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WELCOME from ICMPC14 

We are pleased you could join us for the 14th International Conference on Music Perception 
and Cognition (ICMPC14) and we welcome you to San Francisco. It has been a distinct 
privilege for us to host this event and we look forward to your involvement. We believe 
the historical success of ICMPC stems from the rich diversity of the attendees, who despite 
differences in geographical location, educational background, and professional focus, 
come together biennially as a commitment to advance this truly interdisciplinary field of 
music perception and cognition. This year, ICMPC14 will bring together over 500 
attendees from 32 different countries who boast a myriad of specializations, including 
psychologists, educators, theorists, therapists, performers, computer scientists, 
ethnomusicologists and neuroscientists. And what better place to celebrate this diversity than 
San Francisco – a city renowned for its melding of cultures and ideas. As such, ICMPC14 is 
poised to continue the great tradition of blending world-class interdisciplinary research 
presentations with stimulating social opportunities, both inside and outside the conference 
venue. On behalf of the organizing committee, the conference advisory board, and the 
conference staff and volunteers, we hope you enjoy your time at ICMPC14 and that you 
feel at home here in San Francisco. Please do not hesitate to ask if there is anything we can do 
enhance your conference experience. 

Sincerely, 

Theodore Zanto 
ICMPC14 Conference Chair 
University of California San Francisco 



ICMPC14 : JULY 5-9, 2016, SAN FRANSISCO, CA WELCOME 

4 

WELCOME from SMPC 

Dear ICMPC 2016 Delegates, 

I am happy to welcome you to the 14th biennial International Conference on Music Perception 
and Cognition, hosted this year in North America and sponsored in part by the Society for Music 
Perception and Cognition. SMPC is an organization of scientists and scholars conducting 
research in music perception and cognition, broadly construed. Our membership, which 
numbers over 500, represents a broad range of disciplines, including music theory, psychology, 
psychophysics, linguistics, neurology, neurophysiology, ethology, ethnomusicology, artificial 
intelligence, computer technology, physics and engineering, and we are witnessing an 
unprecedented proliferation of research labs and graduate programs dedicated to the scientific 
study of music. We are historically a North American society, however we have members 
around the globe, including Europe, Asia and Australia, and we are proud to participate in this 
year’s meeting. To learn more about SMPC, please visit our website, www.musicperception.org, 
where you can read recent news, learn about upcoming events, find information about our 
laboratories and graduate programs, and watch videos and podcasts that feature the latest 
research in music perception and cognition. 

I wish to express my sincere thanks to Dr. Theodore Zanto and all the organizers for planning 
and coordinating this year’s meeting in San Francisco. Conferences like ICMPC are essential to 
the dissemination and coordination of research in our growing field, and Dr. Zanto has done a 
spectacular job of putting together this meeting in one of the most beautiful cities in North 
America. I am also pleased to announce that SMPC’s next biennial meeting will be hosted at 
University of California San Diego, with Dr. Sarah Creel as conference chair. The tentative dates 
for the meeting are Jul 31 – Aug 4, and we hope to have these and other details finalized soon. 

Best wishes for an exciting and productive meeting, 

Ed Large 
President 
Society for Music Perception and Cognition 
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CONFERENCE TEAM 
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CONFERENCE COMMITTEES 
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Nikki Rickard (APSCOM) 

Jane Ginsborg (ESCOM) 

Edward Large (SMPC) 

ICMPC Advisory Board 
Sun-Hee Chang (President APSCOM)  

Jane Ginsborg (President ESCOM)  

Edward Large (President SMPC)  
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Anna Rita Addessi (Co-Organizer 9th ICMPC) 

Mayumi Adachi (Organizer 10th ICMPC)  

Steven Demorest (Organizer 11th ICMPC)  
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Moo Kyoung Song (Organizer 13th ICMPC) 

ICMPC14 / SEMPRE Young Investigator 
Award Committee 
Elaine Chew (Queen Mary University London) 

Steve Demorest (Northwestern University) 

Jay Dowling (University of Texas, Dallas) 

Takayuki Nakata (Future University, Hakodate) 

Scientific Advisory Board 
Alexandra Lamont (Keele University) 

Amy Graziano (Chapman University) 

Andrea Halpern (Bucknell University) 

Anna Rita Addessi (University of Bologna) 

Annabel Cohen (University of Prince Edward 
Island) 

Barbara Tillmann (Lyon Neuroscience 
Research Center) 

Charles Limb (University of California San 
Francisco) 

David Temperley (University of Rochester) 

Devin McAuley (Michigan State University) 

Elizabeth Margulis (University of Arkansas) 

Elvira Brattico (Aarhus University) 

Emilios Cambouropoulos (Aristotle University 
of Thessaloniki) 

Erin Hannon (University of Nevada Las Vegas) 

Erkki Huovinen (University of Minnesota) 

Eugenia Costa-Giomi (Ohio State University) 

Glenn Schellenberg (University of Toronto at 
Mississauga) 

Henkjan Honing (University of Amsterdam) 
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John Iversen(University of California San 
Diego) 

John Sloboda (Guildhall School of Music & 
Drama) 

Jonathan Berger (Stanford University) 

Jukka Louhivuori (University of Jyväskylä) 

Julene Johnson (University of California San 
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Justin London (Carleton College) 

Kate Stevens (University of Western Sydney) 

Kyung Myun Lee (Seoul National University) 

Laurel Trainor (McMaster University) 

Lauren Stewart (Goldsmith, University of 
London) 

Lola Cuddy (Queen's University) 

Marc Leman (University of Ghent) 

Marcus Pearce (Queen Mary, University of 
London) 

Mark Schmuckler (University of Toronto 
Scarborough) 

Morwaread Farbood (New York University) 

Nikki Rickard (Monash University) 

Peter Keller (University of Western Sydney) 

Peter Pfordresher (University at Buffalo State 
University of New York) 

Peter Vuust (Aarhus University) 

Petr Janata (University of California Davis) 

Petri Toiviainen (University of Jyväskylä) 

Psyche Loui (Wesleyan University) 

Ramesh Balasubramaniam (University of 
California Merced) 

Reinhard Kopiez (Hanover University of Music) 

Reyna Gordon (Vanderbilt University) 

Richard Ashley (Northwestern University) 

Rita Aiello (New York University) 

Robert Gjerdingen (Northwestern University) 

Sarah Creel (University of California San 
Diego) 

Scott Lipscomb (University of Minnesota) 

Stefan Koelsch (FreieUniversität Berlin) 

Stephen McAdams (McGill University) 

Steven Brown (McMaster University) 

Steven Morrison (University of Washington) 

Suk Won Yi (Seoul National University) 

Takako Fujioka (Stanford University) 

Theodore Zanto (University of California San 
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Tom Collins (de Montfort University) 

Werner Goebl (University of Music and 
Performing Arts) 

William Forde Thompson (Macquarie 
University 
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AWARDS 
ICMPC14 / SEMPRE Young Investigator Award 
This award is granted to research submissions of exceptional quality that were undertaken by 
either graduate students or new researchers in the field. Each applicant for the award 
submitted a paper of up to 3000 words that was reviewed by the Young Investigator Award 
selection committee. The award winner received $1500 in travel and housing support and 
complimentary registration courtesy of SEMPRE & ICMPC14. The honorable mention recipient 
received complimentary registration and $1000 toward travel expenses. 

Young Investigator Award Winner 
Pauline Larrouy-Maestri (Max-Planck Institute) 

Perception of pitch accuracy in melodies: A categorical or continuous 
phenomenon?  

Pitch & Tonal Perception 1: Wednesday, 9:00 am, Marina 

Honorable Mention 
Tan-Chyuan Chin (The University of Melbourne) 

Predicting emotional well‐being: The roles of emotional sensitivity to music and 
emotion regulation using music 

Music & Health / Well-Being 2: Thursday, 9:30 am, Marina 

NSF Travel Awards 
Four travel awards were presented to local (U.S.) graduate students who submitted an 
exceptional research paper of up to 3000 words. Awardees received complete travel, housing 
and registration support, courtesy of the National Science Foundation. Congratulations to the 
NSF Travel Award winners: 

Isabelle Arseneau-Bruneau (University of Texas at Austin) 
Focus Of Attention And Learning During Trumpet Musical Performance Music 
Music Education 4: Saturday, 4:00 pm, Seacliff A-C, Sa29 

Samuel Mehr (Harvard University) 
For 5‐Month‐Old Infants, Melodies Are Social 
Social Psychology of Music 2: Thursday, 10:00 am, Seacliff D 

Brooke Okada (University of Maryland) 
Musical Experience and Executive Function  
Memory & Music 3: Saturday, 11:45 am, Bayview B 

Kelly Whiteford (University of Minnesota) 
Robust training effects in congenital amusia 
Pitch & Tonal Perception 3: Thursday, 4:00 pm, Seacliff A-C, Th50 
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SEMPRE Travel Awards 
ICMPC14 would like to thank the Society for Education, Music, and Psychology Research 
(SEMPRE) for their unprecedentedgenerosity in supporting ICMPC attendees. This year, 
SEMPRE provided over $23,000 in awards to conference attendees! Awardees received various 
amounts based on need. Congratulations to the 50 SEMPRE Travel Award winners: 

Stefanie Acevedo 
Lauren Amick 
Valentin Begel 
Claire Castle 
Nisha Chandrasekaran 
Laura Cirelli 
Shawn Condon 
Esther Coorevits 
Jose Davison da Silva Jr 
Maria Fasano 
Elisa Fromboluti 
Sarah Gates 
Rebecca Gelding 
Steffen Herff 
Yu-Fen Huang 
Patricia Izbicki 
Mendel Kaelen 

Anna Kasdan 
Savvas Kazazis 
Haley Kragness 
Adam Linson 
Xuejing Lu 
Fiona Manning 
Manuela Marin 
Avantika Mathur 
Eva Matlschweiger 
Siddharth Mehrotra 
Karli Nave 
Jason Noble 
Tessa Overboom 
Ana Pereira 
Jasmin Pfeifer 
Rita Pfeiffer 
Olivia Podolak 

Tamar Regev 
Dawn Rose 
Dave Rosen 
Suzi Ross 
Giovanni Sala 
Pathmanesan 
Sanmugeswaran 
Sabrina Sattmann 
Kirsten Smayda 
Christopher (Kit) Soden 
Swathi  Swaminathan 
Cecilia Taher 
Karen Thomas 
Katherine Thompson 
Michael Weiss 
Xin (Olivia) Wen 
Courtney Williams 

Thank you to the sponsors of the ICMPC14 Awards: 
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PRESENTATION GUIDELINES 

Spoken Presentation Guidelines 
Remember that delegates come from all corners of the world and many do not speak English 
natively, so please speak slowly and clearly. Short paper presentations will be allocated 15 min, 
including 10 min for the presentation, 3 min for questions and answers and 2 min to prepare 
the next presentation. Long paper presentations will be allocated 30 min, including 20 min for 
the presentation, 8 min for questions and answers and 2 min to prepare the next presentation. 
Symposia consists of a set of integrated spoken papers related to a theme. The total time 
allocated for a symposium is 90 minutes, which may consist of three to four papers and a 
discussion. Symposium conveners and discussants are asked to coordinate among the 
presenters the duration of each presentation to ensure adequate time for each presenter and 
to allow sufficient time for discussion. We strongly recommend that you test your presentation 
before your session. Please arrive at the meeting room during a break or lunch period prior to 
the start of your session to allow time for setup and testing and check-in with your session chair 
prior to the beginning of your session. 

Each meeting room is equipped with: 
· An LCD Projector
· At least (1) Projection screen
· Podium microphone
· You must bring your own laptop with VGA connectivity (bring a dongle if needed)

Poster Presentation Guidelines 
There are 4 dedicated sessions for poster presentations at the conference that do not conflict 
with any other activity. All poster sessions are scheduled in the afternoon, but poster 
presenters are strongly encouraged to display their work between 8 am and 8:30 am of their 
assigned presentation day and then be present with their poster during the assigned time. This 
way, conference attendees may view the posters prior to the poster session. All poster boards 
will be numbered and poster abstracts have been assigned a corresponding number with two 
letters preceding it, indicating the day of presentation. For example, if you have poster abstract 
number Tu1, then you are presenting on Tuesday and you are to place your poster on board 
number 1. Please leave your poster on the board the entire day. Therefore, put your poster on 
the assigned board in the morning prior to the first session of the day and remove the poster in 
the evening following the last session of the day.Push-pins are provided for mounting your 
poster to the poster board, please leave them behind when you are finished. 

A poster should be complete and self-supporting so that different viewers may read at their 
leisure. The author should only need to supplement or discuss particular points raised during 
inquiry. Remember that several people of varying degrees of interest and experience may be 
viewing your poster at once. Therefore, you will want to make your points as complete and 
brief as possible.  
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OPENING KEYNOTE

Bach to the blues: Music, color, emotion and 
synesthesia 

Bayview A+B, Tuesday at 9 am 

Steve Palmer, Ph.D. 
Professor, Department of Psychology 
University of California Berkeley 

I will discuss cross-modal associations from music to colors for several kinds of music, including 
classical orchestral pieces by Bach, Mozart, and Brahms, single-line piano melodies by Mozart, 
and 34 different genres of popular music from jazz to heavy-metal to salsa to country-western. 
When choosing the 3 colors (from 37) that “went best” with selections of classical music, 
choices by 48 US non-synesthetes were highly systematic: e.g., faster music in the major mode 
was strongly associated with more saturated, lighter, yellower colors.  Further results strongly 
suggest that emotion mediates these music-to-color associations: e.g., the happy/sad ratings of 
the classical orchestral selections were highly correlated .97 with the happy/sad ratings of the 
colors chosen as going best with them (Palmer, Schloss, Xu, & Prado-León, PNAS, 2013).  Cross-
cultural results from Mexican participants for the same classical selections were virtually 
identical to those from US participants. Analyses of the 34 genres data further reveals that color 
choices can be better predicted by 3 emotional dimensions (happy/sad, agitated/calm, and 
like/dislike) than by 8 perceived musical dimensions (electronic/acoustic, fast-strong/slow-
weak, harmonious/disharmonious, etc.) Strong emotional effects were also present for two-
note musical intervals, and weaker emotional effects for the timbre (or tone color) of individual 
instruments.  Similar experiments were conducted with 12 music-to-color synesthetes, except 
that they chose the 3 colors (from the same 37) that were most similar to the colors they 
actually experienced while listening to the same musical selections. Synesthetes showed clear 
evidence of emotional effects for some musical variables (e.g., major versus minor) but not for 
others (e.g., slow versus fast tempi in the piano melodies). The complex nature of similarities 
and differences between synesthetes’ color experiences and non-synesthetes’ color 
associations will be discussed. 
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CLOSING KEYNOTE 

Physically embodied music cognition 

Bayview A+B, Saturday at 5 pm 

Edward Large, Ph.D. 
Professor, Department of Psychology 
University of Connecticut 

Music involves physical interactions with musical instruments, acoustic transmission of sound 
waves, vibration of peripheral auditory structures and dynamic coordination of whole body 
movements. At the same time, music engages high-level cognitive and affective processes, and 
is often compared to language in terms of its structural and cognitive complexity. How can we 
bridge the gap between the raw physical experience of music and the complex cognitive 
computations that are assumed to enable it? In this talk, I propose a radically embodied 
approach to music cognition, consistent with the enactive approach of Varela and the 
ecological psychology of Gibson. The “radical” part is that it appeals to physical principles to 
explain music at all levels of description: patterns of activity in the brain, patterns of action in 
the body, and patterns of interaction among groups of individuals. At the neural level, 
emergent dynamic patterns — as opposed to special purpose circuits — are considered to be 
the fundamental elements, and resonance — rather than computation — is considered to be 
the fundamental operation. However, this approach is not neurocentric. It recognizes that 
music cuts across brain–body–world divisions and it provides the concepts and tools necessary 
to bridge this divide. I begin with rhythm, reviewing theoretical and empirical results that show 
why rhythm perception-action is best understood as resonance of the brain and body to sound. 
Using the example of synchronizing metronomes, I explain how we can use a single language — 
nonlinear dynamical systems — to cut across brain-body-world boundaries. I show how this 
approach replaces abstract cognitive “computation” with resonance of emergent physical 
patterns. Finally, I describe how the radically embodied approach leads to a view of music as a 
natural, emergent phenomenon of the physical world. 
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SOCIAL EVENTS 
To promote socializing, the organizing committee allocated a minimum of 2 hours every day for 
breaks and lunchtime. We hope you use this time to catch up with your colleagues from around 
the world or meet new ones! Also, every day features a different socializing opportunity: 

Tuesday 
All attendees are invited to gather for our opening reception at 5:30 pm, held in the Hyatt 
Atrium, the world’s largest of its kind. Music performed by a student quartet from the 
University of North Carolina, Charlotte: Dawn Carpenter, Mitchell Stokes, Kelsey Sexton and 
Faith Foster. Of note, this student quartet will also play earlier in the day during the Music 
Performance 1 session in Seacliff D, 2 pm– 3:30 pm. 

Wednesday 
A series of symposia and panel discussions (located in Bayview A) is featured and focuses on the 
intersection of music, health, science and industry. Following these talks, will be a reception for 
those who attended the talks, hosted by the University of California Music Experience Research 
Community Initiative (UC MERCI). These symposia, panel discussions and reception aregreat 
opportunities to interact with leaders from various industry sectors that use music in unique 
and powerful ways. 

Thursday 
Thursday evening features a live music performance by “Big Sticky 
Mess” in Bayview A+B from 5pm – 6pm. Close your eyes and hear the 
funky jams reminiscent of decades past with a sound much larger 
than the three piece arrangement before you should allow. Following 
this performance is the ICMPC business meeting and all are welcome 
to attend.  

Friday 
Friday is our conference lunch cruise on the San Francisco Spirit, departing promptly at 1:30 pm 
from Pier 3 (pre-purchased tickets required). Then from 4:30 pm to 8:30pm, all conference 
attendees and friends who RSVP’d are welcome to attend an Indian folk dance workshop and 
join in a jam session at the Center for Computer Research in Music and Acoustics (CCRMA), 
Stanford University.  

Saturday 
Although this is the last day of the conference, it is the best night to explore the city! For ideas, 
see the “Things to do” section of the ICMPC14 website. Attendees might be particularly 
interested in Audium – a sound sculptured space that is unique to San Francisco. Tickets are 
required, advance purchase recommended. 
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PROGRAM OVERVIEW 

Tuesday 

July 5 

Wednesday 

July 6 

Thursday 

July 7 

Friday 

July 8 

Saturday 

July 9 

9am– 10am 

Opening Keynote 

8:30am– 10am 

Papers & Symposia 

8:30am -10:30am 

Papers 

8:30am -10:30am 

Papers 

8:30am -10:30am 

Papers 

10am - 10:30am 

Break 

10am - 10:30am 

Break 

10:30am– 11am 

Break 

10:30am– 11am 

Break 

10:30am– 11am 

Break 

10:30am -11:30am 

Short Papers 

10:30am -12:30pm 

Papers & Symposia 

11am -12:30pm 

Papers & Symposia 

11am -12:30pm 

Papers & Symposia 

11am -12:30pm 

Papers & Symposia 

11:30am -12:30pm 

Short Papers 

12:30pm– 2pm 

Lunch 

12:30pm– 2pm 

Lunch 

12:30pm 

Lunch & Excursions 

12:30pm – 2pm 

Lunch 

12:30pm– 2pm 

Lunch 

2pm– 3pm 

Poster Session 

2pm - 3:30pm 

Papers & Symposia 

1:30pm -3:30pm 

Lunch Cruise  

(Pre-purchased 
tickets required) 

2pm– 3pm 

Short Papers 

2pm - 3:30pm 

Papers & Symposia 

3pm– 4 pm 

Short Papers 

3:30pm– 4pm 

Break 

3pm– 4pm 

Short Papers 

3:30pm - 4:30pm 

Short Papers 

4p - 4:30pm 

Break 

4pm– 5pm 

Poster Session 

 4:30 pm – 8:30 pm 
CCRMA tour, 

workshop and jam 
session 

(RSVP required) 

4pm– 5pm 

Poster Session 

4:30pm - 5:30pm 

Poster Session 

4:30pm– 6pm 

Papers & Symposia 

5pm– 6pm 

Concert:        
Big Sticky Mess 

5pm– 6pm 

Closing Keynote 

5:30pm - 7:30pm 

Opening Reception 

6pm– 7pm 

Business Meeting 
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SCHEDULE	  AT-‐A-‐GLANCE	  

Tuesday,	  July	  5	  

Bayview	  A	   Bayview	  B	   Seacliff	  D	   Marina	  

9:00a	  -‐	  
10:00a	   Opening	  Keynote	  

10:00a	  -‐	  
10:30a	   Break	  

10:30a	  -‐	  
11:30a	   Music	  &	  Language	  1	   Music	  &	  Emotion	  1	   Acoustics	  &	  

Psychophysics	  1	  
Musical	  

Development	  1	  

11:30a	  -‐	  
12:30p	   Music	  &	  Movement	  1	   Rhythm,	  Meter	  &	  

Timing	  1	   Music	  Therapy	   Music	  Education	  1	  

12:30p	  -‐	  
2:00p	   Lunch	  

2:00p	  -‐	  
3:30p	  

Composition	  &	  
Improvisation	   Music	  &	  Personality	  1	   Music	  Performance	  1	   Memory	  &	  Music	  1	  

3:30p	  -‐	  
4:30p	   Music	  &	  Language	  2	   Music	  &	  Neuroscience	  

1	  
Cognitive	  Modeling	  of	  

Music	  1	   Memory	  &	  Music	  2	  

4:30p	  -‐	  
5:30p	   Poster	  Session	  in	  Seacliff	  A-‐C	  

5:30p	  -‐	  
7:30p	   Opening	  Recption	  in	  Atrium	  

Wednesday,	  July	  6	  

Bayview	  A	   Bayview	  B	   Seacliff	  D	   Marina	  

8:30a	  -‐	  
10:00a	  

Music	  &	  Health	  /	  Well-‐
Being	  1	   Music	  &	  Language	  3	   Cognitive	  Musicology	  

1	   Pitch	  &	  Tonal	  Perception	  1	  

10:00a	  -‐	  
10:30a	   Break	  

10:30a	  -‐	  
12:30p	  

Music,	  Health,	  Science	  &	  
Industry	  1	  

Music	  &	  
Neuroscience	  2	  

Social	  Psychology	  of	  
Music	  1	  

Aesthetic	  Perception	  &	  
Response	  1	  

12:30p	  -‐	  
2:00p	   Lunch	  

2:00p	  -‐	  
3:00p	   Poster	  Session	  in	  Seacliff	  A-‐C	  
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3:00p	  -‐	  
4:00p	  

Music,	  Health,	  Science	  &	  
Industry	  2	  

Rhythm,	  Meter	  &	  
Timing	  2	  

Pitch	  &	  Tonal	  
Perception	  2	   Musical	  Development	  2	  

4:00p	  -‐	  
4:30p	   Break	  

4:30	  -‐	  6:00p	   Music,	  Health,	  Science	  &	  
Industry	  3	  

Rhythm,	  Meter	  &	  
Timing	  3	   Music	  Education	  2	   Music	  Performance	  2	  

6:00p	  -‐	  
7:30p	  

UC	  MERCI	  Industry	  
Mixer	   	   	   	  

	  	  

Thursday,	  July	  7	  

	   Bayview	  A	   Bayview	  B	   Seacliff	  D	   Marina	  

8:30-‐
10:30a	   Music	  &	  Language	  4	   Music	  &	  Emotion	  2	   Social	  Psychology	  of	  

Music	  2	  
Music	  &	  Health	  /	  Well-‐

Being	  2	  

10:30a	  -‐	  
11:00a	   Break	  

11:00a	  -‐	  
12:30p	  

Music	  Perception	  &	  Cognition	  
Across	  Species	  

Pitch	  &	  Tonal	  
Perception	  3	   Music	  &	  Movement	  2	   Musical	  Development	  

3	  

12:30p	  -‐	  
2:00p	   Lunch	  

2:00p	  -‐	  
3:30p	   Rhythm,	  Meter	  &	  Timing	  4	   Music	  &	  Meaning	   Music	  Performance	  3	   Acoustics	  &	  

Psychophysics	  2	  

3:30p	  -‐	  
4:00p	   Break	  

4:00p	  -‐	  
5:00p	   Poster	  Session	  in	  Seacliff	  A-‐C	  

5:00p	  -‐	  
6:00p	   Special	  Session	   	   	  

6:00p	  -‐	  
7:00p	   	  	   	   Business	  Meeting	   	  
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Friday,	  July	  8	  

	   Bayview	  A	   Bayview	  B	   Seacliff	  D	   Marina	  

8:30a	  -‐	  
10:30a	   Music	  &	  Movement	  3	   Musical	  Timbre	   Music	  Performance	  4	   Aesthetic	  Perception	  &	  

Response	  2	  

10:30a	  -‐	  
11:00a	   Break	  

11:00a	  -‐	  
12:30p	  

Cognitive	  Modeling	  of	  
Music	  2	  

Music	  &	  
Neuroscience	  4	  

History	  of	  Music	  
Cognition	  1	  

Music	  &	  Health	  /	  Well-‐
Being	  3	  

12:30p	  -‐	   Excursions	  

1:30p	  -‐	  
3:30p	   ICMPC14	  Lunch	  Cruise	  departing	  from	  Pier	  3	  

4:30p	  -‐	  
8:30p	   CCRMA	  tour,	  dance	  workshop	  and	  jam	  session	  

	  	  

Saturday,	  July	  9	  

	   Bayview	  A	   Bayview	  B	   Seacliff	  D	   Marina	  

8:30a	  -‐	  
10:30a	  

Pitch	  &	  Tonal	  
Perception	  4	  

Music	  &	  
Neuroscience	  4	   Cognitive	  Musicology	  2	   Cognitive	  Modeling	  of	  

Music	  3	  

10:30a	  -‐	  
11:00a	   Break	  

11:00a	  -‐	  
12:30p	  

Music	  &	  Movement	  
4	   Memory	  &	  Music	  3	   History	  of	  Music	  

Cognition	  2	   Musical	  Development	  4	  

12:30p	  -‐	  
2:00p	   Lunch	  

2:00p	  -‐	  
3:00p	   Music	  &	  Language	  5	   Music	  &	  Emotion	  3	   Music	  Performance	  5	   Aesthetic	  Perception	  &	  

Response	  3	  

3:00p	  -‐	  
4:00p	   Music	  &	  Language	  6	   Music	  &	  Emotion	  4	   Cross-‐Cultural	  Studies	  of	  

Music	   Memory	  &	  Music	  4	  

4:00p	  -‐	  
5:00p	   Poster	  Session	  in	  Seacliff	  A-‐C	  

5:00p	  -‐	  
6:00p	   Closing	  Keynote	   	   	  
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TUESDAY
Opening Keynote 

Bach to the blues: Music, color, 
emotion and synesthesia

Bayview A+B – 09:00

Steve Palmer, Ph.D.
University of California Berkeley

I will discuss cross-modal associations from music to 
colors for several kinds of music, including classical 
orchestral pieces by Bach, Mozart, and Brahms, single-
line piano melodies by Mozart, and 34 different genres of 
popular music from jazz to heavy-metal to salsa to 
country-western. When choosing the 3 colors (from 37) 
that “went best” with selections of classical music, 
choices by 48 US non-synesthetes were highly 
systematic: e.g., faster music in the major mode was 
strongly associated with more saturated, lighter, 
yellower colors.  Further results strongly suggest that 
emotion mediates these music-to-color associations: e.g., 
the happy/sad ratings of the classical orchestral 
selections were highly correlated .97 with the happy/sad 
ratings of the colors chosen as going best with them 
(Palmer, Schloss, Xu, & Prado-León, PNAS, 2013).  Cross-
cultural results from Mexican participants for the same 
classical selections were virtually identical to those from 
US participants. Analyses of the 34 genres data further 
reveals that color choices can be better predicted by 3 
emotional dimensions (happy/sad, agitated/calm, and 
like/dislike) than by 8 perceived musical dimensions 
(electronic/acoustic,fast-strong/slow-weak, 
harmonious/disharmonious, etc.)  Strong emotional 
effects were also present for two-note musical intervals, 

and weaker emotional effects for the timbre (or tone 
color) of individual instruments.  Similar experiments 
were conducted with 12 music-to-color synesthetes, 
except that they chose the 3 colors (from the same 37) 
that were most similar to the colors they actually 
experienced while listening to the same musical 
selections. Synesthetes showed clear evidence of 
emotional effects for some musical variables (e.g., major 
versus minor) but not for others (e.g., slow versus fast 
tempi in the piano melodies). The complex nature of 
similarities and differences between synesthetes’ color 
experiences and non-synesthetes’ color associations will 
be discussed. 

Music & Language 1 
Session Chair:J. Devin McAuley 

Bayview A -  10:30 

Music-language dissociation after 
brain damage: a new look at the 
famous case of composer Vissarion 
Shebalin 
Meta Weiss*, Queensland Conservatorium 
The Russian composer Vissarion Shebalin (1902-1963) 
holds a famous place in music psychology. As 
documented by Alexander Luria (1965), Shebalin suffered 
strokes that left him severely aphasic, yet he was still 
able to compose, and produced works admired by his 
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contemporaries. His case is often taken as evidence that 
music and language processing can be completely 
dissociated in the brain. However, the musical structure 
of his compositions pre- and post-stroke has never been 
systematically examined. By collecting and analyzing pre- 
and post-stroke string quartets, the current study finds 
evidence that Shebalin’s post-stroke music showed a 
marked shifted to a pseudo-atonal style and the use of 
nonfunctional harmony, as well as a more compact 
formal construction. These findings are interesting in 
light of recent research and theorizing in cognitive 
neuroscience regarding relations between the processing 
of linguistic and musical syntax (e.g., the ‘Shared 
syntactic integration resource hypothesis’, Patel, 2003). 
The complexity of his case is increased by the historical 
context of Shebalin’s work. By conducting archival 
research and interviews in Russia, I found that that his 
post-stroke output also coincided with a more relaxed 
political environment, which may have encouraged 
musical experimentation. This makes it difficult to ascribe 
the change in his compositional style entirely to his 
strokes, but supports the larger point that Shebalin’s 
music was saliently different before and after his strokes, 
and that he is thus not a simple example of music-
language dissociation after brain damage. 

Bayview A -  10:45 

Using a Rhythmic Speech 
Production Paradigm to Elucidate 
the Rhythm-Grammar Link: A Pilot 
Study 
Rita Pfeiffer*, Vanderbilt University ; Alison 
Williams, Vanderbilt University; Reyna Gordon, 
Vanderbilt University; Carolyn Shivers, Virginia 
Polytechnic Institute and State University 
A growing body of work points to a relationship between 
rhythm abilities and language skills, including grammar. 
Individual differences in sensitivity to rhythmic aspects of 
speech could be a mechanism underlying the association 
between musical rhythm and grammar skills found in our 

preliminary work. In this study, we modified a rhythmic 
speech production task and carried out a pilot study with 
the following aims: 1) determine the feasibility of our 
paradigm as a potential speech rhythm sensitivity 
measure; 2) better understand children’s ability to 
produce rhythmic speech; and 3) determine whether 
that ability intersects with musical rhythm and grammar 
skills.  We employed a modified version of the speech 
cycling task (Cummins and Port, 1998), in which 
participants speak short, metrically regular phrases along 
with an isochronous metronome. Twelve six-year-old 
children repeated a set of ten phrases (e.g., “beg for a 
dime”) with two patterns (whole note metronome: one 
click per cycle, and half-note metronome: two per cycle). 
Music rhythm perception and expressive grammar were 
also assessed.  Primary speech beats within each phrase 
were marked using an algorithm and analyzed as follows: 
synchrony with the metronome (external phase), 
synchrony between phrases (period), and synchrony 
within each phrase (internal phase). Preliminary findings 
show that external phase synchronization with the 
whole-note metronome correlated with the children’s 
musical rhythm perception (r=0.55), expressive grammar 
(r=0.60), and complex sentence production (r=0.65) 
abilities. We hypothesize that the internal beat-finding 
mechanisms could be an underlying contributor to 
language development. Pilot results show promise for 
future use of the paradigm to test an overlap of speech 
rhythm sensitivity, musical rhythm perception, and 
expressive grammar abilities. Ongoing work entails 
validating the speech cycling paradigm and enhancing its 
feasibility for assessment and intervention purposes. 

Bayview A -  11:00 

Music syntactic processing related 
to integration of local and global 
harmonic structures in musicians 
and non-musicians 
Iran Roman*, Stanford University; Takako 
Fujioka, Stanford University 
In listening to Western tonal music, an unexpected out-
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of-key chord is known to elicit an event-related potential 
(ERP) component called Early Right Anterior Negativity 
(ERAN) at right frontal electrodes compared to a 
standard in-key-chord. However, in more realistic 
musical pieces, a sense of key can constantly move from 
a key to another closely-related one. Such movements 
typically follow the global rule called 'circle of 5ths', 
which describes the relationship between two keys 
sharing most chords and scale tones. We recorded EEG 
from musicians and non-musicians to analyze the evoked 
potential to an out-of-key chord when preceding local 
patterns follow the global rule. We examined three 
conditions: Control (as in previous ERAN studies), 
Sequential, and Non-Sequential, all of which contained 
the same out-of-key chord, preceded by different chords. 
The Sequential condition presented three repetitions of a 
local pattern including the out-of-key chord, while 
moving through different keys following the global rule. 
In contrast, the Non-Sequential condition presented the 
same local pattern three times without following the 
global rule, jumping across unrelated keys. During the 
Sequential condition, musicians showed a left-lateralized 
ERAN, delayed about 50ms compared to the Control 
condition. This suggests that the integration of local and 
global information for successful key motions may 
require left frontal neural resources, compared to simple 
processing of an out-of-key chord. Furthermore, a right-
frontal positivity with latency around 365ms was found in 
the Non-Sequential condition, perhaps related to local 
pattern violation and not to syntax processing. We are 
currently analyzing non-musician data, and hypothesize 
that the ERAN in the Sequential condition will be right-
lateralized, reflecting only integration of the main key. In 
the Non-Sequential condition we expect non-musicians 
to process local pattern violation similarly to musicians. 

Music & Emotions 1 
Session Chair:E. Glenn Schellenberg 

Bayview B -  10:30 

Subcortical Processing during 

Emotional Encoding of Sensory 
Dissonance 
Fernando Bravo*, TU Dresden; Emmanuel 
Stamatakis, Cambridge University; Martin 
Rohrmeier, TU Dresden 
The emotional evaluation of tonal dissonance seems to 
be strongly influenced by culture, as demonstrated by 
studies that have documented its variations across 
different cultures and its historical transformation 
through the history of western music. However, it has 
been proposed that judgments of sensory dissonance 
could be culturally invariant and largely independent of 
musical training. Empirical findings further suggest that 
sensory dissonance could be initially processed at 
relatively basic auditory levels. Interestingly, it has been 
proposed that the brainstem reflexes could be involved 
in emotion induction processes aroused by music, a 
hypothesis that converges with the assumption of a 
potential “fast” subcortical route supporting affective 
responses to music. The present fMRI experiment 
indirectly assessed this issue, by investigating the effects 
of sensory consonance/dissonance on the cognitive and 
neural mechanisms underlying emotion recognition in 
sound. Results showed that distinct levels of dissonance 
exerted differential influences on the right angular gyrus, 
an area implicated in mental state attribution and 
attention reorienting processes. Importantly, an 
involvement of the brainstem was evidenced whilst 
participants judged the strong dissonant sounds 
(compared with consonant sounds). Specifically, the right 
inferior colliculus showed stronger functional 
connectivity with the right angular gyrus, suggesting that 
early sensory processes in the auditory pathway might be 
contributing to relatively complex cognitive functions 
(i.e. judgments of valence assigned to increasing levels of 
sensory dissonance). Overall, our findings further 
substantiate previous research, showing an involvement 
of subcortical processing stages during the emotional 
encoding of sensory dissonance. 

Bayview B -  10:45 
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The influence of timbre and 
expressive intent on musical 
communication of emotion 
Kit Soden*, McGill University, CIRMMT; Jordana  
Saks, McGill University and CIRMMT ; Stephen 
McAdams, McGill University, CIRMMT 
During a musical performance, does the listener perceive 
the emotion the performer is expressing? Is there 
affective information composed into the melodic 
material of a dramatic work? How is the intended 
expression influenced or affected by the range of timbral 
variation available on a given instrument? Our study 
seeks to understand the communication process 
involving composer, performer, and listener by 
abstracting melodic lines from their original context 
within operatic works, and then reinterpreting these 
excerpts using different timbres and expressive affects. 
Three short excerpts from Romantic-era operas were 
chosen, based on their clarity in signifying one of five 
basic discrete emotions (anger, fear, happiness, love, 
sadness). For the reinterpretations, soprano voice and 
five instruments (flute, English horn, clarinet, trumpet, 
cello) were chosen to include a wide variety of timbral 
and expressive characteristics. Six professional musicians 
performed the excerpts while attempting to express one 
of each of these five basic emotions during their 
performance, yielding a total of 90 excerpts. Participants 
(N=40) were asked to listen to each excerpt and to 
complete two tasks: 1) during listening they continuously 
rated the overall emotional intensity from weak to strong 
using a slider that provided force feedback; 2) at the end 
of the excerpt they picked from the emotion (s) those 
that they perceived as being expressed and rated their 
strength on a scale of low to high. The analysis of the 
results examined both the extent to which expressive 
intent in a musical performance was perceived as a 
function of the melody and the instrument playing it, and 
what timbre’s role is in this communication process. 
Results showed that although there was a 
communication of affective information, the musical 
communication process first and foremost depended 
heavily upon the excerpt, and then additionally, the 
instrument and/or instrumentalist, and then the 
intended emotion. 

 
Bayview B -  11:00  
 
Signifying Emotion: Determining 
the relative contributions of cues 
to emotional communication 
Aimee Battcock*, McMaster University; Diana 
Martinez, ; Michael Schutz,  
   Research on conveyed emotion in music often focuses 
on experimentally manipulated or newly composed 
excerpts. Few studies utilize unaltered musical passages 
composed by internationally acclaimed musicians, in part 
due to challenges equating variables of interest in 
complex, natural musical passages. Here we examine the 
relationship between composers’ structural decisions 
across musical styles (preludes vs. fugues) and listeners’ 
evaluations of conveyed emotion. We focused on 3 
musical cues known to play a key role in communicated 
emotion: mode, pitch height and timing (in the form of 
attack rate). Non-musician participants listened to 8-
measure excerpts of each of the 24 preludes and 24 
fugues in Bach’s Well Tempered-Clavier. After each 
excerpt, participants rated perceived emotion along a 
scale of valence and intensity.    Regression analyses 
revealed timing, pitch height and mode were predictive 
for mean ratings of valence among preludes (R2=0.82) 
and fugues (R2=0.86). Timing accounted for a larger 
amount of variance across both musical styles (62%), 
while pitch height and modality accounted for low to 
moderate variance in both preludes and fugues. Mean 
intensity ratings were also significantly predicted by 
timing within preludes and fugues, however pitch height 
and modality were not significant. Therefore, it appears 
timing was the strongest predictor of participants’ 
emotional responses. Cue strength however, varied with 
respect to style; attack rate accounted for 66% of 
variance in emotional responses to fugues, and 
comparatively 76% in responses to preludes. In addition 
both pitch height and modality cues explained more 
variance for preludes than fugues. Overall these three 
cues accounted for more variability within ratings for 
preludes (R2=0.80) performance than fugues (R2=0.68). 
We will further discuss implications of these differences 
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and the importance of timing as a cue on understanding 
the communication of emotion in composed music.       

 
Bayview B -  11:15  
 
Neurophysiological Investigation 
of Context Modulation based on 
Musical Stimulus 
Siddharth Mehrotra*, IIIT Hyderabad; Anuj 
Shukla, IIIT Hyderabad; Dipanjan Roy, IIIT 
Hyderabad 
There are numerous studies which suggest that perhaps 
music is truly the language of emotions. Music seems to 
have an almost willful, evasive quality, defying simple 
explanation, and indeed requires deeper 
neurophysiological investigations to gain a better 
understanding. The current study makes an attempt in 
that direction to explore the effect of context on music 
perception. To investigate the same, we measured 
Galvanic Skin Responses (GSR) and self-reported emotion 
on 18 participants while listening to different Ragas 
(musical stimulus) composed of different Rasa’s 
(emotional expression) in the different context (Neutral, 
Pleasant, and Unpleasant). The IAPS pictures were used 
to induce the emotional context in participants. Our 
results from this study suggest that the context can 
modulate emotional response in music perception but 
only for a shorter time scale. Interestingly, here we 
demonstrate by combining GSR and self-reports that this 
effect gradually vanishes over time and shows emotional 
adaptation irrespective of context. The overall findings 
suggest that specific context effects of music perception 
are transitory in nature and gets saturated on a longer 
time scale. 
 
 

Musical Development 1 
Session Chair:Adam Tierney 
 
Marina -  10:30  

 
The role of updating executive 
function in sight reading 
performance across development 
Laura Herrero*, Camilo José Cela University; 
Nuria Carriedo, National Distance Education 
University (UNED); Antonio Corral, National 
Distance Education University (UNED); Pedro 
Montoro, National Distance Education 
University (UNED) 
From a cognitive perspective, sight reading (SR) has been 
described as a complex transcription task involving 
simultaneous reading of new non-rehearsed material and 
performance (Sloboda, 1982; Thompson, 1987; Waters, 
Townsend, & Underwood, 1998; Waters, Underwood, & 
Findlay, 1997). Due to the temporary nature of the task, 
it could be necessary to continuously update the 
information in working memory (WM), that could involve 
not only the maintenance and processing of the incoming 
relevant information printed in the score, but also the 
selection from long term memory (LTM) of the adequate 
motor responses, and the inhibition of information which 
is no longer relevant as well as the inadequate motor 
responses to produce the correct ones. We had two main 
aims: (1) to explore the relationship between updating 
executive function subprocesses—
retrieval/transformation and substitution— and SR 
performance across development and expertise level, 
and (2) to analyze the existence of differences in 
updating executive function processes between good 
and poor sight readers.131 students of different ages and 
levels of expertise in string or wind instruments (37 
children aged between 10-11 years, 31 adolescents aged 
between 13-14 years, 32 adolescents aged between 15-
16 years and 31 young adults) participated in the study. 
SR was measured in terms of rhythm accuracy, using two 
different pieces (binary and ternary time bar) by level of 
expertise extracted from “Sound and sight series” (Trinity 
College London, 2007). Updating executive function was 
measured by the updating task devised by De Beni and 
Palladino (2004), which allowed differentiating scores for 
retrieval/transformation and substitution processes: 
maintenance, suppression of information in WM, and 
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proactive interference. The results showed that rhythm 
accuracy in SR was significantly related both to 
maintenance and suppression of information in WM 
regardless the age and expertise level, whereas there 
were no significant correlations between rhythmic 
accuracy in SR and proactive interference. The results 
also showed that good sight readers outperformed poor 
sight readers both in maintenance and suppression of 
information in WM. 

Marina -  10:45 

Auditory and visual beat and 
meter perception in children. 
Jessica Nave-Blodgett*, University of Nevada 
Las Vegas; Erin Hannon, University of Nevada 
Las Vegas; Joel Snyder, University of Nevada Las 
Vegas 
Children experience music in their daily lives, and can tap 
along with the beat of the music, becoming more 
accurate with age. In Western cultures, music is often 
structured metrically, with beats theoretically heard as 
recurring patterns of stronger (downbeat) and weaker 
(upbeat) events. Do children perceive these so-called 
metrical hierarchies in music and match them with 
auditory or visual realizations of meter? Children aged 5-
10 years old listened to excerpts of ballroom dance music 
paired with either auditory (beeping) or visual (ticking 
clock) metronomes. They rated how well the metronome 
matched the music they heard. For auditory 
metronomes, children “judged” a student drummer, and 
for visual metronomes, children “tested” musical clocks. 
Each child only experienced one metronome modality. 
There were four metronome conditions: synchronous 
with the music at the beat and measure level, 
synchronous at the level of the beat but not the 
measure, synchronous at the measure level but not the 
beat, or not at all synchronous with the music. For 
auditory metronomes, children at all ages successfully 
matched the beat level of the metronome with the 
music, and rated beat-synchronous metronomes as 
fitting the music better than beat-asynchronous 
metronomes. However, children did not use measure-

level information in their judgments of fit, and they rated 
beat-synchronous metronomes as fitting equally well 
whether they also matched the measure level or not. In 
the visual modality, 5-6 year old children showed no 
evidence of beat or meter perception, and they did not 
differ in their ratings of any of the metronomes. Children 
aged 7-8 and 9-10 successfully used beat-level 
information in their ratings of fit, rating beat-
synchronous metronomes as fitting better than beat-
asynchronous visual metronomes. Beat perception 
appears to develop in the auditory modality earlier than 
the visual modality, and perception of multiple levels of 
metrical hierarchy may develop after age 10. 

Marina -  11:00 

Beat-based entrainment during 
infant-directed singing supports 
social engagement 
Miriam Lense*, Emory, Vanderbilt ; Warren 
Jones, Emory University 
Social communication makes extensive use of 
predictable, rhythmic behaviors and individuals are 
acutely sensitive to the timing of these behaviors 
beginning in infancy. One example of such 
communication is infant-directed singing, a universal 
form of parent-child interaction that captures and 
maintains infants’ attention and modulates their arousal 
levels. In the current study, we examined musical beat 
perception as a mechanism for the scaffolding of social 
attention and engagement. Specifically, we examined 
how entrainment to the beat directed attention to the 
eyes of others as eyes provide critical, meaningful social 
information (e.g., for directing attention or 
understanding emotions). Forty 24-month old toddlers 
watched videos of actresses engaging them with infant-
directed singing while eye-tracking data was collected. 
We measured if changes in looking to the eyes of the 
actress were time-locked to the beat of the singing. Beats 
of the singing were determined through vowel onsets 
and offsets of the beat-aligned syllables. We constructed 
crosscorrelograms and compared these distributions 
with chance rates of eye-looking using permutation 



ICMPC14 : JULY 5-9, 2016, SAN FRANSISCO, CA TUESDAY 

 

24  

 

testing. Fixations to the eye regions of the actresses were 
time-locked to significantly increase in anticipation of the 
beat of the singing consistent with beat-based 
entrainment. These findings demonstrate how sensitivity 
to the beat can support meaningful engagement with a 
social partner during musical interactions in toddlers. 
Additionally, this research presents a novel method for 
examining entrainment to a musical beat in audiovisual 
stimuli that can be used with young children. 
Implications of this study for understanding the 
development of beat perception and sensitivity to social, 
rhythmic behaviors will be discussed.  

 
Marina -  11:15  
 
Infants' home soundscapes: A 
portrait of American families 
Eugenia Costa-Giomi*, The Ohio State 
University 
Infants learn complex aural communication systems 
rapidly and seemingly without effort simply through 
exposure to sounds. However, the way in which they 
learn to organize auditory information is dependent 
upon the characteristics of their soundscapes. For 
example, the type and quantity of infants’ exposure to 
speech affect their language development and the 
musical experiences in which they are immersed affects 
their preferential attention and recognition of music. We 
studied infants’ (n=8) language and music home 
environments by gathering precise and objective 
information about the characteristics, frequency, 
duration, and quality of infants’ musical experiences 
during a weekend day through the use of an innovative 
technology that facilitates the collection and analysis of 
the sound environment. Results showed that live singing 
and purposeful music listening experiences did not occur 
frequently in the homes of middle class American 
families, that parents overestimated the number and 
length of such experiences in their reports, and that 
grandparents and infants’ siblings often engaged in 
singing more regularly than did the infants’ parents. 
Although infant-directed singing episodes occurred 
rarely, they were highly communicative, interactive, and 

intimate in nature. Overall, we found great diversity in 
the quantity and quality of the language and music 
experiences afforded by the infants. Some were exposed 
to recorded music played by the TV and digital toys for 
more than half of their waking hours, heard live singing 
for less than four minutes in an entire day, and were 
exposed to over 8000 words spoken by adults for a total 
of almost two hours. Others were immersed in more 
socially interactive language and musical experiences 
than others. Our finding that the quantity of infants’ 
vocalizations was related to the characteristics of their 
soundscapes, highlights the importance of the home 
sound environment on infants’ communicative skills.  
 
 

Acoustics & Psychophysics 1 
Session Chair:Frank Russo 
 
Seacliff D -  10:30  
 
Testing the Robustness of the 
Timbre Toolbox and the 
MIRtoolbox 
Savvas Kazazis*, McGill University; Nicholas  
Esterer, McGill University; Philippe Depalle, 
McGill University; Stephen McAdams, McGill 
University, CIRMMT 
The Timbre Toolbox and MIRtoolbox are the most 
popular Matlab toolboxes that are used for audio feature 
extraction within the MIR community. They have been 
recently evaluated according to the number of presented 
features, the user interface and computational efficiency, 
but there have rarely been performance evaluations of 
the accuracy of the extracted features. In this study we 
evaluate the robustness of audio descriptors these 
toolboxes have in common and that are putatively 
related to timbre. For this purpose we synthesized 
various soundsets using additive synthesis, which allows 
for a direct computation of the audio descriptors. We 
evaluate toolbox performance by analyzing the 
soundsets with each toolbox and calculating the 
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normalized RMS error between their output and the 
theoretical values. Each soundset was designed to exhibit 
specific sound qualities that are directly related to the 
descriptors being tested. In this way we are able to 
systematically test the performance of the toolboxes by 
tracking under which circumstances certain audio 
descriptors are poorly calculated. For the analysis we 
used the default settings of each toolbox and the 
summary statistics from the frame-by-frame analysis 
were derived using the median values. For spectral 
descriptors the Timbre Toolbox performs better and on 
some soundsets outperforms the MIRtoolbox with the 
short-term Fourier transform magnitude representation 
being the most robust. The Timbre Toolbox failed to 
analyze some sounds using the harmonic representation 
even though all sounds were strictly harmonic. The 
MIRtoolbox's calculations of spectral centroid on some 
sounds and spectral irregularity on a specific soundset 
proved to be numerically unstable. For descriptors that 
are based on the estimation of the amplitude envelope 
both toolboxes perform almost equally but poorly. We 
noticed that in this case the errors depend mainly on the 
length of the attack or decay times and not on the shape 
of the slopes. 
 
 

 
Seacliff D -  10:45  
 
Musicians do not experience the 
same impairments as non-
musicians during postural 
manipulations in tactile temporal 
order judgment tasks 
James Brown*, University of Sydney; Emily 
Orchard-Mills, University of Sydney; David Alais, 
University of Sydney 
In a temporal order judgment (TOJ) task, participants are 
required to judge the order of two or more stimuli 
presented close together in time (e.g. which stimulus 
occurred first). Studies concerning tactile perception will 

often use TOJ tasks to make inference on the temporal 
and spatial limits of the tactile sense (i.e. how sensitive 
or precise the tactile sense is at locating a stimulus in 
time or external space). When a tactile stimulus is 
received at the skin, it is thought to be processed with 
regard to two properties: somatotopic (i.e. what part of 
the skin received the stimulus) and external spatial (i.e. 
where that part of the skin was in external space when it 
received the stimulus). Postural manipulations (e.g. 
crossing the hands into opposite external hemifields) can 
cause a conflict between these two properties and impair 
the temporal and spatial limits of the tactile sense in that 
context. Given their purpose, TOJ tasks can therefore 
help assess the impairment. Previous studies by other 
researchers, and pilot studies by the current authors, 
suggest that musicians exhibit finer temporal and spatial 
abilities when it comes to the tactile sense – it is 
therefore of interest to the current researchers if the 
temporal and spatial impairments associated with 
postural manipulations will affect musicians the same as 
non-musicians. A TOJ task with both normal and postural 
manipulation conditions was conducted on a group of 
musicians and non-musicians. Musicians performed 
significantly better than non-musicians in all conditions, 
with the largest differences in conditions with conflict 
between somatotopic and external spatial properties. 
Possible reasons for the differences in performance, and 
the apparent resilience of musicians to impairment by 
postural manipulation, are briefly discussed. 

 
Seacliff D -  11:00  
 
Semantic Dimensions of Sound 
Mass Fusion 
Jason Noble*, McGill University; Stephen 
McAdams, McGill University, CIRMMT 
Sound mass, the grouping of multiple sound events or 
sources into perceptual units that retain an impression of 
multiplicity, is essential to daily auditory experience (e.g. 
when we recognize a crowd, traffic, or rain as a “single” 
sound).  It is also highly relevant to musical experience: 
composers including Ligeti, Xenakis, and many others 
have exploited it at length.  Such composers often 
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describe their aesthetic aims in vividly evocative terms – 
clouds, galaxies, crystal lattices – but it remains unclear 
to what extent, if any, such metaphors relate to the 
experiences of listeners.    Following three experiments 
that examined psychoacoustic conditions predicting 
sound mass perception in listeners (Douglas et al, 2016), 
a fourth experiment examining semantic dimensions of 
sound mass perception is currently underway.  Subjects 
hear 40 samples of contemporary music that may or may 
not exhibit sound mass fusion and rate them on a battery 
of scales.  For each sample, participants rate: (1) its 
degree of sound mass fusion, (2) the degree to which it 
exhibits properties related to sound mass fusion (e.g. 
density, complexity, homogeneity), (3) the degree to 
which it evokes adjectival metaphors for sound mass 
used by scholars (e.g. volatility, stasis, formlessness), and 
(4) the degree to which it evokes nominal metaphors for 
sound mass used by composers (e.g. clouds, galaxies, 
crystal lattices).  The results will be compared with 
musical / sonic analysis of the stimuli.  Data analysis will 
reveal: (1) which psychoacoustic properties correlate 
best with sound mass perception, (2) to what extent 
listeners agree on the metaphors evoked by these 
samples, (3) whether or not the metaphors identified by 
listeners are the same ones used by scholars and 
composers, and (4) whether or not those metaphors 
correlate with identifiable properties of the stimuli.  
Ultimately this research will help explain the perceptual 
significance of sound mass fusion in contemporary music.  

 
Seacliff D -  11:15  
 
Aging Adults and Gender 
Differences in Musical Nuance 
Perception  
Jennifer Bugos*, University of South Florida 
Background: Musical nuance, fine grain deviations in 
pitch, loudness, time, and tone quality in a musical 
phrase, is critical to listener perceptions. Research 
suggests that music training may influence nuance 
perception in young adults; however, little is known 
about the extent to which aging or other demographic 
variables such as gender, influence musical nuance 

perception (Bugos, Heller, & Batcheller, 2015).  Aims: The 
aims were to evaluate the role of gender on musical 
nuance perception in older adults and to compare the 
performance of older adults with younger adults.   
Methods: One-hundred twenty healthy older adults (47 
males, 73 females) were recruited from an independent 
living facility and screened for cognitive deficits and 
hearing loss. Younger adults (n=120) were recruited from 
a local urban university. Participants completed a short 
demographic survey and the Musical Nuance Task (MNT). 
The MNT is a highly reliable, 30-item measure that 
includes 15 items of three short musical phrases 
performed on the same instrument (cello, clarinet, or 
piano) and 15 items of three short musical phrases 
performed on each of these same three instruments. 
Two of the three performed phrases were considered the 
“same” in nuance and one was considered “different” in 
nuance. Results: Results of a MANOVA on the MNT show 
significantly faster reaction times for older adult females 
compared to males. While no differences were found for 
the total number of errors on the MNT, less errors were 
committed by older adult females on the last 15 trials, 
items with multiple timbres presented. No differences 
were found in errors rates between young adults and 
older adults. However, younger adults show faster 
reaction times compared to older adults. Conclusions: 
Nuance perception is more difficult with contrasting 
timbres. Gender differences in auditory processing may 
influence nuance perception.  
 
 

Music & Movement 1 
Session Chair:Petri Toiviainen 
 
Bayview A -  11:30  
 
The Conductor as Guide: Gesture 
and Perception of Musical Content 
Anita Kumar*, University of Washington; Steven 
Morrison, University of Washington 
Expressive gestures affect viewers’ perceptions and 
evaluations of conducted ensemble performances. This 
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may be due, in part, to conductor gesture delineating or 
amplifying specific expressive elements. The purpose of 
this study was to determine if conductor gesture affects 
observers’ focus of attention to contrasting aspects of 
ensemble performances. We arranged two excerpts for a 
small conducted ensemble. Each featured two-part 
counterpoint of contrasting elements: (1) an ostinato 
paired with a lyric melody and (2) long chord tones 
paired with rhythmic interjections. Upper and lower 
voiced instruments recorded each line and resultant 
audio was mixed to present both lines at equivalent 
amplitude in each combination. These were paired with 
video of two different conductors who used gesture 
appropriate to one or the other line. Participants (N=42) 
evaluated excerpts along four 10-point differential scales 
(articulation, style, rhythm, and phrasing) anchored by 
descriptive terms.. Participants also indicated whether a 
lower timbre (Tuba) or a higher timbre (Flute) was 
dominant in the excerpt. Evaluations for each of the 
elements varied depending on the conductor’s use of 
gesture. For three of the four excerpt voicings, ratings 
trended towards descriptors congruent with gesture. In 
the fourth excerpt, descriptions were not indicative of 
attention to gesture. When compared with voice primacy 
rating, for this excerpt respondents identified the flute 
line as primary regardless of whether the gesture was 
congruent with that part.  For the other excerpts, voice 
primacy rating was not indicative of gesture attention.  
Listeners appear to be sensitive to the manner in which a 
conductor’s gesture delineates musical lines, particularly 
as an indication of articulation and style. This effect 
appears to be mitigated by the congruence of gesture to 
preconceptions of the importance of melodic over 
rhythmic material, and of certain timbres over others.  

 
Bayview A -  11:45  
 
How Music Moves Us: Entraining 
to Musicians’ Movements  
Roger Chaffin*, University of Connecticut; 
Alexander  Demos, University of Illinois 
Why do people move to music? To find out, we 
measured the postural sway of two trombonists as they 

each recorded multiple performances of two solo pieces 
in each of three different expressive styles (normal, 
expressive, non-expressive). We then measured the 
postural sway of 29 non-trombonist listeners as they “air 
conducted” the performances (Experiment 1), and of the 
two trombonists as they played along with the same 
recorded performances (Experiment 2). In both 
experiments, the velocity of listeners’ sway was more 
similar to that of the performer than expected by chance.  
In other words, listeners spontaneously entrained to the 
performer’s movements, spontaneously changing their 
direction of sway at the same time as the performer 
simply from hearing the recorded sound of the music.   
Listeners appeared to be responding to information 
about the performer’s movements conveyed by the 
musical sound. First, entrainment was only partly due to 
performer and listeners both swaying to the musical 
pulse in the same way; listeners also entrained to 
performers’ non-metrical movements. Second, listeners 
entrained more strongly to back-and-forth sway (more 
closely linked to the sound-producing movements of the 
trombone slide) than to side-to-side sway (more 
ancillary). Both effects suggest that listeners heard the 
performer’s movements in the musical sound and 
spontaneously entrained in the same way that people 
spontaneously entrain to the movements of other people 
in many situations.   Entrainment appeared to be an 
integral part of listeners’ affective response to the music. 
Listeners rated performances as more expressive when 
they entrained more. They also rated expressive higher 
than non-expressive performances, but they did not 
entrain more strongly to more expressive performances. 
Thus, perceived expressiveness was determined more by 
the listener than by the performer. Entrainment appears 
to enhance listeners’ experience of musical feelings 
expressed by the musician.  

 
Bayview A -  12:00  
 
The effect of attention on adaptive 
and anticipatory mechanisms 
involved in sensorimotor 
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synchronization 
Bronson Harry*, The MARCS Institute; Carla 
Pinto, The MARCS Institute; Peter Keller, 
Western Sydney University 
Human interaction often involves the rhythmic 
coordination of actions across multiple individuals, such 
as in ensemble musical performance. Traditional 
accounts of sensorimotor synchronization (SMS) posit 
that precise synchronization is the product of adaptive 
mechanisms that correct for asynchronies between 
performers in a reactive manner. However, such models 
cannot account for how synchrony is maintained during 
dynamic changes in tempo. The adaptation and 
anticipation model (ADAM) proposes that performers 
also make use of predictive mechanisms to estimate the 
timing of upcoming actions via internal simulations of a 
partners’ behavior. According to this account, predictive 
mechanisms rely on attention whereas basic adaptive 
mechanisms are automatic. To investigate the effect of 
attention on adaptive and anticipatory mechanisms, we 
fitted a computational implementation of ADAM to data 
collected from two SMS tasks. Estimates of adaptation 
were derived from a SMS task involving an adaptive 
virtual partner, wherein participants drummed in 
synchrony with an adaptive metronome that 
implemented varying levels of phase correction. 
Estimates of anticipation were derived from a task in 
which participants drummed in synchrony with 
sequences with constantly varying tempo. To assess the 
role of attention, participants also did these tasks while 
engaged in a concurrent visual one-back task. As 
expected, synchronization accuracy and precision were 
not modulated by the secondary task for the virtual 
partner task, but were significantly impaired under dual 
task conditions for the tempo-changing task. Moreover, 
model estimates of adaptive mechanisms were not 
altered by the secondary task, whereas model estimates 
of predictive mechanisms indicated participants utilized 
reduced predictive control while engaged in the 
secondary task. These results suggest that rhythmic 
interpersonal synchronization relies on both automatic 
adaptive and controlled predictive mechanisms. 

Bayview A -  12:15 

Gesture, Embodied Cognition, and 
Emotion: Comparing Hindustani 
Vocal Gharanas in Performance 
Hans  Utter*, Ohio Arts Council; Utpola  Borah, 
Ohio Arts Council  
Background:  Bilateral gesture in North Indian classical 
vocal music (khyal) has a complex relationship with music 
structure and aesthetic intentions, and appears to 
augment emotional expression and serve important 
pedagogical functions. Gesture has an important role in 
Indian vocal training, especially in relation to processes 
of attention, cognition, and memory.  Aims:In this paper, 
I examine the multimodal interactions between voice 
production, emotional expression, song text, and gesture 
through an audio/visual analysis of performers in three 
different vocal traditions. I will examine distinctions 
between different vocal gharanas (schools) through both 
gesture and related stylistic/aesthetic elements. The use 
the spatial visualization of sound based on particular 
vowels in the dhrupad vocal genre will also be discussed 
as a possible influence on movement.   Method: The 
methods employed consist of collecting ethnographic 
data through interviews and audio/video recordings, 
participation in learning situations, and examining Indian 
theoretical treatises on vocal music. The data is 
correlated with performance practices of the gharanas to 
determine the relationships between aesthetics, vocal 
culture, and musical structure.   Results: While the use of 
gesture is not formally taught and can be idiosyncratic, 
performers from specific vocal gharanas exhibit some 
common practices. However, between gharanas gestures 
tend to emphasize the dominant aesthetic features 
particular to that gharana, and correlate with distinct 
musical elements.   Conclusion: For North Indian classical 
vocal music, the system of oral transmission and 
individualized training in a particular gharana is evident 
in gesture, which developed through the process of 
enculturation. My evidence shows that gesture is a 
component of multi-modal processes of learning and 
expression, which supports the hypothesis of the 
embodied nature emotional-cognitive processes.   
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Rhythm, Meter & Timing 1 
Session Chair:Eric Clarke 

Bayview B -  11:30 

Visual rhythm perception of dance 
parallels auditory rhythm 
perception of music 
Yi-Huang Su*, Technical University of Munich 
Background: Musical rhythms are linked to human 
movements externally and internally. While this 
sensorimotor coupling underlies rhythm perception, it is 
unknown whether similar processes occur visually when 
observing music-related movements: dance. Given the 
action-perception coupling, watching rhythmic dance 
movements may elicit motor representations of visual 
rhythm. Aims: I investigated visual rhythm perception of 
realistic dance movements with the following questions: 
Can observers extract different metrical levels from 
patterns of different body parts? Is visual tuning related 
to preferred tempo? Can one level serve as beat while 
another as subdivision? Are perceptual results supported 
by sensorimotor synchronization (SMS)? Method: 
Participants observed a point-light figure performing 
Charleston and Balboa dance cyclically. In one task, they 
freely tapped to a tempo in the movement. In another, 
they watched the dance presented either naturally, or 
without the trunk bouncing, and reproduced the leg 
tempo. In two further SMS tasks, participants tapped to 
the bouncing trunk with or without the legs moving in 
the stimuli, or tapped to the leg movement with or 
without the trunk bouncing. Results: Observers tuned to 
one level (legs) or the other (trunk) depending on the 
movement tempo, which was also associated with 
individual’s preferred tempo. The same leg tempo was 
perceived to be slower with than without the trunk 
bouncing in parallel at twice the tempo. Tapping to the 
leg movement was stabilized by the trunk bouncing. 
Conclusions: Observers extract multiple metrical 
periodicities in parallel from structured dance, in a 
similar way as for music. Lateral leg movements serve as 

beat and vertical trunk movements as subdivisions, as 
confirmed by tempo perception and the subdivision 
benefit in SMS. These results mirror previous auditory 
findings, and visual rhythm perception of dance may 
engage common action-based mechanisms as musical 
rhythm perception. 

Bayview B -  11:45 

Musical rhythms induce long-
lasting beat perception in listeners 
with and without musical 
experience 
Karli Nave*, University of Nevada, Las Vegas; 
Erin Hannon, University of Nevada Las Vegas; 
Joel Snyder, University of Nevada Las Vegas 
Listeners are exposed to rhythmic stimuli on a daily basis, 
whether from observing others moving, listening to 
music, or listening to speech. Humans easily perceive a 
beat (quasi-isochronous pattern of prominent time 
points) while listening to musical rhythms, as evidenced 
by experiments measuring synchronized tapping or 
perceptual judgments. It is assumed that listeners infer 
the beat from regularly occurring events in the musical 
surface, but they sustain an internally driven metrical 
percept once the beat is inferred. Nevertheless, relatively 
few studies have attempted to disentangle the surface 
information from the internal metrical percept. We 
therefore attempted to measure the robustness of 
internally driven metrical percepts using a musical rich 
induction stimulus followed by a beat matching task with 
metrically ambiguous stimuli. During induction listeners 
heard an excerpt of unambiguous duple- or triple- meter 
piano music. They then heard a beat-ambiguous rhythm, 
which could be perceived as either duple or triple. In the 
probe phase, listeners indicated whether a drum 
accompaniment did or did not match the stimulus.  
Listeners readily matched the drum to the prior musical 
induction meter after the beat-ambiguous phase. 
Although musicians outperformed non-musicians, non-
musicians were above chance. Experiment 2 examined 
the time course of the internal metrical percept by using 



ICMPC14 : JULY 5-9, 2016, SAN FRANSISCO, CA TUESDAY 

 

30  

 

the same task but varying the duration of the ambiguous 
phase. This revealed that listeners performed accurately 
and comparably for 0, 2, 4, or 8 measures of the 
ambiguous stimulus. Overall these results provide 
additional evidence for perception and long-lasting 
memory for musical beat. 

 
Bayview B -  12:00  
 
Rhythmic skills in children, 
adolescents and adults who stutter 
Simone Falk*, LMU; Marie-Charlotte Cuartero, ; 
Thilo Müller, ; Simone Dalla Bella, EuroMov, 
University of Montpellier 
The production of fluent speech is related to the capacity 
to precisely integrate auditory and motor information in 
time. Individuals who stutter have shown temporal 
deficits in speech production which are possibly linked to 
altered connectivity and functioning of the neural circuits 
involved in speech timing and sensorimotor integration. 
The aim of this study is to examine if individuals who 
stutter show deficits which extend to non-verbal 
sensorimotor timing as well. In a first experiment, twenty 
German-speaking children and adolescents who stutter 
and 43 age-matched controls were tested on their 
sensorimotor synchronization skills. They were asked to 
tap with their finger to rhythmic auditory stimuli such as 
a metronome or music. Differences in sensorimotor 
timing between participants who stutter and those who 
do not stutter were found. Participants who stutter 
showed poorer synchronization skills (i.e., lower accuracy 
or consistency) than age-matched peers. Adolescents 
who stutter were more impaired than children, 
particularly in consistency. Low accuracy resulted from 
the fact that participants who stutter tapped earlier in 
relation to the pacing stimulus as compared to controls. 
Low synchronization consistency (i.e., higher variability) 
was observed in particular in participants with severe 
stuttering. In a second experiment, we tested 18 French-
speaking adults who stutter and 18 matched controls 
using the same tasks. In addition, to assess whether 
stuttering was accompanied by a beat perception deficit, 
the participants were tested on a beat alignment task. 

Adults’ synchronization skills were similar to those of 
children and adolescents (i.e., more variable and less 
accurate than controls). In contrast, the two groups 
performed similarly well in the perceptual beat 
alignment task. In sum, timing deficits in stuttering are 
not restricted to the verbal domain and are likely to 
particularly affect processes involved in the integration of 
perception and action.  

 
Bayview B -  12:15  
 
Assessment of rhythm abilities on 
a tablet-based mobile platform 
Ted Zanto*, UCSF; Namita Padgaonkar, UCSF; 
Adam Gazzaley, UCSF 
In our digitally enriched environment, there is now the 
potential to use consumer grade mobile technologies to 
collect research data, which could enable remote data 
collection from participants at home. As a first step to 
assess the utility of a tablet-based mobile platform in 
characterizing rhythm abilities, a custom rhythm game 
was developed in Unity and played by participants in-lab 
on a Windows Surface 3 tablet. The rhythm game has 27 
levels that consist of combinations of 3 tasks (tap with 
the metronome, tap between metronome, call-and-
response to metronome), 3 tempos (350 ms, 525 ms, 750 
ms inter-onset-interval), and 3 stimulus types (audio, 
visual, and audio-visual). Four groups of participants 
were recruited based on age (younger (18-35 years), 
older (60-80 years) adults) and musical experience (non-
musician (< 5 years musical training), musician (> 10 
years musical training)). Rhythm abilities were assessed 
based on accuracy, precision and variance. Results 
replicate previously observed findings in that musicians 
outperformed non-musicians, younger adults 
outperformed older adults, fast tempos were most 
difficult, and audio-visual stimuli as well as on-beat 
synchronization were easiest for all participants. A week 
later all participants played the rhythm game a second 
time and test-retest reliability was good to excellent 
(intra-class correlation coefficients ranged from 0.72 to 
0.83). Results were compared to other assessments of 
perceptual, motor and cognitive functions known to 
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decline in aging. Across all participants, better rhythm 
abilities significantly correlated with faster response 
times, higher working memory capacity, better 
visuospatial selective attention, and lowered multitasking 
costs. Together, these results indicate tablet-based 
mobile platforms may serve as a useful tool for remote 
data collection and are sensitive enough to discriminate 
rhythm abilities based on age and musical experience. 

Music Education 1 
Session Chair:Reinhard Kopiez 

Marina -  11:30 

The Effect of Movement 
Instruction in Music Education on 
Cognitive, Linguistic, Musical and 
Social skills 
Emese Maroti*, Hungarian Academy of Sciences 
; Laszlo Nemes, ; Gabriella Deszpot, ; Borbala 
Sziranyi, ; Tamara Farnadi, ; Edina Barabas, ; 
Ferenc Honbolygo,  
Several studies have shown the benefits of music training 
on cognitive, linguistic and neural development. It has 
been also found that incorporating movement 
instruction into music education can improve musical 
competence. However, it is not known whether 
movement instruction in music education can also relate 
to other, non-musical skills. Here we address this 
question and report the results of the first year of a 
longitudinal study, in which we examine the effect of 
movement instruction in childhood music education on 
musical, cognitive, linguistic and social development. We 
compared 6-7 year old children receiving the traditional 
Kodály music training, which includes solfeggio and 
singing, with two groups of children receiving movement 
based music training: one involves rule based 
sensorimotor synchronization, and the other involves 
free improvisation. In order to measure the effect of 

these methods, we created a comprehensive test battery 
for sensorimotor synchronization, musical, cognitive, 
linguistic and social skills. In the beginning of the study 
children were compared on all tests to examine any 
possible pre-existing differences between the groups 
that can affect the results of future comparisons. Our 
results revealed that the groups did not differ initially in 
any musical and non-musical skills. After 8 months, 
children underwent the same tests, and we found that 
movement based methods improved sensorimotor 
synchronization, rhythmic ability, executive functions and 
linguistic skills. Furthermore, free improvisation 
increased empathy and pitch discrimination. Finally, we 
found significant correlations between linguistic skills and 
both sensorimotor synchronization and rhythmic ability. 
These initial results inspire us to continue investigating 
whether the effect of movement instruction can manifest 
not only on a behavioral, but on a neural level, 
specifically how it affects neural entrainment to a musical 
rhythm and neural encoding of speech. 

Marina -  11:45 

Singing for the Self: Exploring the 
self-directed singing of three and 
four year-old children at home 
Bronya Dean*, University of Exeter 
The everyday musical lives of young children are a 
subject of growing interest among music education 
researchers and practitioners, as everyday musical 
experiences are increasingly recognized as relevant to 
music education. Typically, young children’s spontaneous 
singing has been studied in educational contexts where 
social, or interpersonal, forms of singing dominate 
musical play.  This means self-directed or intra-personal 
forms of singing have largely been ignored. In this paper I 
discuss the self-directed singing of 15 three and four 
year-old children at home, focusing on how they use 
singing as a tool for self-management. This is one aspect 
of a qualitative study examining how three and four year-
old children use singing in their everyday home lives. 
Audio data was collected using the LENA™ all-day 
recording technology. A total of 187 hours of suitable 
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audio recordings were collected from 15 children (7 boys, 
8 girls) aged from 3:0 to 4:10 years (average age 3:8). 
Analysis of the data revealed that young children sing 
extensively at home and that their self-directed singing is 
less likely to adhere to culturally meaningful models than 
their social singing. The children used singing as a tool to 
manage the self, including to entertain themselves, 
enhance their experiences, regulate bodily coordination, 
express emotion, explore self-identity, protect their self-
esteem and to support themselves in being alone. Self-
directed singing allows young children to explore 
improvisation in different ways and may assist in the 
development of independence and self-reliance. These 
findings suggest that music educators should provide 
opportunities for solitary music-making in parallel with 
more socially-oriented music activities and find ways to 
support the use of singing in self-management. 

 
Marina -  12:00  
 
Memory ability in children’s 
instrumental musical practice 
Larissa Padula Ribeiro da Fonseca*, Federal 
University of Bahia; Diana Santiago, Federal 
University of Bahia; Victoria Williamson, 
University of Sheffield 
The present research aimed to examine the relationship 
between the amount and quality of instrumental practice 
and memory ability in children. The theoretical 
references were the working memory model (Baddeley & 
Hitch, 1974) and the practice model (Barry & Hallam, 
2002). The participants were 52 children - 6 and 15 years 
- residents in Salvador and members of the Pedagogical 
Experimental Orchestra of NEOJIBA. The research was 
divided in two stages. The first stage adopted a 
descriptive approach in order to record the instrumental 
musical practice of the young musicians and the routine 
practice of them over more than one year, including 
systematic observation, field diaries, recordings, and 
semi structured interviews. Thematic analysis approach 
was employed to encompass the rich collection of data 
obtained. The second stage of the study sought to 
answer questions concerning the musical and non-

musical memory ability in the participants and the 
relationship between their memory abilities and musical 
practice. Memory tests for digit, rhythm, pitch and 
timbre sequences, were specially developed and applied. 
The results of the first stage revealed that most of the 
participants met the factors proposed by Barry & Hallam 
(2002). Similarly, most had high performance in the 
memory tests. In particular the participants presented a 
higher score for music information, a fact that confirms 
the first research hypothesis, that the participants’ 
performance would be better in musical memory tests. 
However, a significant correlation between the two 
stages of the research, was not found, most likely due to 
the format of the tests. This difficulty reflects an urgent 
need to develop new methodological tools (memory 
tests suitable for children) in order to conduct further 
research on the subject of musical performance and 
memory ability in children. Such research could feed 
directly into music educational practice as well as 
cognitive memory theory.  
 
 

 
 
 
Marina -  12:15  
 
Development and first results from 
the Musical Ear Training 
Assessment (META) 
Anna Wolf*, Hanover University of Music; 
Reinhard Kopiez, Hanover Music Lab, Hanover 
University of Music, Drama and Media 
The testing of musicality has been in effect for 100 years. 
So far, most tests have focused on the aspect of musical 
talent and applied the paradigm of detecting small 
discriminations and differences in musical stimuli. Less 
research has been conducted on the assessment of 
musical skills primarily influenced by an individual’s 
practice. Up to the present day, there has been no 
comprehensive set of tests to objectively measure 
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musical skills, which has rendered it impossible to 
measure the long-term development of musicians or to 
conduct studies on the characteristics and constituents 
of musical skill. The following study has, for the first time, 
developed an assessment instrument for analytical 
hearing following a strict test theoretical validation, 
resulting in the Musical Ear Training Assessment (META). 
By means of three pre-studies, a developmental study 
(n=33) and a validation study (n=393), we verified a one-
dimensional test model using sophisticated methods of 
Item Response Theory identifying the best 53 items to 
measure a person’s ear training skills. For better 
application, two test versions with 10 and 25 items have 
been compiled (META-10 and META-25). Aside from 
psychometric test development, it was possible to 
investigate a variety of moderator variables assumed to 
influence the ear training skill. To our surprise, the 
participants’ main instrument did not influence the META 
score (d=0.10), nor did whether the participant had 
learnt some method of solmisation (d=0.11). However, 
the most-played genre (d=0.20) and, unforeseen by us, 
the participant’s gender (d=0.23; males outperforming 
females) had significant impacts on the test score 
(p<.05). Future studies will investigate the mentioned 
effects, especially the hard-to-explain gender effect, and 
focus on a comprehensive view of the musician’s ear, 
including notation-evoked sound imagery to explore a 
general model of musical hearing mechanisms, their 
influences and educational implications. 
 
 

Music Therapy 1 
Session Chair:Charles Limb 
 
Seacliff D -  11:30  
 
The relaxing effect of tempo on 
music-aroused heart rate 
Edith Van Dyck*, Ghent University; Joren Six, 
Ghent University; Marc Leman, Ghent 
University 
Background  Music is frequently used as a means to 

relax, while its arousing effects are often employed in 
sports and exercise contexts. Previous work shows that 
music tempo is one of the most significant determinants 
of music-related arousal and relaxation effects. However, 
in the literature on human heart rate, music tempo itself 
has not yet been studied rigorously on its own.  Aims  
The aim was to investigate the link between music tempo 
and heart rate during passive music listening, adopting 
an experimental design with tight control over the 
variables.  Method  Heart rate was measured in silence 
after which music was provided in a tempo 
corresponding to the assessed heart rate. Finally, the 
same stimulus was presented again but music tempo was 
decreased, increased, or kept stable.  Results  The 
experiment with heart rate measurements of 32 
participants revealed that substantial decreases in music 
tempo significantly reduced participants' heart rates, 
while heart rate did not respond to less considerable 
drops or increases. It was also shown that heart rate 
significantly increased in the music condition compared 
to the silent one. The person’s gender or music 
preference did not seem to be of significant importance.  
Conclusions  Generally, it is believed that music can 
induce measurable and reproducible effects on human 
heart rate, leading to a condition of arousal proportional 
to the tempo of the music. However, our findings 
revealed that only substantial decreases in music tempo 
could account for heart rate reductions, while no link 
between tempo increase and heart rate was uncovered. 
As music listening showed to increase heart rate 
compared to silence, it is suggested that possible effects 
of tempo increases are regulated by the arousal effect of 
music itself. These results are a major contribution to the 
way in which music is used in everyday activities and are 
valuable in therapeutic and exercise contexts.  

 
Seacliff D -  11:45  
 
Entrainment-based Music 
Interventions for Surgery: 
Harnessing the Iso Principle 
Courtney Williams*, Griffith University 
1. Background: Music has been shown to positively affect 
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a patient’s mental and physiological state in 
perioperative settings. This effect is often explained by 
entrainment – the synchronization of the patient’s bodily 
rhythms to rhythms presented in the music. While there 
is evidence to support the effectiveness of musical 
entrainment, there exists a need for a more specialized 
investigation into this field, which moves beyond the 
basic discussions of tempo and looks at musical 
selections at both an individual level, and as a whole. 2. 
Aims: This research examines the literature surrounding 
the use of entrainment in music-based surgical 
environments, creating a method for the selection and 
composition of music for this purpose. 3. Main 
Contribution: It is argued that music can not only entrain 
the rhythms of the body to states more conducive to 
healing, but that the mental state of the listener can also 
be entrained by the moods presented in the music. As 
such, it is advocated that these two types of entrainment 
should be referred to using a more specialized 
terminology – ‘physiological entrainment’ and ‘emotional 
entrainment’ respectively. It also argued that the iso 
principle – an established music-based technique for the 
targeted shifting of emotional states – can be applied not 
only to emotional entrainment interventions, but can 
also be translated to physiological entrainment 
interventions. 4. Implications: This research will aid 
future musical entrainment interventions by providing a 
clear method for the selection or composition of the 
most effective and appropriate music for this purpose. 
Standardizing music selection in this way will contribute 
to the improvement of the reliability of studies, and thus 
will aid in enhancing future research in this field. 

Seacliff D -  12:00 

The impacts of music-supported 
rehabilitation on auditory evoked 
magnetic fields in single stroke 
cases 
Claudia Freigang*, Rotman Research Institute; 
Takako Fujioka, Stanford University; Bernhard 
Ross, Rotman Research Institute 

Stroke is the main cause for adult disability, leading to 
the loss of motor skills. A recently developed therapy, 
music-supported rehabilitation (MSR), utilizes goals of 
music-making activities with percussion and keyboard 
instruments to improve motor abilities in stroke patients, 
and the respective results have been promising. Multiple 
studies have shown that musical training leads to 
neuroplastic changes in auditory and motor domains. 
The effect of MSR on the auditory system is not clear yet. 
The present study investigated the effect of MSR on 
auditory cortical processing in chronic stroke patients by 
means of magnetoencephalography (MEG) recordings by 
examining mismatch negativity (MMN) of auditory 
evoked fields (AEF). Lesion size and location varies largely 
across stroke patients, thus we evaluated the outcome of 
MSR and a conventional therapy (CT) for single cases. 29 
patients participated in MSR or CT for 15 or 30 times of 
one-on-one 1-hour session with a therapist. We 
administered our test battery at three/four time points: 
before training, after 15h or 30h of training, and 3 
months after the last training session. The test battery 
consisted of MEG recordings and behavioural tests. MEG 
recordings entailed: (a) Presentation of single complex 
tones to obtain standard AEF responses; and (b) passive 
and active oddball tasks to extract MMN responses. 
Previous studies found improved MMN responses after 
musical training. We hypothesized that MMN will change 
in the patients receiving MSR, but not in those receiving 
CT. Behavioural tests assessed auditory, motor and 
cognitive performance. The different lesion locations 
revealed a large variability on AEF responses to a single 
complex tone. Thus, we discuss the results of MSR-
dependent changes in AEFs and motor abilities based on 
lesion side. Motor rehabilitation will be discussed for 
single stroke cases by comparing the outcomes for MSR 
and CT. Limitations in evaluating AEFs in stroke patients 
will also be discussed. 

Seacliff D -  12:15 

Neuroimaging and therapeutic use 
of psychedelic drugs and music 
Mendel Kaelen*, Imperial College London; 
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Romy Lorenz, Imperial College London; Anna 
Simmonds, Imperial College London; Leor 
Roseman, Imperial College London; Alexander 
Lebedev, ; David Nutt, Imperial College London; 
Robin Carhart-Harris, Imperial College London 
Therapeutic potentials of psychedelic drugs such as LSD 
and psilocybin are being re-examined today with 
promising results. During psychedelic therapy patients 
typically listen to music, which is considered an 
important element to facilitate therapeutic experiences, 
often characterized by profound emotion. Underlying 
mechanisms have however never been studied. Aims: 
Studies aimed 1) to understand how music and 
psychedelics work together in the brain, and 2) how their 
combination can be therapeutic. Method: 1) The 
interaction between LSD and music was studied via a 
placebo-controlled functional magnetic resonance 
imaging (fMRI) study. 20 healthy volunteers received LSD 
(75mcg) and, on a separate occasion, placebo, before 
scanning under resting conditions with and without 
music.  Changes in functional and effective connectivity 
were assessed, alongside measures of subjective 
experience. In addition, it was studied how LSD alters 
how the brain processes acoustic features (timbre, 
tonality and rhythm). 2) In a clinical trial, psilocybin was 
used to treat 20 patients with major depression. Semi-
structured interviews assessed the therapeutic role of 
music, and fMRI scanning before and after treatment 
assessed enduring changes in music-evoked emotion. 
Results: 1) Compared to placebo, changes in functional 
and effective connectivity were observed during LSD in 
response to music, including altered coupling of the 
medial prefrontal cortex (mPFC) and parahippocampus. 
These changes correlated with subjective effects, 
including increased mental imagery. 2) Music influenced 
the therapeutic experience in several ways, including 
enhancing emotion. Altered functional connectivity in 
response to music after treatment was associated with 
reductions in depressive symptoms. Conclusions: These 
findings suggest plausible mechanisms by which 
psychedelics and music interact to enhance subjective 
experiences that may be useful in a therapeutic context. 

Composition & Improvisation 1 
Session Chair:Andrew Goldman  

Bayview A -  14:00 

Patterns of Complexity in 
Improvisational Jazz Performance 
Ashley Walton*, University of Cincinnati; Auriel 
Washburn, University of Cincinnati; Peter 
Langland-Hassan, University of Cincinnati; 
Anthony Chemero, ; Michael Richardson, 
University of Cincinnati 
Interpersonal coordination is key for successful musical 
performance, demanding the collective synchronization 
of auditory and kinesthetic dimensions with respect to 
both the musical structure and the actions of co-
performers. A fundamental aspect of such interaction is 
the bodily coordination that occurs among musicians. 
Fractal analyses provide a measure of complexity for 
such behavior, quantifying the self-similarity, or long-
term correlations in movement time series. High degrees 
of self-similarity have been observed in a wide array of 
natural processes including heart rate variability and gait 
patterns, and are also exhibited in the structured 
evolution of inter-beat-interval timing and hand 
movements during musical performance. Additionally, 
previous work has established that the fractal structure, 
or complexity of movements is influenced by 
environmental constraints, and that there is often an 
association between the movement complexity exhibited 
by co-actors during interaction. This study examines how 
the complexity of musicians’ movements changes as a 
function of the musical context, as well as how the 
complexity of their movements varies with that of their 
co-performers. Pairs of pianists improvised with different 
backing tracks (i.e., with high or low levels of harmonic 
and rhythmic structure), providing contrasting levels of 
constraint on performance. Results revealed more self-
similarity in the musicians’ left arm and head movements 
for the backing track with less structure, while 
movements produced during performance with the more 
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structured backing track were characterized by less self-
similarity. An assessment of the relationship between the 
self-similarity of the performer’s movements was also 
examined in order to understand the need for complexity 
matching vs. complementarity during musical 
interaction. Lastly, listener evaluations will provide 
information about how reciprocal playing behavior 
relates to the aesthetic value of a performance. 

 
Bayview A -  14:30  
 
The effect of intensive jazz 
improvisation instruction on 
measures of executive function in 
middle school band students 
Martin Norgaard*, Georgia State University; 
Heston McCranie, Georgia State University 
Research shows that active music instruction with K-12 
populations may enhance academic achievement. This 
enhancement may be due to better auditory processing 
in students who participate in music. We believe there 
are additional possible advantages to active music 
instruction with a focus on musical improvisation. 
Improvisation involves combining discrete elements 
(notes, musical figures) in real time following musical 
rules. In addition, improvisers plan architectural features 
of upcoming passages and evaluate whether the played 
output corresponds to these plans. The evaluation 
process also identifies errors in note choices that may 
not comply with the given tonal and rhythmic context. 
Therefore, we hypothesize that students who participate 
in intensive jazz improvisation instruction exhibit 
enhanced general cognitive abilities on measures related 
to inhibition, cognitive flexibility, and working memory. 
We are testing this hypothesis in an ongoing longitudinal 
study in which middle school students in a large 
suburban band program complete cognitive tests before 
and after receiving intensive jazz improvisation 
instruction. Initial between-subjects results show that 
students with improvisation experience (N=24) make 
significantly fewer errors on the Wisconsin Card Sort Task 
(M=11.9, % perseverative errors) than a control group 

(M=14.7, N=141). However, there were no significant 
differences between the two groups in measures of 
cognitive inhibition and working memory performance. 
We are currently engaging a much larger group in 
intensive jazz instruction (N=70). Results of these within-
subjects pre/post tests will be available by the time of 
the proposed presentation. We believe this is the first 
investigation of far-transfer effects of music 
improvisation instruction. 

 
Bayview A -  15:00  
 
Jazz Improvisation as a Model of 
the Creative Process: Heightened 
Perceptual Awareness and 
Sensitivity 
Psyche Loui*, Wesleyan University; Emily 
Przysinda, Wesleyan University; Tima Zeng,  
The process of creativity entails the production of novel 
and original work that takes into account the domain, the 
field, and the creator (Csikszentmihalyi, 1996). Here we 
report recent theoretical and empirical advances on jazz 
improvisation as a model for understanding the process 
of creativity. We propose a framework by which 
musicians can learn to become creative improvisers via 
simultaneous perceptual, cognitive, and social 
engagement. These learning processes translate to 
gaining active experience with musical structures (such 
as scales and chords), exposure to established works in 
the field, and ensemble improvisation with musical 
peers. Empirically we compare jazz musicians, classical 
musicians, and nonmusicians in a battery of 
psychophysical and EEG tasks. The psychophysical task 
(modified from Navarro Cebrian and Janata (2010)) 
entails perception and imagery of different musical 
scales, where participants’ task is to judge whether the 
final pitch is too high, too low, or in tune. Jazz musicians 
show higher accuracy and a steeper psychometric 
function, suggesting heightened sensitivity to mistuned 
pitches given a tonal context. The EEG task (modified 
from Koelsch, Gunter, Friederici, and Schroger (2000)) 
compares expected, slightly unexpected, and highly 
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unexpected chord progressions while participants rate 
the pleasantness of each chord progression. Given this 
explicit judgment task we see that the P300, an ERP 
component known to reflect explicit awareness and 
target processing, is enlarged during unexpected tonal 
harmonies for jazz musicians, and furthermore its 
amplitude is positively correlated with the length of 
musical training. Taken together, our central theme is 
that the process of improvisation requires heightened 
awareness of, and sensitivity to, tonal possibilities within 
a musical context, which allow the individual to generate 
novel sequences that are acceptable but original within 
the domain of jazz music. 
 
 

Music & Personality 1 
Session Chair:Birgitta Burger 
 
Bayview B -  14:00  
 
The association of music aptitude 
and personality in 10- to 12-year-
old children and adults 
Franziska Degé*, Justus-Liebig-University; 
Gudrun Schwarzer, Justus-Liebig-University 
There is empirical evidence of an association between 
music lessons and personality in children and adults. For 
older children and adults, personality (openness, 
conscientiousness) predicts who takes music lessons and 
for how long (Corrigall et al., 2013). For younger children, 
parent’s personality (openness) predicts duration of 
music training (Corrigall & Schellenberg, 2015). Although 
such associations between music lessons and personality 
have been found, relations between music aptitude and 
personality has not been addressed. Hence, our aims 
were to test whether personality is associated with music 
aptitude as well as with music lessons, whether these 
associations show a similar pattern, and whether results 
were comparable in 10- to 12-year-old children and 
adults. We tested 42 (14 male) children (age: M = 10.91 
years, SD = 0.76 years) and 31 (12 male) adults (age: M = 

23.77 years, SD = 3.96 years). We measured as control 
variables IQ (CFT 20R) and socioeconomic status and as 
criterion measures music aptitude (AMMA), music 
lessons, and personality (BFI). For children and adults no 
significant correlations between control variables and 
criterion variables were found (ps > .10). Therefore, 
control variables were not included in main analyses. The 
child data showed a significant association between 
music aptitude and agreeableness (r = .34, p = .03). 
Furthermore, music lessons were significantly related to 
openness (r = .33, p = .04). The adult data revealed a 
significant association between music aptitude and 
openness (r = .35, p = .05) as well as a significant relation 
between music lessons and openness (r = .36, p = .04). 
We conclude that both music aptitude and music lessons 
are associated with personality. However, children and 
adults differ in personality factors that are linked to 
music aptitude, but not the ones linked with music 
lessons. Openness seems to play a crucial role in 
associations between personality and music lessons as 
well as music aptitude. 

 
Bayview B -  14:30  
 
MUSEBAQ: A psychometrically 
robust questionnaire for capturing 
the many voices of music 
engagement. 
TanChyuan Chin, University of Melbourne; Nikki 
Rickard*, Monash University; Eduardo 
Coutinho, University of Liverpool; Klaus Scherer, 
University of Geneva 
Engagement with music is complex, influenced by music 
training and capacity, affective style, music preferences, 
and motivations.  Methods to assess music engagement 
have included auditory tests, psychometric 
questionnaires and experience sampling methods.  
Limitations of previous research however, include: an 
absence of a comprehensive measure that assesses 
multiple aspects of music engagement; limited evidence 
of psychometric properties; and a bias towards equating 
‘engagement’ with formal music training, overlooking 
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other forms of strong music engagement.  In this paper, 
we describe a newly developed and psychometrically 
tested modular instrument which assesses a diverse set 
of music engagement constructs.  The MUSEBAQ can be 
administered in full, or by module as relevant for specific 
purposes.  In 3 separate studies, evidence was obtained 
from over 3000 adults (aged 18-87; 40% males) for its 
structure, validity and reliability.  Module 1 
(Musicianship) provides a brief assessment of formal and 
informal music knowledge and practice.  Module 2 
(Musical Capacity) measures emotional music sensitivity 
(α=.90), listening sophistication (α=.76), indifference to 
music (α=.59), music memory and imagery (α =.81) and 
personal commitment to music (α=.80).  Module 3 
(Music Preferences) classifies preferences into six broad 
genres - rock or metal, classical, pop or easy listening, 
jazz, blues, country or folk, rap or hip/hop, dance or 
electronica.  Online administration uses adaptive 
reasoning to selectively expand sub-genres, while 
minimizing time demands.  Module 4 (Reasons for Music 
Use) assesses seven motivations for using music; musical 
transcendence (α=.90), emotion regulation (α=.94), 
social, music identity and expression (α=.90), background 
(α=.80), attention regulation (α=.69), and physical 
(α=.71).  The comprehensiveness, yet flexibility, of the 
MUSEBAQ makes it an ideal questionnaire to use in 
research requiring a robust measure of music 
engagement.     

Bayview B -  15:00 

Personality and musical preference 
using crowd-sourced excerpt-
selection 
Emily Carlson*, University of Jyväskylä; Pasi 
Saari, University of Jyväskylä; Birgitta Burger, 
University of Jyväskylä; Petri Toiviainen, 
University of Jyväskylä 
Music preference has been related to individual 
differences like social identity, cognitive style, and 
personality, but preference can be difficult to quantify. 
Self-report measures may be too presumptive of shared 

genre definitions between listeners, while listener-
ratings of expert-selected music may fail to reflect typical 
listeners’ genre-boundaries. The current study aims to 
address this by using a crowd-tagging to select music for 
studying preference. For the current study, 2407 tracks 
were collected and subsampled from the Last.fm crowd-
tagging service and the EchoNest platform based on 
attributes such as genre, tempo, and danceability. The 
set was further subsampled according to tempo 
estimates and metadata from EchoNest, resulting in 48 
excerpts from 12 genres. Participants (n=210) heard and 
rated the excerpts, rated each genre using the Short Test 
of Music Preferences (STOMP), and completed the Ten-
Item Personality Index (TIPI). Mean ratings correlated 
significantly with STOMP scores (r =.37-.83, p<.001), 
suggesting that crowd-sourced genre ratings can provide 
a fairly reliable link between perception and genre-labels. 
PCA of the ratings revealed four musical components: 
‘Danceable,’ ‘Jazzy.’ ‘Hard,’ and ‘Rebellious.’ Component 
scores correlated modestly but significantly with TIPI 
scores (r =-.14-.20, p <.05). Openness related positively 
to Jazzy scores but negatively to Hard scores, linking 
Openness to liking of complexity. Conscientiousness 
related negatively to Jazzy scores, suggesting easy-going 
listeners more readily enjoy improvisational styles. 
Extraversion related negatively to Hard scores, 
suggesting extroverts may prefer more positive valences. 
Agreeableness related negatively to Rebellious scores, in 
line with agreeable peoples’ tendency towards 
cooperation. These results support and expand previous 
findings linking personality and music preference, and 
provide support for a novel method of using crowd-
tagging in the study of music preference.  

Memory & Music 1 
Session Chair:Sandra Trehub 

Marina -  14:00 

Musical structure as a hierarchical 
retrieval organization:  Serial 
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position effects in memory for 
performed music 
Jane Ginsborg*, Royal Northern College of 
Musi; Roger Chaffin, University of Connecticut; 
Alexander  Demos, University of Illinois; James 
Dixon, University of Connecticut 
When musicians first learn pieces of music, serial cuing 
activates memory for what follows as each passage 
played or sung is linked to the next. During 
memorization, serial memory is overlaid with different 
types of performance cue (PCs) enabling musicians to 
recall a specific passage, independent of musical context, 
simply by thinking of it, e.g., “coda”.  The locations of 
retrieval cues can be identified by the presence of serial 
position effects in free recall. We looked for such effects 
in the written recall of an experienced singer (the first 
author) who wrote out the score of a song memorized 
for public performance six times over a period of five 
years. The singer recorded all of her practice. After the 
performance she marked the locations of phrases and 
sections in the score, and the locations of the PCs that 
she had used. Previously, we have reported how serial 
position effects for PCs were different for different types 
of PC. Here, we use logistic and growth-curve mixed 
models to examine how serial position effects for PCs 
were affected by practice, showing how recall changed 
over time for better and worse. Initially, recall was 
perfect. Fourteen months after the performance, there 
was a normal primacy effect at Expressive PCs marking 
musical feelings, and an inverse primacy effect at Word 
PCs marking nuances of stress and pronunciation. By the 
time of the last recall, five years after performance, these 
effects had reversed. The normal effect for Expressive 
PCs became inverse, and vice versa for Word PCs; and 
there was also an inverse effect for Basic PC marking 
details of technique such as breathing.  PCs acted as 
retrieval cues, providing content addressable access to 
an associatively chained memory and countering the 
effect of weakening links between passages. The 
direction of primacy effects depended on the salience of 
each type of PC, which changed over time with the 
singer’s interest in the piece, initially as performer and 
later as researcher. 

Marina -  14:30 

How accurate is implicit memory 
for the key of unfamiliar melodies? 
E. Glenn Schellenberg*, University of Toronto; 
Michael Weiss, University of Toronto 
Musically untrained listeners remember the key of 
previously unheard melodies, but the key manipulations 
in earlier research were large (6 semitones). Our present 
goal was to document the accuracy of implicit memory 
for key. Our 24 stimulus melodies were taken from the 
vocal lines of unknown Broadway songs and presented in 
piano timbre. Each was saved in five different keys. The 
standard (lowest) key had a median pitch of G4. Other 
versions had a median pitch 1, 2, 3, and 6 semitones (ST) 
higher than the standard. Musically untrained 
participants were tested in one of four conditions (1, 2, 3, 
and 6 ST) based on the magnitude of the key change. 
Before the experiment began, listeners learned that key 
is irrelevant to a melody’s identity. During an exposure 
phase, listeners heard 12 of 24 melodies (selected 
randomly): 6 in the standard key, 6 in the higher key. 
After a 10-min break, they heard all 24 melodies. The 12 
new melodies were divided equally among the standard 
and higher keys. Six of the 12 old melodies were 
presented in the original key. The other six were 
transposed from the standard to higher key, or from the 
higher to the standard key. Listeners rated how confident 
they were that they had heard the melody in the 
exposure phase. Across conditions, ratings were much 
higher for old than new melodies, indicating that the 
melodies were remembered well. Memory for old 
melodies was also superior when they were re-presented 
in the original key, indicating memory for key. This 
original-key advantage was evident in the 2, 3 and 6 ST 
conditions. It disappeared, however, in the 1 ST 
condition. Overall recognition (ignoring the key change) 
was also better in the 1 and 2 ST conditions than in the 3 
and 6 ST conditions. Implicit memory for the key of 
previously unfamiliar melodies is remarkably accurate. 
The findings also suggest that memory for a corpus of 
novel melodies is superior when the overall pitch range is 
restricted.  
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Marina -  15:00 

Effects of performance cues on 
expressive timing 
Tania Lisboa*, Royal College of Music; 
Alexander  Demos, University of Illinois; Kristen 
Begosh, University of Connecticut; Roger 
Chaffin, University of Connecticut 
Background: Performance cues (PCs) are the landmarks 
of a piece of music that a performer attends to during 
performance. Experienced performers strategically select 
aspects of the music to attend to during performance in 
order to achieve their musical and technical goals; these 
are their PCs. While most aspects of performance 
become automatic with practice, PCs provide musicians 
with a means of consciously controlling the otherwise 
automatic motor sequences required in performance.   
Aim & Method: Support for this claim comes from a 
longitudinal case study in which an experienced cellist 
(the first author) recorded her practice as she learned 
the Prelude from J.S. Bach’s Suite No. 6 for solo cello 
over a two-year period. In addition to recording 35+ 
hours of practice, she also recorded 21 practice, 7 live, 
and 8 “lab” performances in which the cellist played with 
normal or minimal expression. We have previously 
reported that playing during these performances was 
consistently slower at expressive and interpretive PCs. In 
the present study, we examined the effects of PCs on the 
bar-to-bar tempo of the eight lab performances.  Results 
& Conclusions: Slowing occurred at expressive and 
interpretive PCs and these effects were larger in normal 
than in non-expressive lab performances, suggesting that 
they were not due to problems with memory retrieval. 
Also, tempo varied across performances more at 
expressive and interpretive PCs than at other locations in 
the piece; and for interpretive PCs this effect was also 
larger in normal than in non-expressive performances. 
These effects suggest that PCs allow musicians to 
introduce spontaneity and variety to their performances 
by providing the means to modulate the highly practiced, 
automatic motor sequences required to perform reliably 
in public.  

Music Performance 1 
Session Chair:Theodore Zanto 

Seacliff D -  14:00 

Out of sight, into mind. 
Jonathan Govias*, UNC Charlotte 
Synchrony, as applied to music, is typically defined as the 
capacity of musicians to maintain rhythmic precision in 
performance. Without exception, the current research 
on the topic of musical synchrony accepts the need for 
visual contact between all performers involved. The 
presentation proposed herein challenges that base 
assumption. Under the premise that music is an auditory 
art, the project investigates the hypothesis that all acts of 
synchrony, be they:  the simultaneous onset and release 
of notes; the initial establishment of tempo; deliberate 
acts of tempo modifications and fermatas or other 
unmeasured musical events; can be executed without 
visual communication but through non-verbal auditory 
cues alone. To test this hypothesis, a quartet was 
assembled ad hoc to rehearse and perform the Dvořák 
Bagatelles Op. 47. After 2 rehearsals in conventional 
inward-facing configuration, the remaining rehearsals 
and subsequent performances were executed in a “back-
to-back” configuration with all musicians facing 
outwards, deprived of any visual contact with each other. 
Approximately 18 hours of rehearsal and performance 
were audio and video recorded for analysis. Audio from 
an “unsighted” performance was then contrasted with 
audio from a “sighted” performance of the work by the 
same musicians, with both samples, unidentified by 
performance process, evaluated by qualified external 
referees. As an outcome, the “unsighted” quartet was 
able to achieve levels of synchrony indistinguishable 
from or occasionally superior to the same quartet in an 
inward-facing configuration. The experiment also 
revealed the critical role physical motion plays as a 
means of achieving synchrony for musicians even when 
in the “unsighted” configuration. The results challenge 
the perceived need for the traditional directive or visual 
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style of ensemble leadership, and offer music educators 
new possibilities and tools for facilitating group musical 
action for both musical and social outcomes. 

 
Seacliff D -  14:30  
 
Movement effector training and 
musical expertise heighten 
temporal detection abilities 
Fiona Manning*, McMaster University; Anna 
Siminoski, McMaster University; Michael 
Schutz,  
Sensorimotor integration is typically studied using finger 
tapping studies. However, synchronizing movements 
with an external pacing signal using a drumstick is both 
more synchronous and less variable that is finger 
tapping, particularly for percussionists. This raises 
questions about the degree to which musicians rely on 
trained movements for internal timing representations of 
external auditory information. In the present set of 
studies, musicians of different instrumental groups 
completed a timing detection task wherein each group 
was required to identify temporal deviations after 
synchronizing with motor effectors consistent with their 
training, with finger tapping or tapping with a drumstick. 
We found that while musicians synchronized with a large 
degree of consistency using training-specific movement, 
they were most consistent while tapping with a 
drumstick. The consistency of these movements 
extended to temporal detection abilities, where 
musicians were more accurate in detecting temporal 
deviations in an external stimulus when trained 
movements accompanied the stimulus, and were most 
accurate with stick tapping movements. We suggest that 
movement offering more sensory feedback leads to more 
consistent internal timing representation, regardless of 
training. However, training consistent movements 
appear to also aid with timing detection abilities. These 
findings expand current thinking surrounding motor 
training and musical expertise, and how the consistency 
of movement timing can improve predictive timing 
abilities.  

 
 

Music & Language 2 
Session Chair:Aniruddh Patel 
 
Bayview A -  15:30  
 
Musical ability predicts adaptation 
to foreign-accented speech 
L. Robert Slevc*, University of Maryland, Colleg; 
Paulina Arango, Universidad de Los Andes; 
Mary Dumler, University of Maryland, College 
Park 
Musical ability is associated with advantages in speech 
processing, including better ability to understand speech 
in noise and higher proficiency in second-language 
phonology. Musicians also outperform non-musicians 
when learning non-native speech sound contrasts, such 
as Mandarin lexical tones. This study investigates 
whether these advantages in speech sound learning 
extend to non pitch-based aspects of phonology by 
investigating how musical ability relates to a common 
type of speech sound learning: adapting to a foreign 
accent.  In this task, participants heard English words in 
heavily accented speech (e.g., “bowl”) and then clicked 
on a corresponding target picture (of a bowl). Even when 
correctly choosing the target, the extent to which 
listeners’ mouse movements deviate toward a 
competitor picture (of a ball), reveals their uncertainty 
about which vowel the speaker intended (/o/ or /ɔ/). We 
asked if accent adaptation (reflected in reduced 
deviations toward competitor pictures) is related to 
musical ability (assessed with the Musical Ear Test; 
Wallentin et al., 2010) and to basic auditory acuity 
(assessed with perceptual thresholds for pitch and 
temporal order).  Listeners (N=83, 50 musicians) 
responded to a baseline block of accented words, then a 
set of accented sentences, in which contextual 
information provided an opportunity to learn how the 
speaker produces English phonemes. Listeners then 
responded to a post-exposure set of accented words. 
Participants who scored better on the Musical Ear Task 
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showed a greater reduction in deviation from targets 
(i.e., less “pull” toward the distractor) after exposure to 
the speaker’s dialect, even after controlling for 
handedness, bilingualism, degree of exposure to 
different dialects, and perceptual discrimination 
thresholds. These data show that musical ability is 
related to the ability to adapt to non-native speech, and 
that this relationship is not simply a function of 
perceptual acuity. 

 
Bayview A -  15:45  
 
Music training correlates with 
visual but not phonological foreign 
language learning skills 
Peter Martens*, Texas Tech University; Kimi 
Nakatsukasa, ; Hannah Percival, Texas Tech 
University 
Recent studies in music psychology have reported a 
positive effect of musical training on the development of 
a child’s first language.  We hypothesize that a similar 
effect will exist for foreign language (L2) learning. In 
Study 1, two groups of subjects were matched in terms 
of age and gender; the musician group (N=10) consisted 
of students in music performance majors, while the non-
musician group (N=7) consisted of non-music students 
with little or no musical training.  All subjects completed 
the Language Learning Aptitude Measure (LLAMA; 
Maera, 2005).  Results showed a strong effect of musical 
training on learning novel lexical items by sight (d = 
1.992) and in relating sounds to a writing system (d = 
2.48); the effect on visual grammatical rule inference was 
moderate. There was a relatively small negative effect on 
sound recognition in an artificial language (d = -.76). 
Study 2 was conducted on a general college-age 
population possessing wide spectrum of musical training 
(N=18).  The Advanced Measures of Music Audiation test 
(AMMA; Gordon, 1989) was administered to these 
subjects, yielding scores in tonal, rhythmic, and overall 
musical aptitude.  After a week washout period these 
subjects also completed the LLAMA battery as in Study 1.  
Preliminary results indicate relationships very similar to 

those found in Study 1, with moderate correlations 
between AMMA tonal aptitude and LLAMA novel lexical 
item learning and grammatical rule inference tasks.  No 
correlation was apparent between AMMA scores and the 
LLAMA sound recognition task, while AMMA rhythmic 
aptitude also correlated positively with LLAMA’s 
grammatical rule inference task. The findings suggest 
that musical training and aptitude relate positively to 
visual aspects of foreign language learning. In light of 
prior research (e.g. Slevc & Miyake, 2006), they also 
suggest that music’s effect on phonological ability may 
depend on the task (e.g. perception of discriminatory 
phonemes vs. sound recognition).    
 
 

Music & Neuroscience 1 
Session Chair:John Iversen 
 
Bayview B -  15:30  
 
Effect of musical training on 
auditory perception in older 
adults. 
Ella Dubinsky*, Ryerson University; Gabriel 
Nespoli, Ryerson University; Lauren Smith, 
Ryerson University; Paolo Ammirante, Ryerson 
University; Frank Russo, SMART Lab, Ryerson 
University 
Hearing loss, which most adults will experience to some 
degree as they age, is associated with increased risk of 
cognitive impairment and decreased quality of life. 
Musicianship has been shown to improve aspects of 
auditory and cognitive processing, but has not been 
studied as a short-term intervention for improving these 
abilities in older adults. The current study investigates 
whether short-term musical training can improve three 
aspects of auditory processing: perception of speech in 
noise, pitch discrimination, and the neural response to 
brief auditory stimuli (frequency following response; 
FFR). This study also examines several measures of 
cognition – working memory and inhibitory control of 
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attention – in order to explore the extent to which gains 
in auditory perception might be related to improvements 
in cognitive abilities. Thirty-two older adults (aged 50+) 
participated in a choir for 10 weeks, during which they 
took part in group singing (2 hours/week) supported by 
individual online musical training (1 hour/week). Choir 
participants (n=32) and an age-matched control group 
(n=20) underwent pre- and post-training assessments, 
conducted during the first week of the choir and again 
after the last week. Cognitive and auditory assessments 
were administered electronically, and the FFR was 
obtained using electroencephalography (EEG). 
Preliminary statistical analyses showed that choir 
participants improved across all auditory measures, while 
the control group showed no differences. As well, choir 
participation resulted in higher scores on a non-auditory 
attention task, suggesting that musical training can lead 
to cognitive changes outside the auditory domain. A 
correlational analysis demonstrated that older adults 
with increased hearing loss achieved greater gains as a 
result of this intervention. These findings support our 
hypothesis that short-term choir participation is an 
effective intervention for perceptual and cognitive 
aspects of age-related hearing loss. 
 

Bayview B -  15:45  
 
Experience of  sound making 
changes neuromagnetic responses 
in perception 
Bernhard Ross*, Rotman Research Institute; 
Masih Barat, ; Takako Fujioka, Stanford 
University 
Brain processes underlying sound perception are 
different when passively listening or being actively 
involved in sound making such as in music. During the 
action-perception cycle of sound making, auditory and 
sensorimotor areas interact closely, thus integrating 
multimodal sensory feedbacks into subsequent action 
planning and execution. Auditory evoked responses 
during sound making such as vocalization are attenuated 
compared to passively listening to same recorded sound. 
Similar movement-related response suppression had 

been found for sound making actions with instruments.  
In addition to showing suppressed auditory brain 
responses while making sound, our hypothesis was that 
newly engaged action-perception connections would 
affect how we interpret the sound during subsequent 
listening. Eighteen young healthy adults participated in 
three magnetoencephalography (MEG) sessions while (1) 
passively listening to the recorded sound of a chime, (2) 
actively making sounds on a chime, and (3) listening 
again to the recorded sounds.   In MEG data analysis, we 
localized sources of auditory brain responses in the 
bilateral auditory cortices, and projected the MEG signals 
into time series of left and right auditory cortex activity. 
Averaged auditory evoked responses recorded during 
passive listening showed typical P1, N1, and P2 peaks at 
50 ms, 100 ms and 200 ms after sound onset and a 
sustained wave according to the duration of the lingering 
chime sound. During sound making, we observed similar 
P2 and sustained responses, while the N1 response was 
substantially attenuated. Comparison of brain activity 
during naive and experienced listening showed an 
increase in the P2 response and emerging beta activity 
after sound making.  Previous studies found that the P2 
response and beta oscillations are specific to perception 
rather sensation of sound. Thus, we discuss the 
experimental results as objective indicator of short-term 
experience induced neuroplastic changes of perception. 

 
Bayview B -  16:00  
 
Cortical and Brainstem responses 
to sounds presented on the strong 
and weak beats 
KYUNG MYUN LEE*, KAIST; Kyogu Lee, 
Graduate School of Convergence Science and 
Technology, Seoul National University; Il Joon 
Moon, Samsung Medical Center 
According to dynamic attending theory, attention 
allocated to metrically strong beats facilitates auditory 
perception of sounds. Enhanced cortical auditory 
processing at times of high metric strength was 
evidenced by heightened N1 and P2 peaks in ERP 
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research. However, very little is known about how the 
subcortical processing of sounds is influenced by rhythm 
perception. A previous study showed that the auditory 
brainstem responses (ABRs) were enhanced when 
sounds were aligned with the beat of music, compared to 
shifted away from the beat, but it remains to be explored 
how the subcortical processing of sounds is different 
among various metrical positions. By measuring and 
comparing both subcortical and cortical responses to 
four different beats of the quadruple meter, this study 
examined how early auditory processing could be 
modulated by temporal attention driven by the 
quadruple meter. In order to prime the quadruple meter, 
a sinusoidal four-tone sequence composed of A7 
(3520Hz), A6 (1760Hz), A6 (1760Hz), and A6 (1760Hz) 
(500ms IOI) was repeatedly played, while a short speech 
sound, /da/, was simultaneously presented every 500ms. 
ABRs and P1 responses to the speech sound, /da/, were 
measured and compared among four different beat 
positions. The result showed that the onset latencies and 
amplitudes of ABRs were not significantly different 
among four beats, whereas P1 was significantly reduced 
on the strong beat. The results indicate that the effects 
of temporal attention guided by the quadruple meter is 
robust only on the cortical level and the details of metric 
strength is not reflected on the subcortical processing of 
sounds.  

Bayview B -  16:15 

Auditory Brain Oscillations during 
the Perception and Imagery of 
Musical Pitch 
Rebecca Gelding*, Macquarie University; 
William Thompson, ; Blake Johnson,  
The Pitch Imagery Arrow Task (PIAT; Gelding et al., PLOS 
ONE, 2015) was designed to reliably induce pitch imagery 
in individuals with a range of musical training. The 
present study used the PIAT to investigate the effects of 
pitch imagery on intrinsic brain rhythms measured with 
magnetoencephalography (MEG). Participants were 19 
healthy adults whose musical expertise ranged from 
novice to professional musicians. Participants performed 

the pitch imagery task with a mean accuracy of 80.2% 
(SD = 14.9%). Brain sources were modeled with bilateral 
auditory cortical dipoles. Time-frequency analyses 
revealed prominent experimental effects on auditory 
cortical beta-band (15-30 Hz) rhythms, which were more 
strongly desynchronized by musical imagery than by 
musical perception. Such effects in the beta band may 
reflect a mechanism for coordinating auditory and motor 
processing of temporal structure in music (Fujioka et al. J 
Neurosci 2015). In addition, cortical oscillations showed a 
marked relationship to a psychometric measure of 
musical imagery. Specifically, the magnitude of cortical 
oscillations in the high gamma band (60-80 Hz) was 
significantly and inversely related to auditory 
manipulation scores measured by the Bucknell Auditory 
Imagery Scale Control (BAIS_C) (Halpern, PMMB, 2015) 
which evaluates the degree of mental control that 
individuals perceive they have over their imagery. 
Gamma band activity reflects the recruitment of 
neuronal resources in auditory cortex, and the observed 
negative correlation is consistent with the interpretation 
that pitch imagery is a less effortful process for those 
who self-report higher mental control. These results add 
to a growing body of evidence that intrinsic brain 
oscillations play crucial roles in supporting our ability to 
mentally replay or create music through musical imagery. 

Memory & Music 2 
Session Chair:Roger Dean 

Marina -  15:30 

A non-musician with severe 
Alzheimer’s Dementia learns a 
new song 
Amee Baird*, Macquarie University; Heidi 
Umbach, ; William Thompson,  
The hallmark symptom of Alzheimer’s Dementia (AD) is 
impaired memory, but memory for familiar music can be 
relatively spared. We investigated whether a non-
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musician with severe AD could learn a new song and 
explored the mechanisms underlying this ability. NC, a 91 
year old woman with severe AD (diagnosed 10 years ago) 
who loved singing but had no formal music training, was 
taught an unfamiliar Norwegian tune (sung to ‘la’) over 3 
sessions. We examined (1) immediate learning and recall, 
(2) 24 hour recall and re-learning and (3) 2 week delayed 
recall. She completed standardised assessments of 
cognition, pitch and rhythm perception, famous melody 
recognition and a music engagement questionnaire 
(MEQ, informant version), in addition to a purposefully 
developed two word recall task (words presented as song 
lyrics, a proverb or as a word stem completion task). She 
showed impaired functioning across all cognitive 
domains, especially verbal recall (0/3 words after 3 
minute delay). In contrast, her pitch and rhythm 
perception was intact (errorless performance of 6 items 
each) and she could identify familiar music. Her score on 
the ‘response’ (responsiveness to music) scale of the 
MEQ was in the superior range relative to healthy elderly 
participants. On the experimental tasks she recalled 0/2 
words that were presented in song lyrics or proverbs, but 
correctly completed both word stems, suggesting intact 
implicit memory function. She could sing along to the 
learnt song on immediate and delayed recall (24 hours 
and 2 weeks later, both video recorded), and with 
prompting could sing it alone. On objective ratings of 
pitch and rhythm accuracy during song recall she showed 
better recall of the rhythm. This is the first study to 
demonstrate preserved ability to learn a new song in a 
non-musician with severe AD. Underlying mechanisms 
may include intact implicit memory, superior 
responsiveness to music and increased emotional arousal 
during song compared with word learning.  

 
Marina -  15:45  
 
Vocal melodies are remembered 
better than piano melodies but 
sine-wave simulations are not 
Michael Weiss*, University of Toronto; Sandra 
Trehub, University of Toronto Mississauga; E. 

Glenn Schellenberg, University of Toronto 
Listeners remember vocal melodies (la la) better than 
instrumental melodies (Weiss et al., 2012, 2015a, b), but 
it is unclear which acoustic features are responsible for 
the memory advantage. To date, the instrumental 
timbres tested (piano, banjo, marimba) have had fixed 
pitches and percussive amplitude envelopes, in contrast 
to the voice, which incorporates dynamic variation in 
pitch and amplitude, rich spectral information, and 
indexical cues about the singer. In the present study, we 
asked whether artificial stimuli with voice-like pitch and 
amplitude variation could elicit a memory advantage like 
that observed with natural vocal stimuli. Vocal renditions 
from Weiss et al. (2012) were used as source materials 
for generating “sine-wave” renditions in PRAAT. 
Specifically, continuous pitch (fundamental frequency) 
and amplitude information were extracted from the 
natural vocal performances and applied to a continuous 
tone of equivalent duration. The resulting melodies 
sounded more like dynamic theremin performances than 
like human singing. In the familiarization phase, listeners 
heard 16 melodies (half natural or sine-wave voices, half 
piano) and rated their liking of each melody. Half of the 
listeners received naturally sung melodies and half 
received sine-wave versions (n = 30 per group). In the 
test phase, listeners heard the same melodies and 16 
timbre-matched foils, and they judged whether each was 
old or new on a 7-point scale (definitely new to definitely 
old). Listeners exhibited better memory for natural vocal 
melodies than for piano melodies (p = .012), as in 
previous research, but they performed no differently on 
sine-wave melodies and piano melodies  (p = .631). These 
findings suggest that dynamic pitch and amplitude 
information from singing, in the absence of natural vocal 
timbre, is insufficient to generate enhanced processing. 
Instead, such processing advantages may depend on the 
full suite of acoustic features that is unique to human 
voices.  

 
Marina -  16:00  
 
Perception of Leitmotives in 
Richard Wagner’s Der Ring des 
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Nibelungen 
David Baker*, Louisiana State University; Daniel 
Müllensiefen, Goldsmiths College 
Listeners naive to a musical genre are thought to process 
structures on the musical surface differently than experts 
familiar with the genre. However, only a small amount 
research has been done exploring claims of differences in 
musical processing abilities associated with expertise 
beyond musical training. In this paper, we investigate the 
perception of leitmotives in Wagner’s Der Ring des 
Nibelungen in an two experiments requiring listeners to 
recall musical material based on a short excerpt. We 
hypothesized that both individual differences as well as 
musical parameters of the leitmotives would contribute 
to the memory performance of the listeners. In the 
experiment participants (N=100 and N=30) listened to a 
ten minute excerpt from the opera Siegfried and 
completed a memory test to indicate which leitmotives 
they remembered hearing in the excerpt. The 
independent variables measured were musical training, 
German speaking ability, measures of Wagner affinity 
and knowledge , and the acoustic similarity determined 
chroma distance. As dependent variables participants 
provided ratings of implicit and explicit memory as well 
as affective ratings for each leitmotive in the memory 
test. A structural equation model of the data indicates 
that Wagnerism, a latent trait combining affinity to and 
knowledge of Wagner’s music is almost twice as strong 
as a predictor for participants’ leitmotive memory than 
musical training. Regression analysis of the musical 
parameters indicated that acoustic chroma was a 
significant predictor for the individual difficulty of 
leitmotives but subjective arousal ratings were not. 
Results suggest that stylistic expertise can be 
independent from general musical expertise and that 
stylistic expertise can contribute strongly to a listener's 
perception. We suggest that incorporating stylistic 
expertise into models of music cognition can account for 
differences in listeners’ performance scores and can thus 
make models of musical cognition more robust. 

Marina -  16:15 

Music Identification from Harmony 
Ivan Jimenez*, University of Pittsburgh; Tuire 
Kuusi, Sibelius Academy 
Earlier studies seem to indicate that harmony plays a 
relatively unimportant role in music identification tasks. 
However, identifying music from its harmony, although a 
difficult task, can inform our understanding of how 
listeners mentally represent and remember harmony. 
The present study is the first to examine the ability of 
listeners with varying musical expertise to identify well-
known classical and pop/rock pieces from their chords. In 
this study, well-known classical and pop/rock pieces 
selected in a pilot were used instead of traditional tunes 
because their chord progressions tend to be more 
distinctive and their different renditions often preserve 
the original harmony with little or no modifications. One 
hundred participants, divided into four groups according 
to musical expertise, listened to chord progressions of 
representative passages from 12 pieces and were asked 
to identify them. Two ways of modifying pitch 
information in the chord progressions were explored: (1) 
The progressions were played with piano tones and 
shepard tones, the latter diminishing the effect of 
melodic cues. (2) The progressions were played on six 
transpositional levels. In the second part of the 
experiment, the participants heard commercial 
recordings of the same pieces and were asked to identify 
them. The study showed that music identification from 
harmony in an open-set task is possible, even when 
melodic and rhythmic cues are largely missing. 
Additionally, both the timbre with which the chord 
progressions were played and the expertise of the 
participants were statistically significant factors for 
identification; the professionals being best. We found 
that stimuli using shepard tones were more difficult to 
identify than those using piano tones, and that the major 
part of the difference was explained by the downgrading 
of melodic cues, not by timbral associations. The 
differences between transpositions were not statistically 
significant. 

Cognitive Modeling of Music 1 
Session Chair:Joshua Albrecht 
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Seacliff D -  15:30  
 
Effects of the duration and the 
frequency of temporal gaps on the 
subjective distortedness of music 
fragments 
Kunito Iida*, Kyushu University; Yoshitaka 
Nakajima, Kyushu University; Kazuo Ueda, 
Kyushu University; Gerard Remijn, Kyushu 
University; Yukihiro Serizawa, Automobile R&D 
Center, Honda R&D Co., Ltd. 
The sound quality of car radios is often degraded by poor 
radio-wave reception.  Ways to estimate the qualities of 
sounds transmitted by radio are sought after. We 
attempted to establish a psychophysical way to evaluate 
the subjective distortedness of music in which some 
parts were interrupted, as is often the case in car radio 
sound. A magnitude estimation experiment was 
conducted.  Two music sources of about 5 s, classic and 
rock, were degraded by replacing some parts with 
temporal gaps.  The number of gaps per second was 2-
16, and the duration of each gap was 6-48 ms, with 17 
stimuli for each music source.  Twelve participants 
estimated the subjective distortedness of each stimulus, 
responding with a number above or equal to zero.  Zero 
meant that no distortion was perceived. The results 
showed that magnitude estimation turned out to be a 
reliable method to measure the subjective distortedness 
of music degraded by temporal gaps: the subjective 
distortedness was described as a power function (with 
exponent of about 0.7) of gap duration summed up per 
second. 
 
Seacliff D -  15:45  
 
Modeling audiovisual tension 
Morwaread Farbood*, New York University 
An experiment was conducted to examine the perception 

of audiovisual tension.  Subjects provided real-time 
tension judgments of 2’30” stimuli in one of three 
categories: visual animation with audio, visuals alone, or 
audio alone.  The animations consisted of random-dot 
kinematograms and the audio consisted of three 
excerpts taken from electronic art music.  The animations 
were described by changes in the features that were 
used to generate them: contrast, speed of motion, 
coherence of motion, and brightness. The musical 
excerpts were described in terms of loudness, pitch, 
onset frequency, and the timbre attributes 
inharmonicity, roughness, spectral centroid, spectral 
deviation, and spectral flatness. Initial analysis consisted 
of correlations between auditory/visual features and 
mean subject responses. A computational model based 
on trend salience was then used to predict subject 
judgments of tension given the visual and auditory 
descriptors.  The model was able to predict judgments 
well, resulting in high correlations between predictions 
and mean tension responses. 
 
Seacliff D -  16:00  
 
Computational Modeling of Chord 
Progressions in Popular Music 
Stefanie Acevedo*, Yale University 
Many computational analyses of popular music harmony 
focus on probabilistic modelling of unigrams and chord-
to-chord transitions (Burgoyne, 2011; de Clercq & 
Temperley, 2011; White & Quinn, in press). This research 
often serves to model functional states of individual 
chords, especially in comparison to common-practice 
tonal functions. However, due to their bottom-up focus, 
these analyses are often divorced from larger contextual 
parameters, such as meter and formal structure, which 
some scholars argue are the driving rhetorical 
characteristics of popular music (Moore, 2001; Tagg, 
2014). The aim of this computational study is to identify 
fundamental harmonic progressions, including variants 
(based on multiple chord characteristics such as chord 
root or quality), within a popular music corpus, and also 
to identify and categorize these progressions based on 
contextual parameters including metrical placement and 
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phrase/formal structure. Using a Python script, n-gram 
and transition probabilities are calculated within a 
sample taken from Billboard’s Hot 100 songs from 1958 
to 1991 (the McGill Corpus; Burgoyne, 2011). The 
program then segments each song into end-bounded 
chord progressions based on entropy spikes and 
tabulates the results based on metrical and formal 
information. The most common chord sequences include 
repetitions of two-chord loops (Tagg, 2014) and three-, 
four-, or five-chord stock progressions (such as the Doo 
Wop, and modal or pentatonic loops; Everett, 2009; 
Biamonte, 2010). Based on contextual parameters of 
meter and form/phrase, the progressions are classified 
by apparent function (for example, as embellishments, 
prolongations, or cadential gestures). The results are 
discussed within two larger contexts: that of probabilistic 
mental models (couched within current discourse on 
musical schemata and expectation research; Byros, 2012; 
Gjerdingen, 2006) and their relationship to broad and 
genre-specific definitions of tonality.  
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Seacliff A-C -16:30 

Acoustics & Psychophysics 1 

TU1:Perceptual Learning of Abstract Musical Patterns: Recognizing Composer Style 
Carolyn Bufford*, UCLA Psychology; Khanh-Phuong Thai, UCLA Psychology; Joselyn Ho, UCLA 
Psychology; Cindy Xiong, UCLA Psychology; Philip Kellman, UCLA Psychology 

TU2:Detecting offset asynchrony for pairs of tones with musically-relevant durations 
Joshua Shive, Tennessee State University; David Heise*, Lincoln University; Emily Ector-Volman, 
Tennessee State University; Justin Manson, Tennessee State University 

TU3:Examining the differences in cognition and perception between musicians and non-musicians: A 
meta-analysis  
Katherine Thompson*, University of Toronto ; Mark Schmuckler, University of Toronto Scarborough; 
Konstantine Zakzanis, University of Toronto Scarborough 

TU4:An exploration of psychoacoustic factors influencing the perception of triangular sound shapes 
Sven-Amin Lembke*, De Montfort University 

TU5:Knowledge-Based Expectation Effects on Pitch Perception: A cross-cultural Behavioral and ERP 
Investigation  
Elif  Kaplan, Boğaziçi University; Z. Funda Yazıcı, Istanbul Technical University; Esra Mungan*, Boğaziçi 
University 

Aesthetic Perception & Response 1 

TU6:Investigating the timecourse of aesthetic judgments of music  
Amy Belfi*, New York University; Jess Rowland ; Edward Vessel ; Gabrielle Starr ; David Poeppel, 
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TU7:Gesture-sound causality from the audience’s perspective: investigating the influence of mapping 
perceptibility on the reception of new digital musical instruments 
Gina Emerson*, HU Berlin; Alexander Förstel, Technische Universität Berlin; Hauke Egermann, 
University of York 

TU8:Do Melodic Intervals Evoke Distinctive Qualia? 
Lindsay Warrenburg*, Ohio State University; David Huron, Ohio State University 

TU9:The Constituents of Art-Induced Pleasure – A Critical Integrative Literature Review 
Marianne Tiihonen*, University of Jyväskylä; Elvira Brattico, Aarhus University & Royal Academy of 
Music Aarhus/Aalborg, Denmark; Suvi Saarikallio, University of Jyväskylä 

TU10:“Leaky Features”: Influence of the Main on the Many 
Michael Barone*, McMaster University; Matthew Woolhouse, McMaster University 

TU11:The Silent Rhytnm and Aesthetic Pleasure of Poetry Reading 
Natalie Phillips, Michigan State University; Lauren Amick, Michigan State University; Lana Grasser, 
Michigan State University; Cody Mejeur, Michigan State University; J. Devin McAuley*, Michigan State 
University 

TU12:Visual Imagery and the Semantics of Music 
Paige Tavernaro*, University of Arkansas; Elizabeth  Margulis, University of Arkansas 

TU13:Disliked music: The other side of musical taste 
Taren Ackermann*, MPI for Empirical Aesthetics 

TU14:On the asymmetry of cross-modal effects between music and visual stimuli 
Teruo Yamasaki*, Osaka Shoin Women's University 

TU15:Zoning in or Tuning in? Absorption within a Framework for Attentional Phases in Music 
Listening 
Thijs Vroegh*, Max Planck Institute 
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Cognitive Modeling of Music 1 

 
TU16:Measuring and modeling melodic expectation: a new approach 
Allison Fogel*, Tufts University; Emily Morgan, Tufts University; Aniruddh Patel, Tufts University 

 
TU17:Musical Stylometry, Machine Learning, and Attribution Studies: A Semi-Supervised Approach to 
the Works of Josquin 
Andrew Brinkman*, Lousiana State University; Daniel Shanahan, Louisiana State University; Craig Sapp,  

 
TU18:An Investigation of the Multimodal Imagery Employed by Ear Players without Absolute Pitch   
Anne-Marie Hildebrandt*, Penn State; Yo-Jung Han, The Pennsylvania State University 

 
TU19:Towards the objective assessment of music performances 
Chih-Wei Wu*, Georgia Institute of Technolog; Alexander Lerch, Georgia Institute of Technology; 
Amruta Vidwans, Georgia Institute of Technology; Ashis Pati, Georgia Institute of Technology; 
Christopher Laguna, Georgia Institute of Technology; Siddharth Gururani, Georgia Institute of 
Technology 

 
TU20:Predicting Missing Music Components with Bidirectional Long Short-Term Memory Neural 
Networks 
I-Ting Liu, Carnegie Mellon University; Richard  Randall*, Carnegie Mellon University  

 
TU21:A Cognitively-Informed Utility for Search and Discovery in Musical Corpora 
James Symons*, Northwestern University 

 
TU22:Principal components analysis of the perception of musicality in pitch sequences 
Richard  Randall*, Carnegie Mellon University ; Adam Greenberg, University of Wisconsin-Milwaukee 

 
TU23:Comparison of Tonality Models in Measuring Chord Sequence Similarity 
Saebyul Park*, KAIST; Jeounghoon Kim, KAIST; Juhan Nam,  

 

Composition & Improvisation 1 
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TU24:All You Need to Do is Ask? The Exhortation to Be Creative Improves Creative Performance More 
for Non-Expert than Expert Jazz Musicians 
David Rosen*, Drexel University; John Kounios, Drexel University; Youngmoo Kim, Drexel University; 
Daniel Mirman, Drexel University 

TU25:Negentropy: A compositional and perceptual study using variable form 
Jason Rosenberg*, Center for New Music 

TU26:A method for identifying motor pattern boundaries in jazz piano improvisations 
Martin Norgaard*, Georgia State University 

TU27:The meaning of making – mapping strategies in music composition  Peter Falthin, PhD-student 
Peter Falthin*, Royal College of Music Stockho 

TU28:Study of Instrument Combination Patterns in Orchestral Scores from 1701 to 2000 
Song Hui Chon*, Ohio State University; Dana DeVlieger, Ohio State University; David Huron, Ohio State 
University 

Music & Emotions 1 

TU29:Imprinting emotion on music: transferring affective information from sight to sound 
Caitlyn Trevor*, Ohio State University; Joseph Plazak, Illinois Wesleyan University 

TU30:Matching Music To Brand Personality: A Semantic Differential Tool for Measuring Emotional 
Space 
David Baker*, Louisiana State University; Daniel Müllensiefen, Goldsmiths College; Tabitha Trahan, 
Soundout 

TU31:Audience Emotional Response to Live and Recorded Musical Performance 
Elizabeth Monzingo*, University of Oklahoma 
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TU32:Inducing emotion through size-related timbre manipulations: A pilot investigation 
Joseph Plazak*, Illinois Wesleyan University; Zachary Silver, Illinois Wesleyan University 

TU33:The Effect of Repetitive Structure on Enjoyment in Uplifting Trance Music 
Kat Agres*, Queen Mary, University London; Louis Bigo, University of the Basque Country; Dorien 
Herremans, Queen Mary, University of London; Darrell Conklin, University of the Basque Country 

TU34:Emotions and chills at the interface between contrasting musical passages 
Sabrina Sattmann*, University of Graz; Richard Parncutt,  

TU35:The influence of odour on the perception of musical emotions 
Scott Beveridge*, Glasgow Caledonian Univeristy 

TU36:Emotional mediation in crossmodal correspondences from music to visual texture. 
Thomas Langlois*, UC Berkeley; Joshua Peterson, UC Berkeley; Stephen Palmer, UC Berkeley 

TU37:Expressive performance and listeners’ decoding of performed emotions: A multi-lab replication 
and extension 
Renee Schapiro*, Goldsmiths College; Jessica Akkermans, Goldsmiths University; Veronika Busch, 
University of Bremen; Kai Lothwesen, University of Bremen; Timo Fischinger, MPI for Empirical 
Aesthetics; Klaus Frieler, University of Music "Franz Liszt" Weimar; Kathrin Schlemmer, Catholic 
University Eichstaett-Ingolstadt; Daniel Shanahan, Louisiana State University; Kelly Jakubowski, 
Goldsmiths University; Daniel Müllensiefen, Goldsmiths College 

Music & Evolution 1 

TU38:Singing and Moving Increase Social Bonding 
Laura Edelman*, Muhlenberg College; Kathleen Harring, Muhlenberg College; Jonathan Ross, 
Muhlenberg College; Katie Ninivaggi, Muhlenberg College; Amy Leeds, Muhlenberg College; Kiersten  
Mulvey, Muhlenberg College 

TU39:The Expression of Anger, Angst, Violence and Power in Music: Aesthetic, Sociological, and 
Evolutionary Perspectives 
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Nathaniel Condit-Schultz*, Ohio State University 

Music & Health / Well-Being 1 

TU40:A new measure of the well-being benefits of music participation 
Amanda Krause*, Curtin University; Jane Davidson, University of Melbourne; Adrian North, Curtin 
University

TU41:Heavy and Light: Uncovering resilience and positive effect in extreme music 
Diana Hereld*, University of California SD 

TU42:Music Engagement, Personality, Well-being and Affect in a Sample of North Indian Young 
Adults 
Durgesh Upadhyay, Amity University Uttar Pradesh; Aheli Chakraborty*, Amity University Uttar 
Pradesh, India; Ridhima Shukla, Amity University Uttar Pradesh, India 

TU43:Music rehearsals and well-being: what role plays personality? 
Eva Matlschweiger*, University of Graz; Sabrina Sattmann, ; Richard Parncutt, 

TU44:Motivating Stroke Rehabilitation Through Music: A Feasibility Study Using Digital Musical 
Instruments In The Home 
Pedro Kirk*, Goldsmiths University of Londo; Mick Grierson, 1Department of Computing, Goldsmiths 
College, University of London, United Kingd; Rebeka  Bodak, Center for Music in the Brain, Dept. of 
Clinical Medicine, Aarhus University & T; Nick Ward, The National Hospital for Neurology and 
Neurosurgery, Queen Square, London, UK; Fran Brander, 4The National Hospital for Neurology and 
Neurosurgery, Queen Square, London, UK; Kate Kelly, 4The National Hospital for Neurology and 
Neurosurgery, Queen Square, London, UK; Nicholas Newman, Hounslow and Richmond Community 
Health Care NHS Trust, London, United Kingdom; Lauren  Stewart,  

TU45:Salivary biomarkers as objective data in music psychology research: Comparing live and 
recorded music to story readings 
Ronniet Orlando*, Edith Cowan University; Craig Speelman, Edith Cowan University; Veer Gupta, Edith 
Cowan University; Anne Wilkinson, Edith Cowan University 
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TU46:Chanting Improves Mood and Social Cohesion 
William Thompson*, ; Vince Polito, Macquarie University; Gemma Perry, Macquarie University 

 

Music & Neuroscience 1 

TU47:Investigating use-dependent structural adaptations and brain network connectivity: Measuring 
the effects of different characteristics comprising intensive musical training on the brain 
Catheryn Shaw*, UNC - Greensboro; Robin Wilkins, ; Robert Kraft,  

 
TU48:Finding the Beat: Neural Responses to Missing Pulse Rhythms 
Charles Wasserman*, University of Connecticut; Jung Nyo Kim, University of Connecticut; Edward Large, 
University of Connecticut; Erika Skoe, University of Connecticut 

 
TU49:Examining motor recruitment during incongruent audiovisual music perception: A TMS Study 
Chelsea Gordon*, UC Merced; Ramesh Balasubramaniam, University of California, Merced; Marco 
Iacoboni, University of California, Los Angeles 

 
TU50:Sleep-related plasticity in auditory evoked response after a novel instrument learning 
James Tobin*, Stanford; Takako Fujioka, Stanford University 

 
TU51:A nonlinear dynamical systems approach to auditory scene analysis 
Ji Chul Kim*, University of Connecticut; Edward Large, University of Connecticut 

 
TU52:The “musician advantage” in executive functions is more pronounced in school-age than 
adolescence  
Katri Saarikivi*, University of Helsinki; Vesa Putkinen, University of Jyväskylä; Mari Tervaniemi, 
University of Helsinki 

 
TU53:Melodic motif identity modulates encoding of alternating polyphonic voices 
Madeline Huberth*, Stanford University; Takako Fujioka, Stanford University 

 
TU54:Real or Perceived? Neural Underpinnings of Expectations in the Enjoyment of Performances. 
Nicole Flaig*, University of Connecticut; Elizabeth  Margulis, University of Arkansas; Edward Large, 
University of Connecticut; Jung Nyo Kim, ; Carrie Kroger,  
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TU55:Enhanced feature integration in musicians: Expertise modulates the additivity of the MMNm 
response 
Niels Chr. Hansen*, Center for Music in the Brain; Andreas Højlund Nielsen, Departments of Clinical 
Medicine and Neurology, Aarhus University, Aarhus, DK; Cecilie Møller, Department of Psychology, 
Aarhus University, Aarhus, Denmark; Marcus Pearce, Queen Mary University of London; Peter Vuust,  

Rhythm, Meter & Timing 1 

TU56:Perceived difference between straight and swinging drum rhythms 
Andrew Frane*, UCLA 

TU57:Predicting temporal attention in music with a damped oscillator model 
Brian Hurley*, University of California Davis; Petr Janata, UC Davis; Lauren Fink, University of California 
Davis 

TU58:Rhythmic Complexity in Rap 
David Temperley*, Eastman School of Music; Adam Waller, Eastman School of Music 

TU59:The relationship between coupled oscillations during auditory temporal prediction and motor 
trajectories in a rhythmic synchronization task 
Fiona Manning*, McMaster University; Brandon Paul, McMaster University; Serena Tse, McMaster 
University 

TU60:Working Memory and Auditory Imagery Predict Synchronization With Expressive Music 
Ian Colley*, The MARCS Institute; Peter Keller, Western Sydney University; Andrea Halpern, Bucknell 
University 

TU61:Perception of auditory and visual disruptions to the beat and meter in music.  
Jessica Nave-Blodgett*, University of Nevada Las Vegas; Joel Snyder, University of Nevada Las Vegas; 
Erin Hannon, University of Nevada Las Vegas 

TU62:Metricality modifies the salience of duration accents but not pitch accents 
Jon Prince*, Murdoch University; Tim Rice, Murdoch University 
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TU63:Pupillary and eyeblink responses to auditory stimuli index attention and sensorimotor coupling 
Lauren Fink*, University of California Davis; Brian Hurley, University of California Davis; Joy Geng, 
University of California, Davis; Petr Janata, UC Davis 

TU64:Rhythmic timing in the visual domain aids visual synchronization of eye movements in adults: 
Comparing visual alone to audio-visual rhythms 
Melissa Brandon*, Bridgewater State University; Nicole Willett, Bridgewater State University; Diana 
Chase, Bridgewater State University; Dillon Lutes, Bridgewater State University; Richard Ravencroft, 
Bridgewater State University 
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WEDNESDAY
 

Symposium:  

Music & Health / Well-Being 1 
Session Chair: Annabel Cohen (University 
of Prince Edward Is); 
 
Bayview A - 08:30  
 

Overview: 

Advancing Interdisciplinary 
Research in Singing: Group Singing 
and Well-being 
Annabel Cohen*, University of Prince Edward Is; 
Jacques  Launay, ; Daniel Weinstein, 
Goldsmiths, University of London, UK; Jennifer 
Bugos, University of South Florida; Frank Russo, 
Ryerson University 
In recent years choirs have become increasingly popular, 
likely due to the effects that they can have on people’s 
wellbeing, and the capacity they have for rebuilding a 
sense of community. This symposium brings together 
researchers who are investigating the positive role choirs 
and group singing can play in a variety of contexts. This 
includes the role of choirs on intercultural bonding on 
college campuses, in people with Parkinson’s Disease, in 
building communities in London, and in older adults 
taking group singing lessons. This is relevant to anyone 
with an interest in the ways that community and health 

can be influenced by singing in groups, and in particular 
those who are interested in the ways in which singing can 
produce these strongly positive effects. Presenters will 
discuss the impact that their choral groups have had on 
the health, social and intellectual lives of singers, as well 
as mechanisms that might underpin these changes.  
Challenges will also be discussed.  Under the auspices of 
the AIRS (Advancing Interdisciplinary Research in Singing) 
project, presentations will primarily address ongoing 
work, but will also outline prospective projects that aim 
to expand beyond the populations currently studied. 
Daniel Weinstein (UK) discusses the effect of choral 
singing on fostering social closeness, considering 
whether group size is a limiting factor. Frank Russo 
(Canada) describes the formation of a choral group for 
persons with Parkinson’s disease. Jennifer Bugos (US) 
reports on older adults engaged in group singing lessons 
for eight weeks. Annabel Cohen and colleagues 
(Canada/Malta) describe creating a multicultural choir on 
a college campus. Jacques Launay (UK) will discuss the 
papers from points of view of social bonding and health 
benefits but also from the perspective of connecting 
research to practice 
 

Bayview A - 08:30  
 
Changes in social connectedness as 
a result of community singing in 
small and large choirs 
Daniel Weinstein (Goldsmiths University of 
London); Jacques Launay (Brunel University of 
London); Eiluned Pearce (University of Oxford); 
Robin I. M. Dunbar (University of Oxford); 
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Lauren Stewart (Goldsmiths University of 
London); 
Prior research has shown that singing has many positive 
physical health benefits as well as can foster prosocial 
behavior. We investigated group singing as a means of 
social bonding in both small and large choir contexts. 
While previous research has shown that music making in 
small group contexts is an effective means of maintaining 
social cohesion, the question of whether this effect could 
occur in larger groups remains unanswered. We set out 
to compare the social bonding effects of singing in small, 
familiar contexts versus a large, unfamiliar context. The 
current study recruited individuals from a community 
choir, Popchoir, that meets in small choirs weekly, and 
comes together annually to form a large choir combining 
individuals from the smaller subchoirs. Participants gave 
self-report measures of affect and social bonding and 
had pain threshold measurements taken (as a proxy for 
endorphin release) before and after 90 minutes of 
singing. Positive affect, social bonding measures, and 
pain thresholds all increased across singing rehearsals. 
We found no significant difference for pain thresholds 
between the small versus large group context. 
Additionally, levels of social bonding were found to be 
greater at pre- and post-levels for the small (familiar) 
choir context. However, the large choir context showed a 
greater change in social bonding survey measures as 
compared to the small context. We find that group 
singing is an effective means to foster social closeness, 
even in large group contexts where many individuals are 
unfamiliar with one another.  

 
Bayview A -08:50  
 
Effects of choral singing on facial 
and vocal expressiveness in people 
living with Parkinson’s Disease 
Frank Russo (Ryerson University); Esztella Vezer 
(Ryerson University); Steven R. Livingstone 
(Ryerson University); 
People with Parkinson’s disease (PD) experience difficulty 
producing expressive aspects of vocal and facial 

communication, resulting in a permanently flat 
expression that has been referred to as “masked face 
syndrome”. It has also been found that PD patients have 
decreased ability to correctly identify emotion in the 
facial expressions of others (e.g., Dujardin et al., 2004; 
Buxton, McDonald & Tippett, 2013). Identification 
deficits appear to be due in part to deficits in automatic 
facial mimicry (Livingstone, Vezer, McGarry, Lang & 
Russo, under review). Because expressive aspects of 
vocal and facial communication are an important part of 
social interaction, impairments can lead to an array of 
emotional health issues such as anxiety, depression and 
reduced quality of life (Cummings, 1992; McDonald, 
Richard & DeLong, 2003). Despite its importance for 
social and emotional wellbeing, few rehabilitative 
programs have targeted expressive aspects of vocal and 
facial communication in PD patients. Based on recent 
research that our lab has conducted demonstrating a 
positive effect of singing on expressive aspects of 
communication in PD, the current study reports on a 13-
week choir for people with PD that emphasizes vocal and 
facial expressiveness. We hypothesize that the training 
program will improve participants’ expressiveness as well 
as their emotional mimicry and their ability to accurately 
perceive emotion in others, ultimately enhancing 
interpersonal communication and quality of life. 

 

Bayview A -09:10  
 
Vocal Improvisation and Verbal 
Fluency in Older Adults Following 
Group vocal lessons 
Jennifer Bugos (University of South Florida); 
Chloe Kantoris (University of South Florida); 
Music training can contribute to melodic expectations. 
Research suggests that vocal improvisations by young 
adult musicians end on the tonic, and those by young 
adult non-musicians are less likely to do so (Pan & Cohen, 
2015). Little is known regarding the effects of training on 
vocal improvisations in novice older adults. Vocal 
improvisation requires the ability to generate musical 
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phrases, and similarly, verbal fluency is the ability to 
generate words. Deficits in verbal fluency are one of the 
first symptoms of cognitive impairment in aging adults 
(Laisney et al, 2009). Thus, we examined these areas in 
conjunction with processing speed, an area known to 
affect verbal fluency. The purpose of this study was to 
evaluate vocal improvisations and cognitive performance 
in novice older adult vocal students following group vocal 
lessons. Thirteen healthy, older adults were recruited 
from independent living facilities, and screened for 
cognitive impairment. Participants completed measures 
of verbal fluency, simple processing speed, music 
aptitude, and vocal achievement pre- and post-training. 
Participants attended eight weeks of group vocal 
instruction. Each two-hour class included exercises in 
vocal technique, music reading, and vocal independence. 
Vocal improvisation exercises were performed with 
better intonation post-training; however, most 
participants repeated the same material multiple times 
prior to ending the phrase. Consistent melodic contour 
for improvised endings was found pre- and post-training. 
In addition, familiar melodies were represented in 
repeated material. Results of a pair-samples t-test 
showed significant increases in letter fluency, post-
training. Group vocal training can instill confidence in 
novice vocalists allowing them to improvise more freely. 
Improvisation exercises within the context of a vocal 
training course may contribute to enhanced verbal 
fluency, an area that can impact the quality of life in 
older adults.  

 
Bayview A -09:30  
 
Benefits of Forming a Multicultural 
Choir and Song Circle on a 
University of Campus 
Annabel Cohen (University of Prince Edward 
Island); Godfrey Baldacchino (University of 
Prince Edward Island); Karen Ludke (Edge Hill 
University); Liliya Nafikova (University of Prince 
Edward Island); Bing-Yi Pan (University of Prince 
Edward Island); 

Establishing social bonds is one of the first challenges 
students face on arriving at a university for the first time, 
and this challenge is greater for those who “come from 
away”.  Joining a choir might provide one means to meet 
this challenge, however, many campus choirs are 
exclusive audition choirs, and their aim is often to perfect 
a performance program.  In contrast, a song circle 
approach might have wider appeal and offer common 
ground for friendship and appreciation of one’s own and 
others’ cultures. Over a five-year period a protocol has 
been in development for a campus “multicultural choir 
and song circle” in which participants are encouraged to 
share in the responsibility for the repertoire while they 
are provided the scaffolding to lead with the help of a 
somewhat “behind-the-scenes” team consisting of the 
nominal choir director, collaborative pianist, and 
research director and associates. A questionnaire before 
and after a 10-week session revealed that the goals of 
the 19 participants in joining were met and in some cases 
were exceeded. While sharing the over-riding goal to 
have fun, diverse interests of members such as singing to 
perform vs singing to share in joint activity can 
sometimes conflict. Pressure to meet standards for 
external performance requests can upset the group 
cohesion. A solution entailing two groups – one that 
performs and one that does not—is not likely practical, at 
least on a small campus, and ways of achieving 
compromise will be discussed. The concept of the 
multicultural choir and song circle initiated in the small 
Canadian University has been duplicated at a larger 
European University for two consecutive years 
suggesting the transferability of the concept. The 
research suggests that the university multicultural choir 
and song circle adds social capital to the parent 
university as well as to the broader community.  
 

Symposium:  

Music & Language 3 
Session Chair: J. Devin McAuley 
(Michigan State University); Reyna 
Gordon (Vanderbilt University);  
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Bayview B - 08:30  
 

Overview: 

Musical rhythm in typical and 
atypical language development. 
J. Devin McAuley*, Michigan State University; 
Reyna Gordon, Vanderbilt University 
The importance of musical rhythm for normal 
development of language skills, in speech and in print, is 
increasingly well-documented. The broad range of 
neurodevelopmental disorders that implicate rhythm 
and/or temporal processing as a core deficit is also quite 
striking. These include developmental stuttering, 
developmental dyslexia, and specific language 
impairment (SLI), among others.  This symposium brings 
together three scholars working at the intersection of 
musical rhythm and language to consider (a) the role of 
rhythm in typical language development and (b) the 
specific nature of rhythm and/or temporal processing 
deficits in different language disorders. 

 
Bayview B - 08:30 
 
Behavioral and neuroimaging 
evidence for a core deficit in 
rhythm processing in 
developmental stuttering 
J. Devin McAuley (Michigan State University); 
Liz Wieland (Michigan State University); Ho 
Ming Chow (University of Michigan); Juli Wade 
(Michigan State University); Soo-Eun Chang 
(University of Michigan); 
Stuttering is a neurodevelopmental disorder, 
characterized by frequent occurrences of involuntary 
disfluent speech patterns, that affects approximately 1% 
of the population.  Notably, when speech is synchronized 

with an external rhythmic pacing signal (e.g., a 
metronome), stuttering can be markedly alleviated even 
in the most severe cases. These findings suggest that 
people who stutter may have a core deficit in the 
generation of an internal rhythm to guide the pacing of 
speech that is alleviated with external rhythmic support. 
For the past several years, our group has investigated this 
hypothesis through a series of behavioral and 
neuroimaging studies of children and adults who stutter 
that have been combined with studies in songbirds, 
which under controlled conditions can be induced to 
stutter. Behavioral studies with children and adults have 
leveraged a rhythm discrimination paradigm in which 
participants listen to two presentations of a standard 
rhythm followed by a third (comparison) rhythm that is 
the same or different from the twice presented standard. 
Rhythms have an explicit accent on each of the beats 
(simple rhythms) or do not (complex rhythms). Results 
have revealed (1) poorer rhythm discrimination in 
children and adults who stutter compared with age-
matched controls, especially for complex rhythms that 
lack explicit markers of the beat, (2) attenuated 
functional connectivity during resting conditions within a 
basal ganglia-thalamic-cortical network previously 
implicated in rhythm perception, and (3) a robust 
positive correlation between rhythm discrimination 
performance and functional connectivity in controls that 
is absent in people who stutter. Findings provide strong 
support for a core neural deficit in internal rhythm 
generation in people who stutter. Relation to on-going 
studies from our group with songbirds and implications 
for the development of novel rhythm-based 
interventions will be discussed. 

 
Bayview B -08:50  
 
Musical rhythms, speech rhythms, 
and brain rhythms: new 
applications for child language 
development 
Reyna Gordon (Vanderbilt University); Rita 
Pfeiffer (Vanderbilt University); Alison Williams 
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(Vanderbilt University); Katherine B. Jones 
(Vanderbilt University); Ashley B. Hirsch 
(Vanderbilt University); Tuuli H. Morrill (George 
Mason University); J. Devin McAuley (Michigan 
State University); 
Musical rhythm and linguistic grammar are both 
hierarchically organized, and the timing of the speech 
signal contains important cues to grammar, such as 
pauses at clause boundaries. Here we present a series of 
experiments aimed at investigating the role of rhythm in 
grammatical development, in children with normal and 
disordered language. Our preliminary work in n=25 
typically developing (TD) six-year-olds found a robust 
association (r=0.70) between music rhythm perception 
and grammar skills. Performance on rhythm perception 
tasks accounted for individual differences in children’s 
production of complex sentence structures (complex 
syntax: r =0.46; and transformation/reorganization: 
r=0.42). Preliminary findings of EEG patterns (recorded 
during listening to simple rhythms) indicate that higher 
grammar scorers show enhanced neural sensitivity to 
accented tones (p=0.02) at early latencies. Pilot 
behavioral testing in n=3 children with language 
impairment (SLI) also show lower musical rhythm scores 
compared to their TD peers (d=-0.88). To examine 
mechanisms underlying these associations, we are 
investigating speech rhythm as a possible mediator 
between musical rhythm and grammar. First, we are 
probing children’s ability to synchronize speech with an 
isochronous metronome, in a modified speech cycling 
paradigm. Preliminary results point to correlations (r = 
0.60) with grammar skills. Second, we are testing the 
ability of children with SLI and TD to learn novel word-
forms from syllable streams that are rhythmically biased 
to facilitate particular groupings. Findings will be 
discussed in the context of our ongoing work exploring 
the dynamics of rhythm deficits in SLI and studying 
whether facilitations of rhythm on grammar are due to 
auditory working memory, speech rhythm sensitivity, or 
both. This line of research contributes to knowledge 
about the role of rhythm in acquisition and processing of 
syntactic structure. 

 
Bayview B -09:10  

 
Cognitive Links Between Rhythm 
Perception and Language: A 
Behavioral and Neuroimaging 
Investigation 
Ola Ozernov-Palchik (Tufts University); Elizabeth 
S. Norton (Northwestern University); Sara D. 
Beach (MIT); Anne Park (MIT); Maryanne Wolf 
(Tufts University); John D. E. Gabrieli (MIT); 
Nadine Gaab (Boston Children s Hospital); 
Aniruddh D. Patel (Tufts University); 
Studies have reported a link between phonological 
awareness and musical rhythmic abilities. Both speech 
perception and musical rhythm perception involve 
sensory encoding of timing/intensity patterns, short term 
memory of temporal patterns, and perception of 
grouping/phrasing. Beat processing is an important 
component of musical rhythm, but since speech is not 
periodic, the association between the processes is not 
clear. This study investigated the relationship among 
phonological, musical rhythm, and beat processing, both 
behaviorally and its neural correlates.  As part of a 
longitudinal functional neuroimaging study of reading 
ability, children (N=35) performed a phonological (first-
sound matching contrasted with voice matching) in-
scanner task in kindergarten. In 2nd grade these children 
were administered a rhythm discrimination task with 
strong beat (SB) and weak beat (WB) patterns, as well as 
cognitive and pre-literacy measures.   Behavioral results 
indicated a significant positive association between SB 
(but not WB) performance and children’s phonological 
awareness and reading skills (p<0.001). Mediation 
analysis revealed a significant indirect effect of rhythm 
discrimination on literacy skills, b=.59, BCa CI [.118, 1.39]. 
Hierarchical regression analysis demonstrated that 
temporally regular patterns, but not irregular patterns, 
accounted for unique variance in reading (p<0.01). 
Children’s whole-brain functional activation for first 
sound matching versus voice matching contrast was 
significantly (p<0.01, corrected) correlated with their 
subsequent performance on SB and WB patterns.  The 
pattern of correlation differed between SB and WB 
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patterns. Implications of these results will be discussed. 
 
Bayview B -09:30  
 
Individual differences and reading 
skills: another PATH needed? 
Nori Jacoby (MIT); Naftali Tishby (Hebrew 
University); Hilla Jakoby (Hebrew University); 
Merav Ahissar (Hebrew University); 
Musicians have better performance in linguistic tasks 
such as reading abilities (e.g., Hurwitz et al., 1975) and 
speech in noise (e.g., Parbery-Clark et al., 2009). 
Recently, Tierney and Kraus (2014) suggested that 
precise auditory timing is a core mechanism underlying 
enhanced phonological abilities in musicians. Consistent 
with this hypothesis, Tierney and Kraus (2013) found a 
correlation between tapping performance and reading 
skills also in the general population. We empirically 
tested the precise auditory timing hypothesis (PATH) on 
three groups of subjects. In the first study we evaluated 
the entrainment, reading skills and other cognitive 
abilities of a group of (N=56) normal adults. In the 
second, we examined the difference between dyslexic 
(N=26) and non-dyslexic adults (N=19). In the third, we 
looked at the contrast between dyslexic (N=26) and non-
dyslexic professional musicians (N=42). In the first study 
we replicated Tierney and Kraus’s results, finding 
correlations between reading skills and entrainment in 
the normal population (word reading r=-0.4 p=0.034; non 
word reading r=-.46 p=0.013). However, upon measuring 
a larger set of additional cognitive measures, we found 
that these correlations could be explained by a more 
prominent correlation between entrainment and working 
memory (WM), peaking in a non-auditory visual N-back 
task (r=-0.52 p= 0.0059). In the second study we found 
no difference in the entrainment abilities of dyslexic and 
non-dyslexic adults. In the third study, only dyslexic 
musicians displayed a correlation to WM abilities (r=.45 
p=0.02). Our finding suggests an alternative explanation 
for the PATH hypothesis. We propose that more general 
cognitive mechanisms strongly associated with WM 
mediate the link between reading and entrainment. This 
interpretation is also consistent with recent 

computational models of reading disabilities (Sagi et al. 
2015). 
 
 

Pitch & Tonal Perception 1 
Session Chair: Carol Krumhansl 
 
Marina - 08:30  
 
Top-Down Modulation on the 
Perception and Categorization of 
Identical Pitch Contours in Speech 
and Melody  
Joey Weidema*, University of Amsterdam; M. 
Paula Roncaglia-Denissen, University of 
Amsterdam; Henkjan Honing, University of 
Amsterdam 
Spoken language and music both emphasize the acoustic 
signal, with pitch as a fundamental, and highly perceptual 
acoustic attribute in both domains. In language, pitch is 
continuous and curvilinear, in music often relatively 
discrete. At present there is no consensus on whether 
pitch in both domains is governed by domain-specific or 
domain-general cognitive mechanisms. The present 
study investigates how mechanisms governing pitch 
contour processing operate differently when identical 
pitch information is perceived as either speech or 
melody. By modulating listening mode, the present study 
aims to demonstrate that contour processing relies on 
domain-specific cognitive mechanisms that are regulated 
by top-down influences from language. Three groups of 
participants (Mandarin, Dutch, and musicians) were 
exposed to identical pitch contours in speech and 
melody. Critical items (CIs) for the speech condition 
consisted of disyllabic words in Mandarin with three 
possible contours: rising, falling, or flat. A pitch 
continuum was created for the CIs from rising to flat, and 
flat to falling, by dividing a finite pitch space into 11 
equal-sized tonal gradations. CIs for the melodic 
condition were exact analogues of the manipulated 
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speech contours, created by extracting the pitch contour 
of the critical speech items, and resynthesizing these as 
gliding sinusoidal tones. Given condition, CIs were placed 
in linguistic, and melodic carrier phrases, respectively. 
Participants indicated the direction of the last tone in a 3-
alternative forced-choice task. Accuracy rates and 
reaction times were collected. Results indicate domain-
specific perceptual mechanisms operant in both speech 
and melody: Both listening mode, and pitch proficiency 
appear to influence the perception of pitch contours in 
either domain. The findings suggest that mechanisms 
governing pitch contour processing in speech and melody 
are distinct, domain-specific, and are modulated by top-
down influences from language. 

Marina - 09:00  
 
The structure of absolute pitch 
abilities and its relationship to 
musical sophistication 
Suzanne Ross*, Center for Music in the Brain; 
Karen Chow, Goldsmiths, University of London; 
Kelly Jakubowski, Goldsmiths University; 
Marcus Pearce, Queen Mary University of 
London; Daniel Müllensiefen, Goldsmiths 
College 
Two types of absolute pitch abilities have been identified 
from previous research: overt AP (e.g. pitch labelling; 
oAP) is purported to be a rare binary ability possessed by 
a small proportion of people with a musical background, 
while latent AP (recognising or producing a well-known 
song at the correct pitch; lAP) is thought to exist in the 
general population and can be measured on a continuous 
scale. However, the measurement structure of these 
abilities (binary versus continuous) and the degree to 
which the two are related still needs to be confirmed. 
Furthermore, it may be that lAP is merely a side-effect of 
singing ability, musical engagement, or formal musical 
training. The relationship between lAP and musical 
sophistication thus requires clarification. We therefore 
developed of a comprehensive test battery for measuring 
oAP and lAP in musicians and non-musicians to address 

the aforementioned questions. 104 musician and non-
musician participants were tested on five oAP and three 
lAP pitch production and perception tests, as well as 
three subscales of the Goldsmiths Musical Sophistication 
Index self-report inventory. In a preliminary analysis, 
Gaussian mixture modelling showed oAP scores to be 
bimodal and lAP to be unimodally distributed. Variable 
selection for cluster discrimination and exploratory factor 
analysis suggested different pitch production tests as the 
most efficient measures of latent oAP and lAP abilities. A 
point-biserial correlation indicated a relationship 
between overall oAP and lAP scores, but this relationship 
was not found when participants with and without oAP 
were analysed as separate groups. There was no 
significant correlation between lAP scores and active 
engagement, musical training or singing ability. These 
results support previous findings that oAP is a binary 
ability and indicate that lAP is a continuously expressed 
ability which is distinct from oAP. Results further show 
that lAP is not a mere side-effect of musical 
sophistication. 
 

Marina - 09:30  
 
Heptachord Shift: A perceptually 
based approach to objectively 
tracking consecutive keys in works 
of J.S. Bach 

Marianne Ploger (Vanderbilt University); 
Marianne Ploger, Associate Professor of Music 
Perception and Cognition1 1Blair School of Music, 
Vanderbilt University, 2400 Blakemore Avenue, Nashville, 
Tennessee, USA  Widely acknowledged as the greatest 
master of tonal modulation, J.S. Bach’s works elude 
traditionally triad-based analyses more applicable to 
later eras. Considerable disparities exist among theorists 
in the analyses of the same piece resulting in areas of 
tonal ambiguity. But what if there were a way to remove 
such ambiguities and clearly and objectively identify both 
by ear and eye the tonic and mode of each consecutive 
key throughout a piece by Bach? This lecture 
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demonstration explores a cognitively based approach to 
modulation called heptachord shift in which the 
perception of the tonic and mode of each key is based on 
the mind’s unconscious ability to bind together through 
time the most recently heard seven diatonic pitches to 
form an unbroken chain of objectively perceptible tonal 
heptachords from the beginning to the end of a piece of 
Bach, allowing us to know the specific degree ‘meaning’ 
of each note, and echoing how we comprehend language 
in real time—one word at a time. The Prelude in D major, 
BWV 850 acts as a model.        

 
Marina - 10:00  
 

*YOUNG INVESTIGATOR AWARD WINNER* 
Perception of pitch accuracy in 
melodies: A categorical or 
continuous phenomenon? 
Pauline Larrouy-Maestri*, Max-Planck Institute; 
Simone Franz, ; David Poeppel,  
In western music, a semitone constitutes a theoretical 
and perceptual boundary between tones and is defined 
as a unit for categorical perception of intervals (Burns & 
Ward, 1978). However, melodic perception does not rely 
exclusively on this category but also involves the notion 
of ‘correctness’. If we usually classify melodies as “in 
tune” or “out of tune” depending on the size of interval 
deviations (smaller than a semitone) along melodies, the 
transition between the two categories remains unclear. 
This study examines the process involved in pitch 
accuracy perception. Twenty-five participants identified 
melodies as “in tune” or “out of tune” and rated their 
confidence for each answer. The pitch manipulation 
consisted of the enlargement of an interval in 5 cent 
steps (from 0 to 50 cent deviation). The interval deviated 
was either a Major 2nd or a Perfect 4th and occurred in 
the middle or end of a 6-tone melody. The task was run 
twice, before and after an explicit definition of the two 
labels. Repeated measure ANOVAs were conducted to 
examine the effect of the deviation on the proportion of 
in-tune answers and on the confidence levels. For the 
participants who were able to learn the labels (n = 20), 
the proportion of in tune answers varies greatly 
according to the amplitude of the deviation and 
depended on the size of the interval manipulated. 
Associated with the confidence level measurement, the 

identification data support a categorical perception 
process. Interestingly, explicitly learning the labels 
increased the overall confidence but did not modify 
drastically the profile of the categories and the process 
behind the categorization. This study suggests that 
explicit learning is not necessary to develop higher order 
categories relative to “correctness”. Nevertheless, such a 
process seems limited to certain intervals. Further 
investigation of other intervals and individual differences 
seems promising to better understand the mechanisms 
underlying music perception. 

 
 

Symposium:  
 

Cognitive Musicology 1 
 
Seacliff D - 08:30  

Overview: 

Film, television, and music: 
Embodiment, neurophysiology, 
perception, and cognition 
Siu-Lan Tan (Kalamazoo College); Mark Shevy 
(Northern Michigan University);  
With the rapid, global growth of audio-visual media use 
in daily life, theory and research focusing on the 
perception and cognition of multimedia presentation has 
never been more important or more timely. Until 
recently, however, there has been little empirical focus 
on the role of music in the multimedia experience, 
though the work in this area is gaining momentum (Tan, 
Cohen, Lipscomb, & Kendall, 2013). The research 
presented in this symposium breaks new ground in 
theory, methodology, and empirical investigation with 
respect to the unique physiological and mental processes 
involved when humans engage with music and moving 
images in the context of film and television. The first 
presentation applies analytical frameworks of embodied 
cognition to various facets of the temporal domain of 
music within film. Departing from the behavioral 
measures typically used in the study of music and 
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multimedia, the next presentation provides data 
collected using magnetoencephalography (MEG) to 
explore how the combination of audio and visuals in film 
may stimulate brain activity that differs from that caused 
by audio or visuals alone. Delving further into the 
semantic resonances of the film-music relationship, the 
third presentation considers film-music pairings, with 
particular attention to pairs perceived as incongruent. 
The last presentation investigates the possible links 
between music used in television commercials and 
various sociodemographic variables. Following the four 
presentations, the discussant will lead an extended 
discussion with the presenters and attendees, 
highlighting the diversity of methods and 
interdisciplinary character of multimodal research (as 
represented by our symposium).  The discussion will 
provide the opportunity to raise questions, delve into 
topics in more depth, and draw rich thematic 
connections between the speakers’ topics and within the 
field of music psychology at large.  
 
Seacliff D - 08:30  
 
Temporality and embodiment in 
film music 
Juan Chattah (University of Miami) 
Although most film-scoring techniques have gradually 
emerged through the intuitive use of music, recent 
research in embodied cognition lends itself to examining 
these techniques from theoretical and empirical 
perspectives: grounded cognition (e.g. Barsalou, 2008) 
maintains that meaning is generated and stored in 
sensorimotor experiences; ecological and evolutionary 
approaches (e.g. Clarke, 2005) take notion of 
‘affordances’ (Gibson, 1983) as a point of departure; 
conceptual metaphor and schema theories (e.g. Lakoff & 
Johnson, 2003) propose that cognitive representations 
and operations emerge from sensorimotor processes; 
and the discovery of the mirror neuron  
system in macaques (e.g. Rizzolatti, Fogassi, & Gallese, 
2001) reveals neurophysiological mechanisms that 
underpin social cognition. This presentation focuses 
exclusively on the temporal domain of music within film, 

and traces the logic that motivates embodied meaning 
while shedding light on a wide range of phenomena, 
including parallels between the visual and aural domains, 
the effect of tempo fluctuations in arousal level, the role 
of beat anticipation and predictability in relation to 
perceptual judgment of closure and stability, and the 
influence of meter in depicting collective motor 
coordination that may lead to social bonding and the 
construction of individual and group identities. By 
applying analytical frameworks from embodied cognition 
to a number of film music examples, this presentation 
extends beyond cognitive mappings of physicality to 
include cultural practices and values, and elucidates how 
musical temporality supports, highlights, or comments 
on other facets of the cinematic experience.  
 
Seacliff D - 08:50  
 
Neurophysiological responses to 
motion pictures: Sound, image, 
and A-V integration 
Roger Dumas (University of Minnesota); Scott 
D. Lipscomb (University of Minnesota); Arthur C. 
Leuthold (University of Minnesota); Apostolos P. 
Georgopoulos (University of Minnesota); 
Past investigations into the influence of a musical 
soundtrack on audience cognition of movies, animation, 
video games, and other multimedia have focused 
primarily on behavioral measures of the experience 
based on verbal responses (e.g., semantic differential 
scales). It is important to supplement such cognitive-
perceptual research with studies that inform us about 
the neurophysiological activity present during the 
viewing of motion pictures. In the present study, 
magnetoencephalography (MEG) was used to examine 
the whole brain in identifying significant relations 
between dynamic, interacting neural networks and 
systematically varied audio-visual stimuli, namely five 
audio-visual excerpts from the feature film Star Trek IV: 
The Voyage Home in each of three conditions: (a) musical 
soundtrack-only, (b) visual-only, and (c) music and visual 
combined. All data have been collected and are currently 
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being analyzed.  Upon completion of our analysis, we 
expect to identify regions of the brain that were not 
activated in the audio-only or visual-only conditions, but 
do become activated in the audio-visual condition. 
Completion of the ongoing study will facilitate our 
understanding about the various areas of the brain that 
are activated differentially when comparing 
neurophysiological activity in audio only, visual only, and 
audio-visual conditions. These results will further inform 
our knowledge regarding the role of music in the motion 
picture experience, augmenting our growing 
understanding related to the behavioralcognitive 
responses that have been much more thoroughly 
investigated in past research studies investigating 
multimedia cognition.  

 
Seacliff D - 09:10  
 
Exploring incongruence: Shared 
semantic properties and 
judgments of appropriateness in 
film-music pairings 
David Ireland (University of Leeds); W. Luke 
Windsor (University of Leeds); 
Ideas of congruence recur in studies that address the 
impact of various properties of the film-music 
relationship on audience perception and response, and 
relate to shared properties of structural, semantic or 
holistic dimensions of the stimuli. Less research has 
focused on audiovisual incongruence, which is often 
conflated with judgments of inappropriateness in a film-
music relationship. Yet, such judgments are 
multidimensional, context-dependent and subjective. 
This study explores the relationship between the 
perceived appropriateness of film-music pairings, and the 
number of semantic properties shared by the component 
extracts that comprise them. Participants (N=40) rated 
four music and four film excerpts, which reflected 
differing states on visual analogue scales labeled 
“agitated-calm” and “happy-sad.” They also rated all 
possible combinations of these excerpts (i.e., 16 
pairings), using the same scales and a third scale labeled 

“audiovisual pairing is appropriate-audiovisual pairing is 
inappropriate.” Results show that, in general, pairings 
with shared properties on both the “agitated-calm” and 
“happy-sad” scales were rated as more appropriate; 
pairings with fewer shared properties were rated as less 
appropriate. Significant differences exist between 
appropriateness ratings for pairings that share properties 
on both “agitated-calm” and “happy-sad” scales and 
pairings that share properties on just one of these scales, 
or on neither scale. Yet, some of the film-music pairings 
challenge these broader patterns, including those using 
film rated as “calm.” Focusing on one such pairing, which 
combines film from The Shawshank Redemption and 
music from the score for Gladiator, this paper will 
question ideas of additivity used to explain film-music 
interactions. The researchers will contend that a psycho-
semiotic approach, involving musicological, semiotic and 
conceptual analyses can complement empirical studies to 
more holistically account for the complexity of film-music 
incongruence.  
 
Seacliff D - 09:30  
 
Classical music in television 
commercials: A social-
psychological perspective 
Peter Kupfer (Southern Methodist University) 
Previous studies have uncovered relationships between 
listeners’ musical preferences and certain 
sociodemographic factors (e.g., sex, age, income, 
education, and musical training). Similarly, much of 
television advertising is targeted at consumers based on 
relevant sociodemographic categories. This study thus 
aimed to measure differences between 
sociodemographic groups regarding their reception of 
commercials (as measured by appeal and congruency 
ratings) based on the type of music employed. Because 
classical music is a relatively clearly defined genre that is 
recognizably different from most popular styles, and 
because, as previous studies have shown, its listeners 
typically fall into clear sociodemographic groups (e.g., 
older, richer, and more educated), the focus of this study 
was on classical music, though distractor tracks using 
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various other styles were included as well. The 557 
respondents were divided into four 
sociodemographically equivalent groups as follows: 
Group 1 listened only to the musical tracks of the stimuli 
(i.e., without image tracks); Group 2 watched only the 
video tracks (i.e., without music); Group 3 watched the 
original commercials with music and video; and Group 4 
watched “recombined” commercials in which music 
tracks were swapped. The stimuli comprised nine 
nationally aired commercials for products ostensibly 
appealing to different sociodemographic groups. In order 
to control for the effect of music, the chosen 
commercials consisted largely or only of music and 
images, five using classical music, four using other styles. 
The results of the study showed that while there were 
significant correlations between respondents’ 
sociodemographic background and their preferences for 
certain musical genres, and between their 
sociodemographic background and preferences for 
certain ads/products, these differences disappeared 
when music and images were combined, regardless of 
the musical style used. The findings suggest that 
sociodemographic differences do not play a central role 
in the processing of music in commercials, classical or 
otherwise. 
 
 

Music, Health, Science & 
Industry 1 

 
Bayview A - 10:30  
 
Workshop: Mobile Experience 
Sampling of Music Listening using 
the MuPsych App 
William Randall*, University of Jyväskylä; Suvi 
Saarikallio, University of Jyväskylä 
Personal music listening on mobile phones is rapidly 
growing as a central component of everyday musical 
engagement. This portable and flexible style of listening 

allows for the immediate selection of music to fulfil 
emotional needs, presenting it as a powerful resource for 
emotion regulation. The experience sampling method 
(ESM) is ideal for observing personal music listening, as it 
assesses current subjective experience during natural 
everyday music episodes. The MuPsych app utilises 
mobile ESM, and was developed for the ecologically valid 
and real-time measurement of emotional responses to 
music listening on mobile devices. This workshop will 
demonstrate to researchers how to design and 
implement their own experience sampling studies using 
the existing MuPsych mobile app. An online interface will 
allow researchers to easily customise their own study, 
including their own questions presented during listening 
episodes, along with psychological surveys. This presents 
an opportunity for a broad range of music researchers to 
tie their work to everyday musical experiences, and 
benefit from the real-time measurement and ecological 
validity of the mobile ESM. 

Symposium:  

Bayview A - 11:00 

Overview: 

BeatHealth: Bridging rhythm and 
technology to improve health and 
wellness 
Simone Dalla Bella*, University of Montpellier 
There is a tight link between the rhythm of external 
information (e.g., auditory) and movement. It can be 
seen when we spontaneously or deliberately move on 
the beat of music (e.g., in dance), or when we particularly 
enjoy performing sport activities (e.g., running or cycling) 
together with music. The propensity to match 
movements to rhythm is natural, develops precociously 
and is likely hard-wired in humans. The BeatHealth 
project exploits this compelling link between rhythm and 
movement for boosting motor performance and 
enhancing health and wellness using a personalized 
approach. This goal is achieved by creating an intelligent 
technological architecture for delivering rhythmic 
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auditory stimuli using state-of-the art mobile and sensor 
technology. Optimal stimulation is based on experiments 
performed in the lab and in more ecological conditions. 
The beneficial effects of BeatHealth are evaluated in two 
populations: patients with Parkinson’s disease (walking) 
and in healthy citizens of various ages with moderate 
physical activity (running). The main findings and 
technological achievements of this project, still ongoing, 
will be presented in this Symposium.  
 
Bayview A - 11:00  
 
Optimization of rhythmic auditory 
cueing for gait rehabilitation in 
Parkinson’s disease 
Simone Dalla-Bella (University of Montpellier); 
Dobromir Dotov (University of Montpellier); 
Sophie Bayard (Paul Valery University); Valerie 
Cochen de Cock (University of Montpellier); 
Christian Geny (University of Montpellier); 
Emilie Guettard (Beau Soleil Clinic); Petra 
Ihalainen (University of Montpellier); Benoit 
Bardy (University of Montpellier); 
Gait dysfunctions in Parkinson s disease (PD) can be 
partly relieved by rhythmic auditory cueing (i.e., asking 
patients to walk with a rhythmic auditory stimulus such 
as a simple metronome or music). The beneficial effect 
on gait is visible immediately in terms of increased speed 
and stride length. In standard rhythmic auditory cueing, 
the interval between sounds or musical beats is fixed. 
However, this may not be an optimal stimulation 
condition, as it fails to take into account that motor 
activity is intrinsically variable and tends to be correlated 
in time. In addition, patients show typical variability 
(accelerations and decelerations) during walking which 
may lead them to progressively desynchronize with the 
beat. Stimulation with embedded biological variability 
and capable to adapt in real time to patients’ variable 
step times could be a valuable alternative to optimize 
rhythmic auditory cueing. These possibilities have been 
examined in the BeatHealth project, by asking a group of 

PD patients (n = 40) and matched controls (n = 40) to 
walk with various rhythmic auditory stimuli (a 
metronome, music, and amplitude-modulated noise) 
under different conditions. In some conditions, inter-beat 
variability has been manipulated, by embedding 
biological vs. random variability in the stimulation. 
Another manipulation was to adapt in real time the 
stimulus beats to participants’ step times using dedicated 
algorithms. Performance was quantified by way of the 
typical spatio-temporal gait parameters and additional 
measures akin to complex systems (e.g., long-range 
correlations). The results indicated that biologically-
variable stimulation which is adapted to patients’ steps is 
the most efficient for improving gait performance. These 
findings provide useful guidelines for optimizing music-
driven rehabilitation of gait in PD. 
 
Bayview A -11:20  
 
When music (de-)synchronizes 
biology during running 
Benoit Bardy (University of Montpellier); Loic 
Damm (University of Montpellier); Fabien 
Blondel (University of Montpellier); Petra 
Ihalainen (University of Montpellier); Deborah 
Varoqui (University of Montpellier); Simone 
Dalla-Bella (University of Montpellier); 
Although the inclination to run in music seems to 
transcend places, generations, and cultures, it is unclear 
where this ergogenic power of music comes from. During 
running, it can be merely due to music’s tendency to 
elicit pleasure, increase motivation or drive attention 
away from athletes’ feeling of fatigue. Alternatively, 
music may foster efficient coupling of biological rhythms 
that are key contributors to performance, such as 
locomotion and respiration. In this talk, we present the 
main concepts underlying rhythmical entrainment in 
biological systems, and their potential consequences in 
terms of movement stability, overall performance and 
wellness. We present the results of several experiments 
performed in young adults running on a treadmill or 
outside the lab. These experiments exploit our intelligent 
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running architecture — BeatRun — able to deliver 
embodied, flexible, and efficient rhythmical stimulation. 
Our results show the often beneficial but sometimes 
detrimental effect of running in music, the entrainment 
asymmetry between locomotor and respiratory systems, 
and large individual differences. These results are 
discussed in terms of the dynamics of flexible coupling 
between running and breathing and rhythmical 
entrainment. Consequences for sport performance, 
wellness, efficiency in daily work, and the development 
of new music technologies are envisaged.  
 
Bayview A - 11:40  
 
The empowering effect of being 
locked to the beat of music 
Marc Leman (Ghent University); Edith Van Dyck 
(Ghent University); Bart Moens (Ghent 
University); Jeska Buhman (Ghent University); 
A regular rhythm in music is a strong driver for 
establishing a synchronized human rhythm. Typically 
human rhythm tends to go along with the musical 
rhythm in such a way that a salient feature of the human 
rhythm matches the timing of a salient feature of the 
musical rhythm. But what are the underlying 
mechanisms behind music-movement synchronization, 
and what are the generated effects? The goal of this talk 
is to introduce and offer different views on the study of 
the underlying mechanisms, and to show how being 
locked to the beat of the music can pave the way for an 
overall empowerment effect. We base our ideas on a 
technology that allows us to manipulate the entrainment 
strength towards phase-locked synchronization. The 
results of our findings are relevant for assistive 
synchronization technologies such as a smart walkman 
for patients with Parkinson’s disease, or a running 
assistent for healthy runners developed in BeatHealth. 
 
Bayview A - 12:00  
 
BeatHealth: a platform for 

synchronizing music to movement 
in the real world 
Rudi Villing (Maynooth University); Joseph 
Timoney (Maynooth University); Victor Lazzarini 
(Maynooth University); Sean O’Leary 
(Maynooth University); Dawid Czesak 
(Maynooth University); Tomas Ward (Maynooth 
University); 
The BeatHealth project delivers a music driven 
application designed to improve the wellness of healthy 
runners and people with Parkinson’s disease by suitably 
modulating the coupling of music to their movement. 
Specifically, musical stimulation is adapted in real time to 
synchronize with human gait so as to motivate the user 
and reinforce, stabilize, or modify their gait 
characteristics. This research focused on the 
development of a mobile platform, comprising a mobile 
phone application and low-cost wearable wireless 
sensors. This mobile platform conveniently translates the 
BeatHealth laboratory findings and algorithms to an 
embodiment suitable for real world use. The 
development process demanded an interdisciplinary 
approach which integrated the fields of movement, 
music, and technology. Sensor technology was developed 
to accurately track the kinematic activity which formed 
the input to the musical stimulation process running on 
the mobile phone. This process selects suitable audio 
tracks from a playlist and dynamically alters their 
playback rate in real time so that the rhythm of the 
movement and the music are synchronized. Multiple 
sources of delay and variability in the technology were 
measured and compensated for to ensure that the 
desired synchronization could be achieved. The system 
also required tuning so that it responded appropriately 
to natural movement variability and intentional 
movement changes. The mobile system has been 
validated in a variety of settings using laboratory 
equipment. Ultimately, the BeatHealth mobile platform 
provides a synchronization capability that has not been 
available to date for music and movement applications. 
Moreover, the technical architecture of the platform can 
be adapted to synchronize with essentially any repetitive 
movement or rhythmic pulse which can be described as 
an oscillator. This gives the platform potential 
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applicability in a wide range of studies examining the 
complex relationship between music and movement. 
 
 

Music & Neuroscience 2 
Session Chair: Bernhard Ross 
 
Bayview B - 10:30  
 
Metastability and effective brain 
connectivity of groove music 
Maria Witek*, Aarhus University; Eric Clarke, ; 
Mikkel Wallentin, ; Mads Hansen, ; Matthieu 
Gilson, ; Gustavo Deco, ; Morten Kringelbach, ; 
Peter Vuust,  
Groove is a musical quality associated with a pleasurable 
desire to move. Phenomenologically, the ‘groove state of 
listening’ is described as involving feelings of 
entrainment, stability and temporal equilibrium; in many 
ways similar to the optimal metastability found in some 
dynamical systems. We investigated this link between a 
subjective state and brain networks using neuroimaging 
and whole-brain computational modelling of the brain’s 
temporal dynamics during listening to groove music. We 
used stimuli from our previous rating-survey, where we 
found that syncopation – a rhythmic structure that 
stimulates metric expectations –  is an important 
component in groove. Specifically, intermediate levels of 
syncopation elicit the most wanting to move and the 
most pleasure with groove music. We scanned the brains 
of twenty-six healthy participants using functional 
Magnetic Resonance Imaging. Whole-brain 
computational modelling was used to measure the 
changes in metastability and effective connectivity when 
listening to drum-breaks with low, medium and high 
degrees of syncopation. We were able to characterize 
the temporal dynamics and directionality of brain activity 
during listening to groove music. We hypothesised that 
groove music would be associated with networks 
involved in reward, auditory and motor functioning. 
Specifically, we were interested in whether medium 
degrees of syncopation – which are the most pleasure- 

and movement-inducing in groove – would be associated 
with optimality in metastability. In other words, to what 
extent is the temporal stability that listeners experience 
with groove reflected in the coordinated oscillations of 
the interacting brain networks? The novel whole-brain 
computational modelling employed in this study is a 
significant improvement of previous correlational 
neuroimaging studies, and as such our study provides a 
significant breakthrough not only in the neuroscience of 
music but also in brain connectivity more broadly.  
 
Bayview B - 11:00  
 
Neural and physiological correlates 
of rhythm induced trance  
Michael Hove*, Fitchburg State University; 
Assal Habibi, University of Southern California; 
Johannes Stelzer, Max Planck Institute for 
Biological Cybernetics; Rael Cahn, University of 
Southern California 
Rhythmic drumming has been used for centuries to alter 
consciousness and induce states of trance. Rhythm-
induced trance is commonly practiced in shamanism, 
humanity’s most ancient spiritual and healing tradition. 
Most forms of shamanism use similar repetitive rhythms, 
which suggests a common biological basis. Despite 
similar techniques across cultures and powerful 
phenomenology, little is known about the mechanisms 
underlying this form of trance. We present a series of 
studies that examine the neural and physiological 
correlates of rhythm-induced trance in experienced 
shamanic practitioners. In the first study, we used fMRI 
to examine the neural patterns associated with trance. 
Shamanic practitioners (n=15) underwent 8 minute brain 
scans while they listened to rhythmic drumming and 
entered a trance state (or remained in non-trance in a 
control condition). During trance, brain networks 
displayed notable reconfigurations, including increased 
connectivity in regions associated with internal thought 
(the default mode’s posterior cingulate cortex) and 
cognitive control (dorsal anterior cingulate cortex and 
insula), as well as decreased connectivity within the 
auditory pathway. This network configuration suggests 
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perceptual decoupling and that the repetitive drumming 
was gated out to maintain an internally oriented stream 
of consciousness. We followed up this work in an 
EEG/ERP study that used a similar design to examine 
auditory gating and network activity while shamanic 
practitioners (n=16) experienced rhythm-induced trance 
and a control state. We also present work that examines 
physiological correlates of trance including a study on 
heart-rate variability (a measure of sympathetic vs. 
parasympathetic states) (n=14) and the stress response 
measured in terms of cortisol levels after a ritual session 
(n=20). Together this work helps explicate the common 
use of drumming to alter consciousness and why trance 
is a valuable tool to facilitate insight across cultures.   
 
Bayview B - 11:30  
 
A Functional and Effective 
Connectivity Examination of the 
Brain’s Rhythm Network 
Dane Anderson*, Brain Development Imaging 
Lab; John Iversen, University of California, San 
Diego; Aniruddh Patel, Tufts University; Ralph-
Axel Müller, San Diego State University; Daniel 
Callan, ; Chris Keown, Computational Neural 
Dynamics and Data Laboratory, University of 
California San ; Kathleen Gates, Department of 
Psychology, University of North Carolina at 
Chapel Hill, Chapel Hill 
Deficits in the ability to perceive and produce a beat 
correlate with the impairment of coordinated movement 
in disorders such Parkinson’s disease. Neuroimaging has 
shown that rhythmic movements and maintaining a 
steady beat involve the interaction of auditory and motor 
areas, within a wider network of prefrontal, parietal, 
cerebellar, and striatal regions. How these dynamic 
interactions establish an internal sense of beat and 
enable us to produce rhythms is only beginning to be 
understood, yet may ultimately help develop more 
effective interventions for movement disorders. This 
study therefore examined brain activity across a large 

network using functional (fMRI), functional connectivity 
(fcMRI), and effective connectivity MRI (ecMRI) 
techniques during a beat production and maintenance 
task of contrasting strongly and weakly beat-inducing 
stimuli. fMRI BOLD activation results from14 participants 
(4F, 24 ± 4.5yrs) are consistent with the previous 
literature. Tapping to a strong beat compared to self-
paced tapping showed the greatest relative activation in 
the bilateral auditory cortices, supplementary motor 
areas (SMA), premotor cortices (PMC), and inferior 
frontal gyri (IFG). Relative to a weak beat, significant 
activation was seen in the putamen and thalamus. 
Functional connectivity was examined across a more 
comprehensive group of brain regions of interest (ROIs) 
then has been previously reported (18 ROIs), including 
regions the cerebellum, thalamus, inferior parietal lobe, 
and caudate nucleus. These analyses demonstrated that 
connectivity is remarkably stable regardless of stimulus 
beat strength or self-paced tapping. Examination of the 
strongest signal correlations showed the left IFG, 
thalami, and particularly the SMA may act as important 
connectivity “hubs.” A preliminary ecMRI analysis using 
Group Iterative Multi Model Estimation (GIMME) 
confirmed the fcMRI analyses  outline of the network’s 
structure as well as its identification of important 
network hubs. 
 
 

Aesthetic Perception & 
Response 1 
Session Chair: Bill Thompson 
 
Marina - 10:30  
 
Influence of Information: How 
Different Modes of Writing about 
Music Shape Music Appreciation 
Processes 
Timo Fischinger*, MPI for Empirical Aesthetics; 
michaela Kaufmann, Max Planck Institute for 
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Empirical Aesthetics; Wolff Schlotz, MPI for 
Empirical Aesthetics 
In every concert or while listening to a CD we are 
familiarized to the music heard by informative texts, such 
as program notes and CD booklets. They commonly 
contain information about a work, its composer, or its 
interpretation and offer listening help. Assuming that 
these types of information may have an effect on the 
listeners’ aesthetic judgments, but also, more 
fundamentally, on how the listeners’ perception of the 
music may be modified by this kind of extramusical 
information, two listening experiments adapting the 
framing paradigm were designed in order to shed light 
on this issue. In the first experiment, participants were 
asked to listen to three identical excerpts of the 3rd 
symphony by Brahms. Prior to listening diverging 
descriptions of existing recordings were presented for 
each excerpt. In the second experiment, participants 
listened to a Sinfonia by J. Mysliveček (1737–1781). Half 
of the group was told that they would be listening to W. 
A. Mozart whereas the other half was told they would be 
listening to Mysliveček. Apart from that, the composer’s 
names were combined with texts containing either an 
emotional-expressive or structural description. In both 
experiments, participants had to rate the music using a 
semantic differential that queries aspects of structure, 
sound, musical and emotional expressiveness, and liking. 
By now, 133 (of 150 in total) people participated in both 
experiments. Data collection will be completed by the 
end of January 2016. A preliminary analysis of the data 
collected so far suggests that the manipulation of 
information provided changes the way music is perceived 
and evaluated. By the time of the conference, we are 
confident to show that contextualized listening not only 
influences the listener’s subjective attitude, as studies on 
the prestige effect have shown extensively, but in 
addition, that different modes of writing about music 
affect the perception of various aspects of music, such as 
e.g. musical expressiveness. 
 
Marina - 11:00  
 
Cognitive and affective reactions 

to repeating a piece on a concert 
program  
Andrea Halpern*, Bucknell University; Johnn 
Sloboda, Guildhall School of Music and Drama; 
Chloe Chan, Goldsmiths University of London; 
Daniel Müllensiefen, Goldsmiths College 
Repetition of a piece on a concert program is a well-
established, but uncommon performance practice. 
Musicians have presumed that repetition benefits 
audience enjoyment and understanding but no research 
has examined this.  In two naturalistic and one lab study, 
we examined audience reaction to live performances of 
two contemporary pieces played by the same ensemble 
on the same program.  In line with mere exposure 
research, we expected liking to increase upon second 
hearing, although using contemporary music and 
nonidentical performances might work against an 
increase.  We expected increases in perceived 
understanding, predicted, and actual memory, given a 
second learning trial. Study 1 comprised two 
nonconsecutive performances of Varèse’s Ionisation; the 
audience was pre-informed of the repetition. Study 2 
comprised two pairs of original student compositions: 
one pair was played back-to-back and the other was not; 
the audience was informed of the repetition just before 
the second playing. In Study 3, the fourth (of four) pieces 
was a repeat of the second, recorded from live repeated 
performance; half the listeners were pre-informed of the 
repetition. In all studies, we asked listeners to rate their 
enjoyment and willingness to hear the piece again 
(Affective), and perceived understanding and predicted 
memory of the piece (Cognitive). In Study 3, we assessed 
immediate recognition memory of each excerpt. In all 
studies, Cognitive variables increased significantly. 
Affective reaction also increased except for Ionisation in 
live listening; however that piece was well liked at first 
hearing. Memory performance was low and not related 
to predicted memory, nor increased after a second 
hearing, although memory scores were correlated in the 
two hearings of the same (but not different) piece. Being 
informed or not had no systematic effect. Audience and 
performer reaction was mixed. We discuss the challenges 
and opportunities in studying this interesting 
performance practice. 
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Marina - 11:30  
 
Evaluating Recorded Performance: 
An analysis of critics’ judgements 
of Beethoven s piano sonata 
recordings 
Elena Alessandri*, Lucerne Uni. Applied 
Sciences; Victoria Williamson, University of 
Sheffield; Hubert Eiholzer, Conservatory of 
Southern Switzerland; Aaron Williamon, Royal 
College of Music, London 
Reviews of Beethoven’s piano sonata recordings (N = 
845) published in the Gramophone (1923-2010) were 
collated and analyzed using a combination of data 
reduction and thematic techniques in order to identify 
performance features and extra-performance elements 
that critics discuss and reasons adduced to support their 
value judgements. This led to a novel descriptive model 
of recorded performance critical review. The model 
captures four activities in critical writing – evaluation, 
descriptive judgement, factual information and meta-
criticism – and seven basic evaluation criteria on the 
aesthetic and achievement value of performance, plus 
two recording-specific criteria: live-performance impact 
and collectability. Critical review emerges as a dense 
form of writing open to diverse analytical approaches. 
Findings inform current discourses in aesthetics and open 
new perspectives for empirical music research. In 
particular, they stress the importance of the notion of 
personal achievement in written performance evaluation 
and the role of critics as mediators in the recording 
market.  
 
Marina - 12:00  
 
Clouds and vectors in the spiral 
array as measures of tonal tension 
Dorien Herremans*, Queen Mary University 

London; Elaine Chew, Queen Mary University 
London 
Musical tension is a complex composite concept that is 
not easy to define, nor quantify. It consists of many 
aspects, usually rooted in either the domain of 
psychology (e.g. expectation and emotion) or music 
(rhythm, timbre, and tonal perception). This research 
focuses on the latter category, more specifically, tonal 
tension. Four vector-based methods are proposed for 
quantifying and visualizing aspects of tonal tension based 
on the spiral array, a 3D model for tonality. The methods 
are evaluated empirically using variety of musical 
excerpts.  Our approach first segments a musical excerpt 
into equal length subdivisions and maps the notes to 
clouds of points in the spiral array. Using vector-based 
methods, four aspects of tonal tension are identified 
from these clouds. A first aspect, related to dissonance, is 
captured by the cloud diameter, which shows the 
dispersion of the note clusters in tonal space. The second 
aspect, related to tonal change, is the linear cloud 
momentum, which captures pitch set movements in the 
spiral array. Tensile strain measures how far the tonal 
center of each cloud is displaced from the global key. 
Finally, angular cloud momentum measures the 
directional change for movements in tonal space.  These 
methods are implemented in a system that visualizes 
their results as tension ribbons over the musical score, 
allowing for easy interpretation. The system was tested 
on stimuli used in Farbood (2012)’s empirical study. The 
results show that the user-annotated tension is almost 
always captured by one of the four methods, thus 
corroborating the effectiveness of our methods. The 
study reveals that tension is a composite characteristic 
that should not be captured by one fixed global measure, 
but by varying combinations of aspects such as those in 
this study. These results are verified thorough evaluation 
of snippets containing the Tristan Chord, excerpts from a 
Haydn string quartet, a Beethoven piano sonata, and 
Schoenfield’s Trio and Cafe Music. 
 
 

Social Psychology of Music 1 
Session Chair: Jacques Launay 
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Seacliff D - 10:30  
 
The Song Remains the Same: 
Biases in Musical Judgements and 
the Illusion of Hearing Different 
Songs 
Manuel Anglada-Tort*, Goldsmiths College; 
Daniel Müllensiefen, Goldsmiths College 
Kahneman’s framework of judgements and decision-
making (2011) challenges the assumption of human 
rationality and is one of the fundamental theories 
underlying behavioural economics. This study aims to 
answer to what degree Kahneman’s framework may be 
useful to study musical judgements and preferences and 
to what extent people use rational and objective 
judgements when evaluating music. In order to address 
these questions, we investigated how judgement biases 
affect participants’ evaluations of music. Specifically, we 
tested the effects of mere-exposure and contextual 
information. 72 participants were misled to think that 
they heard three different performances of the same 
musical piece while in fact they heard the exact same 
recording three times. Each time, the recording was 
accompanied by a different text suggesting low, medium 
or high prestige of the performer. Participants were 
tested with an excerpt from a classical piece that was 
generally unfamiliar and a rock piece that was more 
familiar to participants. Most participants (85%) were 
prone to the deception and reported the illusion of 
hearing different songs, believing that they had listened 
to different musical recordings. Participants’ judgements 
showed a clear mere-exposure and contextual 
information effect. The deception affected both 
musicians and non-musicians’ judgements alike. Results 
were very similar for a control group that did not receive 
any accompanying information about the recordings. 
Also, results for both musical pieces were very similar. In 
conclusion, this research shows that when individuals 
attempt to evaluate music, they rely on cognitive biases 
and heuristics that do not depend on the music itself, 
giving rise to ‘non-rational’ outcomes that are not based 
on musical differences. We therefore argue that research 

on musical preferences and judgements needs a 
consistent framework that takes into account the ‘non-
rational’ character of human choice behaviour, such as 
Kahneman’s framework. 
 
Seacliff D - 11:00  
 
Being Moved by Unfamiliar Sad 
Music is Associated with Empathy 
Tuomas Eerola*, Durham University; Jonna 
Vuoskoski, Oxford University 
The paradox of enjoying listening to music that evokes 
sadness is yet to be fully understood. Unlike prior studies 
that have explored potential explanations related to 
lyrics, memories, and mood regulation, we investigated 
the types of emotions induced by unfamiliar, 
instrumental sad music, and whether these responses 
are consistently associated with individual differences.   
102 participants were drawn from a representative 
sample to minimize self-selection bias. Participants 
listened to an unfamiliar instrumental sad music, and 
psychophysiological responses (EDA and HRV) were 
recorded during the listening, and self-reports and 
indirect measures of emotion were collected 
immediately after the listening task.   The results suggest 
that the emotional responses induced by unfamiliar sad 
music could be characterized in terms of three 
underlying factors: Relaxing sadness, Moving sadness, 
and Nervous sadness. Moving sadness captured an 
intense experience that involved feelings of sadness and 
being moved, while Relaxing sadness was characterized 
by felt and perceived peacefulness and positive valence. 
Nervous sadness was associated with felt anxiety, 
perceived scariness and negative valence. These 
interpretations were supported by indirect measures of 
felt emotion and physiology. Experiences of Moving 
sadness were strongly associated with high trait empathy 
and emotional contagion, but not with other previously 
suggested traits such as absorption or nostalgia-
proneness. Relaxing sadness and Nervous sadness were 
not significantly predicted by any of the individual 
difference variables.   The findings are discussed within a 
theoretical framework of embodied emotions and 
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contrasted with the recent music and sadness studies 
using self-selected music. The implications about the 
specific mechanisms responsible for the experiences 
(e.g., episodic memories vs. emotional contagion) will 
also be considered.  
 
Seacliff D - 11:30  
 
Situational and dispositional 
influences on the functions of 
music listening 
Fabian Greb*, MPI for Empirical Aesthetics; 
Wolff Schlotz, MPI for Empirical Aesthetics; 
Jochen Steffens, MPI Empirical Aesthetics 
Research on the functions of music listening mainly 
conceptualizes the functions as traits, whereas the 
potential variability across situations receives scant 
attention. Although many researchers mention the 
importance of situational influences on the way we 
interact with music, research on situation sill is in its 
infancy. Hence, this study aimed to differentiate between 
dispositional and situational influences on the functions 
of music listening and to reveal their relative importance. 
Another goal was to identify the most important 
situational and dispositional variables predicting the 
functions of music listening. To this end 587 persons 
completed an online study. Each participant sequentially 
described three self-selected listening situations and 
reported on situational characteristics (e.g. presence of 
other people, mood), the functions of music listening, 
and the music they usually listen to in the specific 
situation. After describing the listening situations, 
participants reported on sociodemographics and traits 
formerly shown to correlate with the functions of music 
(e.g. Big Five, musical taste). Mixed model analyses 
revealed that on average 36% of the variance of the 
functions was due to differences between persons and 
64% of the variance was attributable to within person 
differences between situations. For further analyses all 
situational variables were within-subject-centered to 
separate situation-related from person-related effects. 
Several situational predictors such as activity or presence 

of other people were shown to have significant effects on 
all functions. In conclusion, the study gives valuable 
insight into how situational factors affect the functions of 
music listening. It further supports the conceptualization 
of the functions of music as both state and trait. As this 
study is part of a project aiming to predict music 
selection behavior, the potential significance of the 
functions as predictors will be analyzed in further steps. 
 
Seacliff D - 12:00  
 
Affording social interaction and 
collaboration in musical joint 
action. 
Ashley Walton*, University of Cincinnati; Auriel 
Washburn, University of Cincinnati; Elaine 
Hollensbe, University of Cincinnati; Michael 
Richardson, University of Cincinnati 
Many daily activities require the coordination of actions 
with others, including navigating a crowded sidewalk, 
dancing with a partner, and participating in musical 
groups. Like everyday social behavior, musical joint 
action emerges from the complex interaction of 
environmental and informational constraints, including 
those of the instruments and the performance context. 
Music improvisation in particular is more like everyday 
interaction in that dynamics emerge spontaneously 
without a rehearsed score or script. Here we examined 
how the structure of the musical context affords and 
shapes interactions between improvising musicians. Six 
pairs of professional piano players improvised with three 
different backing tracks while their movements were 
recorded using a wireless motion tracking system. Each 
backing track varied in rhythmic and harmonic 
information, ranging from a chord progression, to a 
single tone. Afterward, while viewing videos from the 
performance trials, musicians narrated how they decided 
what to play and when. Narratives were analyzed using 
grounded theory (a qualitative method) to identify 
themes. For backing tracks with more structure, themes 
included expertise and signaling; for backing tracks with 
less structure: personality, novelty, and freedom. 



ICMPC14 : JULY 5-9, 2016, SAN FRANSISCO, CA WEDNESDAY 

 

 77 

 

Differences in movement coordination and playing 
behavior were evaluated using linear and non-linear time 
series methods, to provide an understanding of the 
multi-scale dynamics that create the potential for musical 
collaboration and creativity. Collectively, our findings 
indicate that each backing track afforded the emergence 
of different coordination dynamics with respect to how 
they played together, how they moved together, as well 
as their experience collaborating with each other. 
Musical improvisation therefore provides a way to 
understand how social interaction emerges from the 
structure of the behavioral context, and how this 
structure supports coordination and collaboration in 
everyday behavior. 
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Seacliff A-C 14:00  
 
Memory & Music 2 

 
WE1:Music, autobiographical memories and elderly people 
Jose Davison Silva Junior*, Federal University of Bahia; Diana Santiago, Federal University of Bahia 

 
WE2:Enhancing working memory for actions through entrainment to an auditory cue 
Kate Stevens*, The MARCS Institute; Kathleen Wyeth, Western Sydney University; Jia Hoong Ong, The 
MARCS Institute 

 
WE3:How do you remember all the words? Singing along facilitates memory for song lyrics 
Lucy McGarry*, University of Western Ontario; Adrian Owen, University of Western Ontario; Jessica 
Grahn, University of Western Ontario 

 
WE4:Investigating autobiographical memory recall in dementia and healthy older adults following 
exposure to familiar popular music 
Renee Schapiro*, Goldsmiths College; Denise Evert, Skidmore College; Daniel Müllensiefen, Goldsmiths 
College 

 
WE5:Differential use of cognitive strategies in a musical transcription task: cues from implemental 
memory 
Ruth Cruz de Menezes*, Laval University; Maria Teresa Moreno Sala, Laval University; Matthieu 
Guitton, Laval University 

 
WE6:The Effects of the Instrument Played on the Working Memory Capacity of Musicians. 
Stephanie Whittaker*, The University of Chester; Margaret Cousins, The University of Chester 

 

Music & Emotions 2 
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WE7:Self-chosen music listening at home, emotion and mood regulation 
Alexandra Lamont*, Keele University; laura Vassell, Keele University 

 
WE8:Hearing Wagner: Physiological Responses to Richard Wagner’s Der Ring des Nibelungen 
David Baker*, Louisiana State University; Daniel Müllensiefen, Goldsmiths College 

 
WE9:The effects of hearing aids and hearing impairment on the physiological response to emotional 
speech 
Gabriel Nespoli*, Ryerson University; Gurjit Singh, Ryerson University and Phonak AG; Frank Russo, 
Ryerson University 

 
WE10:Coping with interpersonal distress: Can listening to music alleviate loneliness? 
Katharina Schäfer*, University of Jyväskylä; Tuomas Eerola, Durham University 

 
WE11:Does the Familiarity and Timing of the Music Affect Implicit Measures of Emotion? 
Laura Edelman*, Muhlenberg College; Patricia Helm, Muhlenberg College; Samantha Levine, 
Muhlenberg College; Gina Morrello, Muhlenberg College; Sarah Levine, Muhlenberg College 

 
WE12:Emotional reactions in music listeners suffering from depression: differential activation of the 
underlying psychological mechanisms  
Laura Sakka*, Uppsala University 

 
WE13:Music liking, arousal and cognition 
Tessa Overboom, Leiden University; Jade Verheijen, Leiden University; Joyce de Bruin, Leiden University; 
Rebecca Schaefer*, Leiden University 

 
WE14:Perceptual-Motor Entrainment in the Context of the Speech to Song Illusion: Examining 
Differences in Tapping Patterns to Perceived Speech vs. Song 
Alexandria Pabst*, UC Merced; Christina Vanden Bosch der Nederlanden, University of Nevada Las 
Vegas; Auriel Washburn, University of Cincinnati; Drew Abney, University of California, Merced; Eric 
Chiu, University of California, Merced; Ramesh Balasubramaniam, University of California, Merced 
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Music & Language 2 

 
WE15:Please Don't Stop the Music: Song Completion in Patients with Aphasia  
Anna Kasdan*, Boston University; Swathi Kiran, Boston University  

 
WE16:Do musical abilities predict reading, spelling, and mathematical competence in young adults? 
Kathleen Corrigall*, MacEwan University; Sarah Hansen, MacEwan University 

 
WE17:Investigating music schemas as a form of linguistic constructions in the music of the Dong 
people in Guizhou, China 
Kathryn Davies*, University of Hong Kong 

 
WE18:Characteristics of Non-linguistic Vocalizations as Auditory Emoticons 
Kyoungsoo Chun*, KAIST; Jinah Kwak, ; Juhan Nam,  

 
WE19:Categorization in the speech to song transformation (STS) 
Makiko Sadakata, University of Amsterdam; Bas Cornelissen*, University of Amsterdam; Henkjan 
Honing, University of Amsterdam 

 
WE20:Temporal Event Clustering differs in Infant- versus Adult-Directed Speech and Song 
Simone Falk, LMU; Christopher Kello*, University of Merced 

 
WE21:Relation of Musical Training to Vocoded Speech Recognition 
TERRY GOTTFRIED*, LAWRENCE UNIVERSITY; Tahnee  Marquardt, Lawrence University; Sara Prostko, 
Lawrence University; Gina Scharenbroch, University of Minnesota 

 
WE22:High Talkers, Low Talkers, Yada, Yada, Yada: What Seinfeld tells us about emotional 
expression in speech and music 
Tiffany Bamdad*, University of Maryland; Brooke Okada, Department of Psychology, University of 
Maryland; L. Robert Slevc, University of Maryland, Colleg 

 
WE23:New, freely-available technology for studying the impact of simple musical training on speech 
perception in cochlear implant users  
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Thomas Colgrove, Tufts University; Aniruddh Patel*, Tufts University 

 
WE24:Animated performance: ‘Better’ music means larger movements 
Caitlyn Trevor*, Ohio State University; David Huron, Ohio State University 

 

Music & Movement 2 

 
WE25:Kinematic Features and Auditors’ Perception of Expressive Gesture in Romantic Piano 
Performances 
Catherine Massie-Laberge*, McGill University; Isabelle Cossette, McGill University; Marcelo Wanderley,  

 
WE26:Effects of Temporal Congruence on Evaluations of Conductor Efficacy 
Cory Meals*, Kennesaw State University; Steven Morrison, University of Washington; Deborah 
Confredo, Temple University  

 
WE27:Measuring when we breathe with music 
Finn Upham*, New York University 

 
WE28:Validation of a Simple Tool to Characterize Postural Stability in the Setting of the Indian 
Classical Dance form, Bharatnatyam 
Nandita Shankar*, Tulane University; Ramesh Balasubramaniam, University of California, Merced 

 
WE29:Singing about sharing: Music making and preschoolers’ prosocial behavior 
Sara Beck*, Vanderbilt University; John Rieser, Vanderbilt University 

 
WE30:Measuring Stress in Cases of Discrepancy Between a Task Description and the Accompanying 
Gesture, Using the Example of Conducting 
Sarah Platte*, MIT Media Lab; Rosalind Picard, MIT Media Lab; Morten Schuldt-Jensen, University of 
Music, Freiburg, Germany 

 
WE31:Movement restriction when listening to music impacts positive emotional responses to and 
liking of pieces of music 
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Shannon Wright*, Simon Fraser University; Evan Caldbick, Simon Fraser University; Mario Liotti, Simon 
Fraser University 

 
WE32:Auditory-motor Interactions in the Music Production of Adults with Cochlear Implants 
Tara Vongpaisal*, MacEwan University; Daniela Caruso, MacEwan University 

 

Music & Neuroscience 2 

 
WE33:The influence of meter on harmonic syntactic processing in music. An ERP study 
Clemens Maidhof*, University of Cologne; Rie Asano, University of Cologne 

 
WE34:Effect of musical expertise on the coupling of auditory, motor, and limbic brain networks 
during music listening 
Iballa Burunat*, University of Jyväskylä; Valeri Tsatsishvili, University of Jyväskylä; Elvira Brattico, 
Aarhus University ; Petri Toiviainen, University of Jyväskylä 

 
WE35:Neural changes after multimodal learning in pianists – An fMRI study 
Maria Celeste Fasano*, Aarhus University; Ben Gold, McGill University; Enrico Glerean, Aalto University; 
mikko Sams, Aalto University; Josef Rauschecker, Georgetown University; Dana Sheng, Georgetown 
University; Elvira Brattico, Aarhus University  

 
WE36:Representation of musical beat in scalp-recorded EEG responses: A comparison of spatial 
filtering techniques 
Steven Losorelli, Stanford University; Blair Kaneshiro*, Stanford University; Jonathan Berger, Stanford 
University 

 
WE37:Reading the musical mind: from perception to imagery, via pattern classification of fMRI data 
Tudor Popescu*, TU Dresden; Hannes Ruge, ; Oren Boneh, ; Fernando Bravo, TU Dresden; Martin 
Rohrmeier, TU Dresden 

 
WE38:Time-Dependent Changes in the Neural Processing of Repetitive “Minimalist” Stimuli 
Tysen Dauer*, Stanford ; Audrey Ho,  Departments of Electrical Engineering and Computer Science, 
Stanford University; Takako Fujioka, Stanford University 
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WE39:Music, Animacy, and Rubato: What makes music sound human? 
Adrian Blust*, Music Cognition & Computation; David Baker, Louisiana State University; Kaitlin Richard, 
School of Music, LSU; Daniel Shanahan, Louisiana State University 

 

Music Performance 2 

 
WE40:Metaphor use in skilled movement: music performance, dance and athletics 
Jake Pietroniro, University of California, Santa Barbara; Joyce de Bruin, Leiden University; Rebecca 
Schaefer*, Leiden University 

 
WE41:The Role of Self-talk in Music Practice Cognition 
Julie Stephens*, University of Texas at Austin; Amy Simmons, University of Texas at Austin 

 
WE42:Outliers in Performed Loudness Transitions: An Analysis of Chopin Mazurka Recordings 
Katerina Kosta*, Queen Mary University London; Oscar Bandtlow, Queen Mary University of London; 
Elaine Chew, Queen Mary University London 

 
WE43:How Stable are Motor Pathways in Beginning Wind Instrument Study? 
Laura Stambaugh*, Georgia Southern University 

 
WE44:Performers’ motions reflect their intention to express local or global structure in melody 
Madeline Huberth*, Stanford University; Takako Fujioka, Stanford University 

 
WE45:Cognitive and affective empathic responses to contemporary western solo piano performance 
May Broughton*, The University of Queensland; Jessie Dimmick, The University of Queensland 

 
WE46:Silent Reading and Aural Models in Pianists' Mental Practice 
Nina  Loimusalo*, University of Jyväskylä, Fin; Erkki Huovinen, University of Jyväskylä, Finland 

 
WE47:Auditory and motor learning for skilled and novice performers 
Rachel Brown*, Maastricht University; Virginia Penhune, Concordia University 
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WE48:Artistic practice: Expressive goals provide structure for the perceptual and motor components 
of music performance 
Sarah Allen*, Southern Methodist University; Carla Cash, Texas Tech University; Amy Simmons, 
University of Texas at Austin; Robert Duke, The University of Texas at Austin 

 
WE49:Attentional Control and Music Performance Anxiety: Underlying Causes of Reduced 
Performance Quality 
Sarah Lade*, McMaseter University; Laurel Trainor, McMaster University; Serena Tse, McMaster 
University 

 
WE50:Effect of Room Acoustics on Listeners’ Preference of String Quartet Performances Recorded in 
Virtual Acoustics 
Song Hui Chon*, Ohio State University; Sungyoung Kim, Rochester Institute of Technology; Doyuen Ko, 
Belmont University 

 
WE51:Computational analysis of expressive shape in music performance 
Taehun Kim*, Technische Universität Berlin; Stefan Weinzierl, Technische Universität Berlin 

 
WE52:Solo vs. duet in different virtual rooms: On the consistency of singing quality across conditions 
Timo Fischinger*, MPI for Empirical Aesthetics; Gunter Kreutz, Carl von Ossietzky University of 
Oldenburg; Pauline Larrouy-Maestri, Max-Planck Institute 

 
WE53:Anytime, Anyplace, Anywhere: The Holy Trinity of Music Streaming? 
Geoff Luck*, University of Jyväskylä 

 

Social Psychology of Music 2 

 
WE54:Is complex coordination more important for maintaining social bonds than synchronization? 
Jacques Launay*, Brunel University London; Robin Dunbar, University of Oxford 

 
WE55:Why listen to music right now? – Towards an inventory measuring the functions of music 



ICMPC14 : JULY 5-9, 2016, SAN FRANSISCO, CA WEDNESDAY 

 

 85 

 

listening under situational influences 
Jochen Steffens*, Max-Planck-Institute ; Fabian Greb, MPI for Empirical Aesthetics; Wolff Schlotz, MPI 
for Empirical Aesthetics 

 
WE56:The effect of music listening on Theory of Mind 
Jonna Vuoskoski*, Oxford University; David  Greenberg, City University of New York; Tuomas Eerola, 
Durham University; Simon Baron-Cohen, University of Cambridge; Jason Rentfrow, University of 
Cambridge 

 
WE57:Musical Eclecticism in Terms of the Human Development Index 
Michael Barone*, McMaster University; Matthew Woolhouse, McMaster University 

 
WE58:Empathy and moral judgment: the effects of music and lyrics 
Naomi Ziv*, College of Management Academic; Shani Twana, Tel-Aviv Yafo Academic College 

 
WE59:The effects of music on consumer mood states and subsequent purchasing behavior in an 
online shopping environment 
Nicola Dibben*, University of Sheffield; Alison Wong, University of Sheffield 

 
WE60: “Gonna make a difference” – Effects of prosocial engagement of musicians on music appraisal 
of recipients 
Nicolas Ruth*, University of Wuerzburg 

 
WE61:A Journey to Ecstasy: The lived experiences of electronic dance music festival attendees 
Noah Little*, Jyväskylä University; Birgitta Burger, University of Jyväskylä 

 
WE62:A psychological approach to understanding the varied functions that different music formats 
serve 
Steven Brown, The University of Edinburgh; Amanda Krause*, Curtin University 

 
WE63:Picking up good vibrations: The effect of collaborative music making on social bonding and 
enjoyment 
Stephen Ash*, University of Mary Hardin-Bayl; Joshua Albrecht, University of Mary Hardin-Baylor 
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Music,	  Health,	  Science	  &	  
Industry	  2	  
 

Panel	  Discussion	  
 

Bayview	  A-‐	  15:00	  
	  

The	  intersection	  of	  art,	  medicine,	  
science	  and	  industry:	  Improving	  
public	  health	  and	  well-‐being	  
through	  music	  and	  technology	  
	  	  
Discussant:	  Benoit	  Bardy	  (University	  of	  
Montpellier)	  
Convener:	  Theodore	  Zanto	  (University	  of	  
California	  San	  Francisco)	  
Panel:	  Adam	  Gazzaley	  (University	  of	  California	  
San	  Francisco),	  Michael	  Winger	  (The	  Recording	  
Academy,	  SF),	  Matt	  Logan	  (UCSF	  Benioff	  
Children’s	  Hospital),	  Ketki	  Karanam	  (The	  Sync	  
Project)	  
	  
This	  panel	  discussion	  (Bayview	  A,	  3	  pm	  –	  4	  pm)	  will	  serve	  
to	  bridge	  the	  first	  and	  the	  third	  sessions	  on	  “Music,	  
Health,	  Science	  &	  Industry”. Session	  one	  (	  Bayview	  
A,	  10:30	  am	  –	  12:30	  pm)	  focuses	  on	  the	  application	  of	  
current	  mobile	  and	  sensor	  technologies	  to	  improve	  
health	  outcomes	  through	  rhythmic	  entrainment.	  The	  
third	  session	  (Bayview	  A,	  4:30	  pm	  –	  6	  pm)	  focuses	  on	  
large-‐scale	  industrial	  data	  that	  may	  be	  used	  to	  inform	  
basic	  science	  questions	  on	  musical	  engagement.	  
Therefore,	  this	  panel	  discussion	  will	  concentrate	  on	  how	  
current	  technologies	  such	  as	  mobile	  devices,	  apps,	  
sensors	  and	  the	  large-‐scale	  data	  they	  provide,	  can	  be	  
integrated	  to	  improve	  health	  and	  wellness	  on	  a	  large	  
scale	  through	  musical	  engagement.	  This	  intersection	  
between	  art,	  medicine,	  science	  and	  industry	  will	  be	  
discussed	  by	  four	  panels	  and	  a	  discussant	  who	  are	  each	  
leaders	  in	  these	  respective	  fields.	  	  
	  
	  

Rhythm,	  Meter	  &	  Timing	  2	  
Session	  Chair:	  Simone	  Dalla-‐Bella	  
	  

Bayview	  B	  -‐	  	  15:00	  	  
	  
A	  Bayesian	  approach	  to	  studying	  
the	  mental	  representation	  of	  
musical	  rhythm	  using	  the	  method	  
of	  serial	  reproduction	  
Elisa	  Fromboluti*,	  Michigan	  State	  University;	  
Patrycja	  	  Zdziarska	  ,	  Michigan	  State	  University;	  
Qi	  Yang,	  ReSound;	  J.	  Devin	  McAuley,	  Michigan	  
State	  University	  
Adult	  listeners	  lose	  some	  ability	  to	  recognize	  and	  
categorize	  rhythmic	  patterns	  present	  in	  infancy	  through	  
enculturation	  to	  a	  musical	  tradition.	  Some	  constraints	  on	  
rhythm	  perception,	  however,	  are	  likely	  to	  be	  innate.	  The	  
present	  research	  investigated	  the	  mental	  representation	  
of	  musical	  rhythm	  using	  the	  method	  of	  serial	  
reproduction.	  Participants	  were	  presented	  with	  brief	  
sequences,	  and	  then	  reproduced	  what	  they	  heard	  or	  saw	  
by	  tapping.	  The	  reproduced	  rhythm	  served	  as	  the	  target	  
rhythm	  for	  the	  next	  participant.	  Data	  were	  collected	  in	  a	  
public	  setting	  using	  a	  custom-‐designed	  app	  at	  ArtPrize,	  a	  
19-‐day	  art	  competition	  in	  Michigan.	  Over	  400	  individuals	  
varying	  in	  age	  and	  musical	  experience	  participated.	  
Modality,	  rhythmic	  structure,	  and	  tempo	  of	  initial	  
sequences	  were	  manipulated.	  A	  Bayesian	  analysis	  is	  
being	  conducted	  to	  examine	  how	  each	  link	  in	  the	  chain	  of	  
reproductions	  systematically	  distorts	  the	  information	  
passed	  from	  person	  to	  person.	  We	  hypothesize	  that	  (1)	  
individual	  priors	  for	  tempo	  center	  on	  previously	  observed	  
preferred	  tempo	  within	  a	  range	  of	  inter-‐onset-‐intervals	  
(IOIs)	  between	  400–600-‐ms;	  and	  (2)	  priors	  for	  meter	  may	  
depend	  on	  both	  cultural	  expectations	  and	  inherent	  
constraints.	  Consistent	  with	  the	  prediction	  that	  
regardless	  of	  the	  rhythm	  initiating	  a	  chain,	  iterations	  of	  
reproductions	  will	  converge	  to	  culturally-‐	  or	  cognitively-‐
predicted	  preferred	  tempo	  or	  meter,	  preliminary	  analysis	  
of	  the	  tempo	  chains	  reveals	  systematic	  drift	  in	  the	  
reproduced	  IOIs	  to	  the	  predicted	  preferred	  tempo	  range	  
for	  both	  auditory	  and	  visual	  sequences.	  Analysis	  of	  chains	  
involving	  the	  reproduction	  of	  simple	  and	  complex	  meters	  
is	  in	  progress.	  To	  our	  knowledge,	  this	  approach	  to	  
studying	  the	  influence	  of	  biases	  on	  rhythm	  perception	  is	  
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unique:	  the	  method	  of	  data	  collection	  enables	  us	  to	  
engage	  a	  broader	  population	  of	  non-‐experts	  in	  music	  
cognition	  than	  is	  typically	  seen	  in	  the	  lab	  using	  a	  method	  
that	  has	  not	  yet	  been	  applied	  to	  examine	  the	  mental	  
representation	  of	  rhythm.	  

	  
Bayview	  B	  -‐	  15:15	  	  
	  
Absolute	  versus	  Relative	  
Judgments	  of	  Musical	  Tempo:	  The	  
Roles	  of	  Auditory	  and	  
Sensorimotor	  Cues	  
Justin	  London*,	  Carleton	  College;	  Birgitta	  
Burger,	  University	  of	  Jyväskylä;	  Marc	  
Thompson,	  University	  of	  Jyväskylä;	  Petri	  
Toiviainen,	  University	  of	  Jyväskylä	  
1.	  Background	  Listeners	  have	  good	  memories	  for	  the	  
absolute	  tempo	  of	  well-‐known	  songs	  and	  are	  sensitive	  to	  
relative	  tempo	  differences	  in	  simple	  rhythms,	  but	  in	  a	  
recent	  study	  (London,	  et	  al,	  Acta	  Psychologica	  2016)	  
participants	  made	  systematic	  errors	  when	  presented	  
with	  time-‐stretched	  vs.	  original	  versions	  of	  popular	  
songs:	  sped-‐up	  slow	  songs	  were	  rated	  faster	  than	  slowed	  
down	  fast	  songs,	  even	  though	  their	  absolute	  tempos	  
(measured	  in	  beats	  per	  minute)	  were	  the	  same.	  	  	  2.	  Aims	  
To	  study	  these	  errors	  and	  their	  possible	  sources,	  two	  
follow-‐up	  experiments	  were	  conducted.	  The	  first	  varied	  
BPM	  rate,	  low	  frequency	  spectral	  flux,	  and	  dynamics,	  and	  
the	  second	  involved	  synchronized	  self-‐motion	  (tapping).	  	  	  
3.	  Method	  Stimuli	  from	  the	  previous	  study	  were	  re-‐used	  
in	  both	  experiments,	  6	  classic	  R&B	  songs	  (matched	  
high/low	  flux	  pairs	  at	  105,	  115,	  and	  130	  BPM),	  plus	  
versions	  time-‐stretched	  ±5%;	  participants	  rated	  the	  
speed	  (not	  beat	  rate)	  on	  a	  7-‐point	  scale.	  In	  Exp1	  stimuli	  
were	  presented	  at	  two	  loudness	  levels	  (±7db);	  in	  Exp2	  
stimuli	  were	  presented	  at	  a	  single	  dynamic	  level	  and	  
participants	  tapped	  along	  to	  the	  beat.	  	  	  	  4.	  Results	  In	  Exp1	  
significant	  MEs	  were	  found	  for	  BPM,	  Flux,	  and	  Loudness,	  
and	  a	  significant	  BPM	  x	  Flux	  interaction.	  High	  flux	  songs	  
were	  rated	  faster	  than	  low	  flux,	  louder	  faster	  than	  softer,	  
and	  flux	  and	  loudness	  had	  greater	  effects	  at	  slower	  
tempos.	  Overall,	  the	  confusion	  between	  absolute	  vs.	  

relative	  tempo	  found	  in	  the	  2016	  experiment	  again	  
occurred.	  Pilot	  results	  from	  Exp.	  2	  found	  that	  while	  
tapping	  ameliorated	  the	  relative	  vs.	  absolute	  tempo	  
errors	  somewhat,	  it	  also	  led	  to	  octave	  errors	  at	  faster	  
BPM	  levels,	  and	  correspondingly	  slower	  tempo	  
judgments.	  	  	  5.	  Conclusions	  Collectively,	  these	  results	  
support	  an	  account	  of	  tempo	  in	  which	  "faster"	  is	  equated	  
with	  either	  relative	  or	  absolute	  increases	  in	  observed	  
and/or	  expended	  energy.	  	  	  	  
	  
Bayview	  B	  -‐	  15:30	  	  
	  
The	  perception	  of	  a	  dotted	  rhythm	  
embedded	  in	  a	  two-‐four-‐time	  
framework	  
Chinami	  Onishi*,	  Kyushu	  University;	  Yoshitaka	  
Nakajima,	  Kyushu	  University;	  Emi	  Hasuo,	  	  
Previous	  studies	  had	  shown	  that	  there	  are	  systematic	  
discrepancies	  between	  played	  rhythms	  that	  are	  
physically	  correct	  and	  that	  are	  subjectively	  correct.	  The	  
purpose	  of	  the	  present	  study	  was	  to	  examine	  how	  a	  beat	  
framework	  would	  affect	  a	  discrepancy	  observed	  in	  a	  
dotted	  rhythm.	  A	  dotted	  rhythm	  consisting	  of	  a	  dotted	  
quaver	  and	  a	  semiquaver	  embedded	  in	  two-‐four	  time	  
was	  presented	  to	  13	  participants.	  A	  very	  short	  pure-‐tone	  
bursts	  (1000	  Hz)	  were	  used	  to	  mark	  onsets	  of	  the	  notes;	  
the	  whole	  pattern	  sounded	  as	  if	  played	  on	  a	  percussion	  
instrument.	  The	  location	  of	  the	  dotted	  rhythm	  was	  varied	  
between	  the	  first	  beat	  of	  the	  second	  bar	  and	  the	  second	  
beat	  of	  the	  third	  bar.	  The	  tempo	  was	  80,	  100,	  or	  125	  
bpm.	  A	  music	  notation	  to	  be	  referred	  to	  was	  also	  
presented.	  The	  participants	  were	  instructed	  to	  adjust	  the	  
physical	  ratio	  between	  adjacent	  durations	  so	  as	  to	  make	  
them	  subjectively	  correct.	  The	  results	  obtained	  by	  and	  
large	  indicated	  a	  tendency	  that	  the	  adjusted	  physical	  
proportion	  of	  the	  dotted	  quaver	  was	  larger	  than	  the	  
notated	  proportion,	  either	  in	  the	  order	  of	  the	  dotted	  
quaver	  and	  the	  semiquaver	  (notating	  the	  ratio	  of	  3:1)	  or	  
in	  the	  opposite	  order	  (1:3).	  	  This	  tendency	  was	  larger	  
when	  the	  semiquaver	  preceded	  the	  dotted	  quaver,	  
except	  when	  the	  dotted	  rhythm	  was	  located	  on	  the	  first	  
beat	  of	  the	  second	  bar.	  No	  effect	  of	  the	  location	  within	  
the	  bar	  (whether	  the	  dotted	  rhythm	  was	  on	  the	  first	  or	  
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on	  the	  second	  beat)	  was	  observed.	  The	  subjective	  
proportion	  of	  the	  dotted	  quaver	  tended	  to	  be	  larger	  than	  
the	  notated	  proportion,	  which	  could	  support	  previous	  
studies.	  The	  results	  suggested	  that	  a	  location	  of	  a	  dotted	  
rhythm	  might	  influence	  perception	  of	  the	  rhythm.	  
	  
Bayview	  B	  -‐	  15:45	  	  
	  
It’s	  open	  to	  interpretation:	  
Exploring	  the	  relationship	  between	  
rhythmic	  structure	  and	  tempo	  
agreement	  in	  Bach’s	  "Well	  
Tempered	  Clavier"	  
Michael	  Schutz*,	  ;	  Raven	  Hebert-‐Lee,	  McMaster	  
University;	  Anna	  Siminoski,	  McMaster	  
University	  
Why	  do	  some	  compositions	  compel	  performance	  at	  
certain	  tempi	  whereas	  others	  “sound	  right”	  under	  a	  
variety	  of	  interpretations?	  Although	  J.S.	  Bach’s	  Well	  
Tempered	  Clavier	  has	  been	  reprinted	  numerous	  times	  
and	  recorded	  extensively,	  his	  “indented	  tempi”	  remain	  
elusive.	  	  In	  his	  liner	  notes	  András	  Schiff	  (2011)	  openly	  
confesses	  to	  wondering	  “what	  is	  the	  right	  tempo	  .	  .	  .	  and	  
how	  do	  we	  find	  it?”,	  and	  Wanda	  Landowska	  (1954)	  
acknowledges	  that	  some	  of	  her	  tempos	  “will	  probably	  be	  
surprising.”	  	  Renowned	  artists	  have	  disagreed	  strikingly	  
on	  interpretation—Glenn	  Gould	  recorded	  the	  E	  minor	  
Fugue	  at	  twice	  the	  tempo	  of	  Rosalyn	  Tureck,	  and	  
Anthony	  Newman	  the	  B	  minor	  Prelude	  at	  three	  times	  
that	  of	  Fredric	  Gulda!	  However	  this	  discrepancy	  is	  not	  
universal	  –	  performances	  of	  the	  Eb	  minor	  Prelude	  
typically	  similar.	  Willard	  Palmer’s	  survey	  (used	  previously	  
by	  Poon	  &	  Schutz,	  2015	  to	  quantify	  timing),	  affords	  a	  
novel	  opportunity	  to	  explore	  this	  intriguing	  issue.	  
Palmer’s	  landmark	  analysis	  covers	  20	  authoritative	  
interpretations	  –13	  albums,	  5	  notated	  editions,	  and	  2	  
commentaries.	  	  We	  defined	  tempo	  agreement	  using	  the	  
standard	  deviation	  of	  tempo	  choices,	  and	  calculated	  
rhythmic	  variability	  using	  the	  normalized	  Pair-‐wise	  
Variability	  Index	  (nPVI).	  	  Our	  analysis	  revealed	  that	  pieces	  
with	  high	  rhythmic	  variability	  led	  to	  strong	  tempo	  

agreement	  and	  pieces	  with	  low	  rhythmic	  variability	  (i.e.	  
isochronous)	  led	  to	  low	  tempo	  agreement.	  	  For	  example,	  
the	  Eb	  minor	  Prelude	  exhibited	  the	  greatest	  rhythmic	  
variability,	  as	  well	  as	  the	  strongest	  tempo	  agreement.	  	  In	  
contrast	  both	  the	  B	  minor	  Prelude	  and	  E	  minor	  Fugue	  
consist	  of	  isochronous	  rhythmic	  structures,	  and	  are	  
consequently	  performed	  a	  wide	  range	  of	  tempi.	  The	  
relationship	  between	  rhythmic	  structure	  (nPVI)	  and	  
tempo	  agreement	  raises	  intriguing	  questions	  regarding	  
the	  interaction	  between	  composers’	  structural	  choices	  
and	  performers’	  interpretive	  decisions.	  	  An	  interactive	  
visualization	  is	  now	  available	  online	  at	  
www.maplelab.net/bachTempi.	  

	  
	  

Musical	  Development	  2	  
Session	  Chair:	  Miriam	  Lense	  
	  
Marina	  -‐	  15:00	  	  
	  
Fetal	  facial	  expression	  in	  response	  
to	  intravaginal	  music	  emission	  
Marisa	  López-‐Teijon,	  Instituto	  Marqués;	  Alex	  
Garcia-‐Faura,	  Instituto	  Marqués;	  Alberto	  Prats-‐
Galino,	  Facultad	  medicina	  (UB);	  JORDI	  	  
JAUSET*,	  Communication	  Blanquerna	  
This	  study	  compared	  fetal	  response	  to	  musical	  stimuli	  
applied	  intravaginally	  (intravaginal	  music	  [IVM])	  with	  
application	  via	  emitters	  placed	  on	  the	  mother’s	  abdomen	  
(abdominal	  music	  [ABM]).	  Responses	  were	  quantified	  by	  
recording	  facial	  movements	  identified	  on	  3D/4D	  
ultrasound.	  One	  hundred	  and	  six	  normal	  pregnancies	  
between	  14	  and	  39	  weeks	  of	  gestation	  were	  randomized	  
to	  3D/4D	  ultrasound	  with:	  (a)	  ABM	  with	  standard	  
headphones	  (flute	  monody	  at	  98.6	  dB);	  (b)	  IVM	  with	  a	  
specially	  designed	  device	  emitting	  the	  same	  monody	  at	  
53.7	  dB;	  or	  (c)	  intravaginal	  vibration	  (IVV;	  125	  Hz)	  at	  68	  
dB	  with	  the	  same	  device.	  Facial	  movements	  were	  
quantified	  at	  baseline,	  during	  stimulation,	  and	  for	  5	  
minutes	  after	  stimulation	  was	  discontinued.	  In	  fetuses	  at	  
a	  gestational	  age	  of	  >16	  weeks,	  IVM-‐elicited	  mouthing	  
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(MT)	  and	  tongue	  expulsion	  (TE)	  in	  86.7%	  and	  46.6%	  of	  
fetuses,	  respectively,	  with	  significant	  differences	  when	  
compared	  with	  ABM	  and	  IVV	  (p¼0.002	  and	  p¼0.004,	  
respectively).	  There	  were	  no	  changes	  from	  baseline	  in	  
ABM	  and	  IVV.	  TE	  occurred	  _5	  times	  in	  5	  minutes	  in	  13.3%	  
with	  IVM.	  IVM	  was	  related	  with	  higher	  occurrence	  of	  MT	  
(odds	  ratio¼10.980;	  95%	  confidence	  interval¼3.105–
47.546)	  and	  TE	  (odds	  ratio¼10.943;	  95%	  confidence	  
interval¼2.568–77.037).	  The	  frequency	  of	  TE	  with	  IVM	  
increased	  significantly	  with	  gestational	  age	  (p¼0.024).	  
Fetuses	  at	  16–39	  weeks	  of	  gestation	  respond	  to	  
intravaginally	  emitted	  music	  with	  repetitive	  MT	  and	  TE	  
movements	  not	  observed	  with	  ABM	  or	  IVV.	  Our	  findings	  
suggest	  that	  neural	  pathways	  participating	  in	  the	  
auditory–motor	  system	  are	  developed	  as	  early	  as	  
gestational	  week	  16.	  These	  findings	  might	  contribute	  to	  
diagnostic	  methods	  for	  prenatal	  hearing	  screening,	  and	  
research	  into	  fetal	  neurological	  stimulation.	  	  	  

	  
Marina	  -‐	  15:15	  	  
	  
Fourteen-‐	  but	  not	  twelve-‐month-‐
olds	  use	  interpersonal	  synchrony	  
as	  a	  cue	  for	  third-‐party	  
relationships	  
Laura	  Cirelli*,	  McMaster	  University;	  Stephanie	  
Wan,	  ;	  Laurel	  Trainor,	  McMaster	  University	  
Adults	  expect	  synchronously-‐	  versus	  asynchronously-‐
moving	  individuals	  to	  be	  higher	  in	  rapport.	  This	  third-‐
party	  social	  expectation	  is	  especially	  interesting	  since	  
experiencing	  interpersonal	  synchrony	  encourages	  
prosociality.	  The	  influence	  of	  interpersonal	  synchrony	  on	  
social	  behaviour	  develops	  early.	  More	  specifically,	  14-‐
month-‐old	  infants	  display	  more	  helpfulness	  towards	  a	  
synchronously-‐	  compared	  to	  asynchronously-‐moving	  
experimenter.	  Additionally,	  12-‐month-‐olds	  are	  more	  
likely	  to	  select	  a	  synchronously-‐	  over	  asynchronously-‐
moving	  stuffed	  toy.	  The	  present	  study	  investigated	  
whether	  interpersonal	  synchrony	  observed	  between	  
third-‐party	  individuals	  cues	  expectations	  for	  affiliation	  in	  
12-‐	  (n=16)	  and	  14-‐month	  old	  (n=32)	  infants.	  Infants	  sat	  
on	  their	  parent’s	  lap	  and	  watched	  videos	  of	  pairs	  of	  

women	  moving	  either	  synchronously	  or	  asynchronously	  
to	  music	  for	  2	  minutes.	  Afterwards,	  infants	  watched	  test	  
trial	  videos	  of	  these	  women	  interacting	  either	  positively	  
(waving)	  or	  negatively	  (turning	  away).	  Looking	  times	  
were	  measured	  to	  assess	  infant	  expectations	  about	  how	  
these	  women	  should	  interact.	  Because	  infants	  look	  
longer	  at	  surprising	  events,	  we	  predicted	  that	  they	  would	  
look	  longer	  to	  negative	  interactions	  between	  
synchronous	  partners,	  and	  to	  positive	  interactions	  
between	  asynchronous	  partners.	  We	  found	  no	  effect	  of	  
movement	  condition	  or	  test	  trial	  type	  on	  test	  trial	  looking	  
times	  for	  12-‐month-‐olds.	  However,	  we	  found	  the	  
predicted	  interaction	  in	  14-‐month-‐olds.	  They	  were	  
surprised	  to	  see	  asynchronous	  partners	  interacting	  
positively,	  suggesting	  that	  they	  did	  not	  expect	  these	  
women	  to	  be	  affiliates.	  However,	  there	  was	  no	  difference	  
in	  looking	  times	  to	  either	  test	  trial	  in	  the	  synchrony	  
conditions.	  These	  results	  show	  that	  14-‐	  but	  not	  12-‐month	  
old	  infants	  have	  different	  expectations	  about	  third-‐party	  
social	  relationships	  between	  those	  who	  move	  in-‐	  or	  out-‐
of-‐synchrony	  with	  one	  another.	  	  

	  
Marina	  -‐	  15:30	  	  
	  
Investigating	  the	  importance	  of	  
self-‐theories	  of	  intelligence	  and	  
musicality	  for	  students	  	  academic	  
and	  musical	  achievement	  
Daniel	  Müllensiefen*,	  Goldsmiths	  College;	  Peter	  
Harrison,	  ;	  francesco	  Caprini,	  ;	  Amy	  Fancourt,	  	  
Musical	  abilities	  and	  active	  engagement	  with	  music	  have	  
been	  shown	  to	  be	  positively	  associated	  with	  many	  
cognitive	  abilities	  as	  well	  as	  social	  skills	  and	  academic	  
performance	  in	  secondary	  school	  students.	  While	  there	  is	  
evidence	  from	  intervention	  studies	  that	  musical	  training	  
can	  be	  a	  cause	  of	  these	  positive	  relationships,	  recent	  
findings	  in	  the	  literature	  have	  suggested	  that	  other	  
factors	  (e.g.	  genetics,	  family	  background,	  personality	  
traits)	  might	  also	  contribute.	  In	  addition,	  there	  is	  
mounting	  evidence	  that	  self-‐concepts	  and	  beliefs	  can	  
affect	  academic	  performance	  independently	  of	  
intellectual	  ability.	  However,	  it	  is	  currently	  not	  known	  
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whether	  student	  s	  beliefs	  about	  the	  nature	  of	  musical	  
talent	  also	  influence	  the	  development	  of	  musical	  abilities	  
in	  a	  similar	  fashion.	  Therefore,	  this	  study	  introduces	  a	  
short	  self-‐report	  measure	  termed	  “Musical	  Self-‐Theories	  
and	  Goals,”	  closely	  modeled	  on	  validated	  measures	  for	  
self-‐theories	  in	  academic	  scenarios.	  Using	  this	  measure	  
the	  study	  investigates	  whether	  musical	  self-‐theories	  are	  
related	  to	  students	  	  musical	  development	  as	  indexed	  by	  
their	  concurrent	  musical	  activities	  and	  their	  performance	  
on	  a	  battery	  of	  listening	  tests.	  We	  use	  data	  from	  a	  cross-‐
sectional	  sample	  of	  313	  secondary	  school	  students	  to	  
construct	  a	  network	  model	  describing	  the	  relationships	  
between	  self-‐theories	  and	  academic	  as	  well	  as	  musical	  
outcome	  measures,	  while	  also	  assessing	  potential	  effects	  
of	  intelligence	  and	  the	  Big	  Five	  personality	  dimensions.	  
Results	  from	  the	  network	  model	  indicate	  that	  self-‐
theories	  of	  intelligence	  and	  musicality	  are	  closely	  related.	  
In	  addition,	  both	  kinds	  of	  self-‐theories	  are	  connected	  to	  
the	  students	  	  academic	  achievement	  through	  the	  
personality	  dimension	  conscientiousness	  and	  academic	  
effort.	  Finally,	  applying	  Pearl’s	  do-‐calculus	  method	  to	  the	  
network	  model	  we	  estimate	  that	  the	  size	  of	  the	  assumed	  
causal	  effects	  between	  musical	  self-‐theories	  and	  
academic	  achievement	  lie	  between	  0.07	  and	  0.15	  
standard	  deviations.	  
	  
Marina	  -‐	  15:45	  	  
	  
Musical	  sophistication	  and	  musical	  
self-‐concept	  influence	  the	  
different	  trajectories	  of	  musical	  
development	  in	  secondary	  schools’	  
students	  
Daniel	  Fiedler*,	  University	  of	  Education	  Freibu;	  
Daniel	  Müllensiefen,	  Goldsmiths	  College	  
Trajectories	  of	  musical	  development	  can	  be	  very	  
different	  across	  adolescence	  and	  the	  causes	  and	  
mechanisms	  leading	  to	  these	  differences	  are	  often	  
subjects	  of	  music	  educational	  research.	  To	  measure	  the	  
aspects	  of	  musical	  development	  of	  German	  students,	  the	  
psychometric	  constructs	  ‘musical	  self-‐concept’	  and	  

‘musical	  sophistication’	  can	  be	  used.	  The	  first	  aim	  of	  this	  
repeated-‐measurement	  study	  was	  to	  identify	  different	  
developmental	  trajectories	  within	  the	  sample	  of	  students	  
as	  well	  as	  to	  investigate	  associations	  of	  two	  typical	  
trajectories	  with	  socio-‐demographic	  variables.	  The	  
second	  aim	  was	  to	  identify	  how	  ‘musical	  self-‐concept’	  
and	  ‘musical	  sophistication’	  contribute	  to	  the	  
development	  of	  the	  target	  variable	  ‘interest	  in	  music	  as	  a	  
school	  subject’	  for	  both	  developmental	  trajectories.	  Data	  
of	  334	  students	  (f	  =	  188,	  m	  =	  146)	  from	  3	  Grammar	  
Schools	  (n	  =	  223),	  3	  Middle	  Schools	  (n	  =	  90)	  and	  1	  Junior	  
High	  School	  (n	  =	  21)	  are	  presented.	  The	  data	  comprised	  
the	  self-‐assessed	  psychometric	  constructs	  as	  well	  as	  
music-‐specific	  and	  demographic	  background	  variables	  
and	  the	  target	  variable	  of	  this	  study	  at	  three	  time	  points.	  
The	  data	  were	  analyzed	  using	  SEMs,	  a	  sequence	  pattern	  
analysis	  and	  multilevel	  models.	  The	  sequence	  pattern	  
analyses	  identified	  3,	  respectively	  4	  developmental	  
trajectories	  for	  the	  constructs	  ‘musical	  self-‐concept’	  and	  
‘musical	  sophistication’.	  In	  addition,	  significant	  
correlations	  between	  two	  typical	  developmental	  
trajectories	  with	  the	  variables	  sex	  (phi	  =	  .319),	  musical	  
status	  (phi	  =	  .416)	  and	  type	  of	  school	  (phi	  =	  .222)	  are	  
found.	  Moreover,	  a	  multilevel	  analysis	  shows	  that	  the	  
overall	  interest	  in	  music	  as	  a	  school	  subject	  is	  decreasing	  
over	  time.	  But	  for	  the	  identified	  higher	  trajectory	  group	  
the	  target	  variable	  interest	  in	  music	  is	  increasing	  over	  
time.	  Hence,	  this	  study	  makes	  an	  important	  contribution	  
to	  the	  understanding	  of	  the	  mechanisms	  of	  musical	  
development	  during	  adolescence.	  
	  
	  

Pitch	  &	  Tonal	  Perception	  2	  
Session	  Chair:	  Pauline	  Larrouy-‐Maestri	  
	  
Seacliff	  D	  -‐	  15:00	  	  
	  
Isomorphism	  of	  pitch	  and	  time	  
Olivia	  Wen*,	  Cornell	  University;	  Carol	  
Krumhansl,	  Cornell	  University	  
An	  ongoing	  debate	  regarding	  the	  perception	  of	  pitch	  and	  
time	  is	  whether	  information	  on	  the	  two	  dimensions	  is	  
processed	  independently	  or	  interactively.	  To	  study	  this,	  
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we	  tested	  whether	  listeners	  prefer	  sequences	  in	  which	  
tonally	  stable	  tones	  coincide	  with	  rhythmically	  stable	  
tones.	  Our	  study	  builds	  on	  a	  noted	  isomorphism	  between	  
pitch	  intervals	  in	  the	  diatonic	  scale	  and	  tone	  durations	  in	  
the	  standard	  rhythm	  originating	  in	  Ghana.	  This	  
isomorphism	  is	  shown	  in	  a)	  the	  maximally	  even	  structure	  
of	  2212221	  and	  b)	  the	  cyclic	  nature	  with	  seven	  possible	  
starting	  points.	  To	  better	  understand	  how	  pitch	  and	  time	  
combine	  perceptually,	  we	  conducted	  two	  experiments.	  In	  
Experiment	  1,	  we	  created	  seven	  scales	  based	  on	  the	  
diatonic	  pattern	  and	  seven	  rhythms	  based	  on	  the	  
standard	  pattern	  by	  shifting	  the	  starting	  pitch	  interval	  or	  
tone	  duration.	  To	  measure	  the	  perceived	  tonal	  stability	  
of	  tones	  in	  the	  scales,	  in	  Experiment	  1a	  each	  scale	  was	  
followed	  by	  a	  probe	  tone	  and	  listeners	  judged	  how	  well	  
the	  tone	  fit	  into	  the	  scale.	  To	  measure	  the	  perceived	  
rhythmic	  stability	  of	  tones	  in	  the	  rhythms,	  in	  Experiment	  
1b	  each	  position	  of	  the	  sequences	  was	  accented	  
dynamically	  and	  listeners	  judged	  how	  well	  the	  accent	  fit	  
into	  the	  rhythm.	  These	  ratings	  were	  then	  used	  in	  
analyzing	  the	  results	  of	  Experiment	  2	  that	  used	  all	  49	  
pairs	  combining	  the	  7	  scales	  and	  7	  rhythms	  in	  Experiment	  
1.	  Participants	  rated	  a)	  how	  well	  the	  rhythm	  fits	  the	  scale	  
for	  each	  pair	  and	  b)	  familiarity	  and	  well-‐formedness	  of	  
each	  scale	  and	  rhythm.	  Results	  show	  that	  probe	  ratings	  
from	  Experiment	  1	  predict	  judgments	  in	  Experiment	  2.	  
Specifically,	  higher	  ratings	  were	  given	  to	  scale/rhythm	  
pairs	  in	  Experiment	  2	  when	  the	  tonal	  and	  rhythmic	  
hierarchies	  found	  in	  Experiment	  1	  correlated	  more	  
strongly	  with	  each	  other.	  In	  addition,	  we	  found	  a	  
familiarity	  bias	  toward	  the	  major	  scale.	  After	  accounting	  
for	  this	  bias,	  results	  remain	  significant.	  These	  suggest	  
that	  information	  from	  the	  two	  individual	  dimensions	  
interact	  perceptually.	  

	  
Seacliff	  D	  -‐	  15:15	  	  
	  
The	  Effects	  of	  Timbre	  on	  Absolute	  
Pitch	  (AP)	  Judgment	  
Xiaonuo	  Li*,	  Shanghai	  Conservatory	  of	  Music;	  
Jiaxuan	  Yu,	  Fudan	  University;	  Diana	  Deutsch,	  
University	  of	  California,	  San	  Diego	  
The	  study	  reported	  here	  capitalized	  on	  the	  high	  

prevalence	  of	  AP	  among	  the	  students	  of	  Shanghai	  
Conservatory	  of	  Music（Diana	  Deutsch，Xiaonuo	  Li,	  Jing	  
Shen,	  2013）to	  research	  the	  correlation	  between	  the	  
different	  timbre	  and	  note-‐naming	  accuracy,	  false	  alarm	  
rates.	  The	  subjects	  were	  71	  students	  at	  the	  Shanghai	  
Conservatory	  of	  Music.,	  and	  about	  the	  half	  of	  the	  
subjects	  focused	  on	  piano,	  and	  the	  other	  focused	  string	  
instruments.	  According	  to	  this	  study,	  overall	  
performance	  levels	  were	  very	  high;	  students	  scored	  73%	  
correct	  not	  allowing	  for	  semitone	  errors,	  and	  80%	  
correction	  allowing	  for	  semitone	  errors.	  	  The	  participants	  
administered	  a	  test	  which	  used	  the	  same	  notes	  as	  that	  
given	  in	  Deutsch	  et	  al.	  (Deutsch	  et	  al.,	  2006;	  Deutsch	  et	  
al.,	  2009).	  They	  were	  presented	  successively	  with	  the	  36	  
notes	  that	  spanned	  the	  three-‐octave	  range	  from	  C3	  
(131Hz)	  to	  B5	  (988Hz)	  and	  wrote	  down	  the	  name	  of	  each	  
note	  (C,	  C#,	  D,	  etc.)	  when	  they	  heard	  it.	  All	  of	  the	  
subjects	  (piano	  majors	  and	  string	  majors)	  are	  divided	  into	  
two	  groups	  randomly.	  One	  group	  listened	  to	  	  notes	  in	  
piano	  timber	  first,	  and	  listened	  to	  notes	  in	  string	  timber	  
secondly;	  and	  the	  other	  group	  administered	  the	  test	  in	  
reverse	  order.	  The	  subjects	  were	  administered	  to	  
completed	  a	  questionnaire	  about	  their	  personal	  
information.	  The	  results	  of	  this	  study	  is:	  Generally,	  all	  the	  
groups	  have	  higher	  performance	  in	  judging	  the	  pitches	  in	  
piano	  timbre	  than	  string	  timbre;	  After	  listening	  to	  piano	  
timber,	  the	  correction	  in	  judging	  the	  pitches	  in	  string	  
timbre	  will	  increase	  significantly;	  After	  listening	  to	  string	  
timbre,	  the	  correction	  in	  judging	  the	  pitches	  in	  piano	  
timbre	  will	  decrease,	  but	  not	  significantly;	  Compared	  
with	  the	  students	  in	  String	  Major,	  the	  students	  in	  Piano	  
Major	  have	  higher	  performance,	  but	  the	  difference	  is	  not	  
significant.	  This	  phenomenon	  means	  that	  the	  difference	  
in	  ability	  of	  identifying	  pitches	  in	  different	  timbre	  is	  not	  
caused	  by	  the	  difference	  of	  major.	  
	  
Seacliff	  D	  -‐	  15:30	  	  
	  
Using	  pattern-‐classification	  to	  
uncover	  the	  dynamic	  neural	  
representation	  of	  pitch	  in	  a	  tonal	  
context	  
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Narayan	  Sankaran*,	  The	  University	  of	  Sydney;	  
Thomas	  Carlson,	  Macquarie	  University;	  Simon	  
Carlile,	  The	  University	  of	  Sydney;	  Lincoln	  Colling,	  
The	  University	  of	  Cambridge;	  William	  
Thompson,	  	  
Within	  a	  harmonic	  context,	  pitch	  relationships	  between	  
notes	  are	  governed	  by	  syntactic	  rules	  that	  instantiate	  the	  
perception	  of	  tonal	  structure.	  Krumhansl	  and	  colleagues	  
showed	  that	  behavioral	  ratings	  can	  be	  used	  to	  derive	  
geometric	  models	  of	  mental	  representations	  of	  musical	  
pitch.	  Individual	  pitches	  are	  mapped	  onto	  a	  continuum	  of	  
stability	  depending	  on	  their	  relationship	  to	  a	  tonal	  
context,	  and	  this	  context	  determines	  the	  perceived	  
similarity	  between	  pitches.	  The	  current	  study	  examined	  
the	  mental	  representation	  of	  pitch	  at	  a	  neural	  level	  using	  
Multivariate	  Pattern	  Analysis	  applied	  to	  
Magnetoencephalography	  data,	  recorded	  from	  musically	  
trained	  subjects.	  On	  each	  trial,	  one	  of	  four	  harmonic	  
contexts	  was	  followed	  by	  one	  of	  four	  single	  probe	  notes.	  
Two	  probe	  notes	  were	  diatonic	  (tonic	  and	  dominant)	  and	  
two	  were	  nondiatonic.	  A	  machine	  learning	  classifier	  was	  
trained	  and	  tested	  on	  its	  ability	  to	  predict	  the	  stimulus	  
from	  neural	  activity	  at	  each	  time-‐point.	  We	  found	  that	  
pitch-‐class	  was	  decodable	  from	  150	  ms	  post-‐onset.	  An	  
analysis	  of	  the	  decodability	  of	  individual	  pairs	  of	  pitches	  
revealed	  that	  even	  two	  physically	  identical	  pitches	  
preceded	  by	  two	  distantly	  related	  tonal	  contexts	  could	  
be	  decoded	  by	  the	  classifier,	  suggesting	  that	  effects	  were	  
driven	  by	  tonal	  schema	  rather	  than	  acoustical	  
differences.	  Characterizing	  the	  dissimilarity	  in	  activity	  
patterns	  for	  each	  pair	  of	  pitches,	  we	  uncovered	  an	  
underlying	  neural	  representational	  structure	  in	  which:	  a)	  
diatonic	  tones	  are	  dissimilar	  from	  nondiatonic	  tones,	  b)	  
diatonic	  tones	  are	  moderately	  dissimilar	  to	  other	  diatonic	  
tones,	  and	  c)	  nondiatonic	  tones	  are	  closely	  related	  to	  
other	  nondiatonic	  tones.	  Dissimilarities	  in	  neural	  activity	  
were	  significantly	  correlated	  with	  differences	  in	  
goodness-‐of-‐fit	  ratings,	  indicating	  that	  psychological	  
measures	  of	  pitch	  perception	  honor	  the	  underlying	  
neural	  population	  code.	  We	  discuss	  the	  implications	  of	  
our	  work	  for	  understanding	  the	  neuroscientific	  
foundations	  of	  musical	  pitch.	  	  

	  

Seacliff	  D	  -‐	  15:45	  	  
	  
A	  Cross-‐Modal	  Comparison	  of	  
Veridical	  and	  Schematic	  
Expectations	  
Kat	  Agres*,	  Queen	  Mary,	  University	  London;	  
Moshe	  Bar,	  ;	  Marcus	  Pearce,	  Queen	  Mary,	  
University	  of	  London	  
The	  topics	  of	  expectation	  and	  prediction	  have	  received	  
considerable	  attention	  in	  music	  cognition	  (e.g.,	  Huron,	  
2006;	  Pearce,	  2005;	  Temperley,	  2007)	  and	  visual	  
perception	  (e.g.,	  Bar,	  2007;	  Summerfield	  &	  Egner,	  2009;	  
Fiser	  &	  Aslin,	  2002),	  but	  few	  studies	  have	  examined	  the	  
relative	  surprise	  that	  can	  result	  from	  veridical	  
expectations,	  resulting	  from	  exact	  repetitions	  of	  material	  
in	  the	  local	  context,	  versus	  schematic	  expectations,	  
acquired	  through	  prior	  exposure.	  It	  is	  also	  unclear	  
whether	  the	  underlying	  expectation	  mechanisms	  are	  
modality-‐specific	  or	  more	  general.	  	  To	  address	  these	  
questions,	  we	  aimed	  to	  test	  different	  types	  of	  
expectation	  (veridical	  and	  schematic)	  by	  systematically	  
varying	  the	  predictability	  of	  artificially	  constructed	  
stimuli,	  and	  compared	  expectation	  processing	  across	  
domains.	  Every	  trial	  consisted	  of	  a	  sequence	  of	  tones	  or	  
visual	  elements,	  and	  participants	  rated	  the	  expectedness	  
of	  a	  target	  (the	  final	  event	  in	  the	  sequence).	  The	  target	  
either	  fulfilled	  or	  violated	  expectations	  set	  up	  by	  the	  
preceding	  context,	  which	  varied	  in	  predictability.	  In	  both	  
modalities,	  contexts	  yielding	  specific	  veridical	  
expectations	  led	  to	  more	  extreme	  un/expectedness	  
ratings	  than	  contexts	  producing	  general	  schematic	  
expectations,	  and	  non-‐repetitive/less	  predictable	  stimuli	  
produced	  the	  least	  surprise	  from	  an	  improbable	  target.	  
In	  a	  direct	  extension	  of	  these	  findings,	  work	  in	  progress	  
presents	  visual	  and	  musical	  information	  concurrently	  to	  
addresses	  the	  extent	  to	  which	  veridical	  and	  schematic	  
expectations	  from	  one	  modality	  impact	  expectations	  
within	  the	  other	  modality.	  	  Although	  different	  
information	  contributes	  to	  the	  degree	  of	  predictability	  of	  
stimuli	  across	  modalities,	  we	  conclude	  that	  expectations	  
in	  both	  music	  and	  vision	  are	  driven	  by	  domain	  general	  
processing	  mechanisms	  that	  are	  based	  on	  the	  degree	  of	  
specificity	  and	  predictability	  of	  the	  prior	  context.	  
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Leveraging	  large-‐scale	  industrial	  
data	  to	  study	  musical	  engagement	  
Blair	  Kaneshiro*,	  Stanford	  University;	  Oscar	  
Celma,	  Pandora;	  Anssi	  Klapuri,	  Yousician;	  
Jeffrey	  Smith,	  Smule;	  Douglas	  Eck,	  Google	  
In	  recent	  years,	  mobile,	  online,	  and	  social-‐media	  services	  
have	  yielded	  an	  unprecedented	  volume	  of	  music-‐related	  
user	  data.	  While	  these	  data	  typically	  lack	  the	  underlying	  
experimental	  rigor	  of	  a	  controlled	  laboratory	  study,	  they	  
surpass	  traditional	  experimental	  data	  in	  size,	  scope,	  and	  
ecological	  validity.	  Analytical	  insights	  drawn	  from	  such	  
data	  thus	  promise	  to	  provide	  significant	  contributions	  to	  
our	  understanding	  of	  numerous	  musical	  behaviors.	  
Embodying	  the	  Bay	  Area’s	  unique	  integration	  of	  
academia	  and	  industry,	  this	  symposium	  aims	  to	  
introduce	  the	  ICMPC	  community	  to	  music	  cognition	  
research	  conducted	  in	  an	  industrial	  setting.	  We	  convene	  
researchers	  from	  four	  well-‐known	  music	  technology	  
companies,	  who	  will	  each	  explore	  a	  different	  aspect	  of	  
musical	  engagement:	  Discovery	  (Shazam),	  performance	  
(Smule),	  education	  (Yousician),	  and	  recommendation	  
(Pandora).	  The	  symposium	  will	  comprise	  back-‐to-‐back	  
presentations	  followed	  by	  a	  short	  panel	  discussion	  and	  
audience	  Q&A	  facilitated	  by	  the	  discussant	  (Google).	  
Symposium	  participants	  originate	  from	  PhD	  institutions	  

in	  three	  countries	  and	  currently	  work	  in	  two	  countries.	  
All	  have	  research	  experience	  in	  both	  academic	  and	  
industrial	  settings,	  and	  are	  thus	  well	  suited	  to	  discuss	  
industrial	  research	  with	  the	  more	  academic	  ICMPC	  
audience.	  We	  hope	  this	  symposium	  will	  open	  a	  dialogue	  
between	  academia	  and	  industry	  regarding	  potential	  
benefits	  and	  challenges	  of	  incorporating	  industrial	  data	  
into	  music	  perception	  and	  cognition	  research.	  The	  
symposium	  will	  be	  relevant	  to	  conference	  delegates	  
performing	  research	  in	  any	  of	  the	  above	  topics,	  as	  well	  as	  
anyone	  interested	  in	  using	  industrial	  data	  to	  broaden	  the	  
scope	  of	  research	  in	  musical	  practices	  and	  behaviors.	  
Attendees	  will	  come	  away	  with	  a	  practical	  understanding	  
of	  requisite	  tools	  and	  technical	  skills	  needed	  to	  perform	  
music	  cognition	  research	  at	  scale,	  as	  well	  as	  perspective	  
on	  the	  impact	  of	  data	  size	  on	  hypothesis	  formulation,	  
experimentation,	  analysis,	  and	  interpretation	  of	  results.	  

	  
Bayview	  A	  -‐	  	  16:30	  	  	  
	  
Musical	  correlates	  of	  large-‐scale	  
song	  discovery:	  A	  Shazam	  study	  
Blair	  Kaneshiro	  (Stanford	  University);	  Casey	  W.	  
Baker	  (Shazam);	  
When	  a	  listener	  deliberately	  seeks	  out	  information	  about	  
a	  piece	  of	  music,	  a	  number	  of	  cognitive,	  contextual,	  and	  
musical	  factors	  are	  implicated	  –	  including	  the	  listener’s	  
musical	  tastes,	  the	  listening	  setting,	  and	  features	  of	  the	  
musical	  performance.	  Such	  drivers	  of	  music	  discovery	  can	  
now	  be	  studied	  on	  a	  massive	  scale	  by	  means	  of	  user	  data	  
from	  Shazam,	  a	  widely	  used	  audio	  identification	  service	  
that	  returns	  the	  identity	  of	  an	  audio	  excerpt	  –	  usually	  a	  
song	  –	  in	  response	  to	  a	  user-‐initiated	  query.	  Shazam’s	  
user	  data,	  comprising	  over	  600	  million	  queries	  per	  month	  
from	  over	  100	  million	  monthly	  users	  across	  a	  catalog	  of	  
over	  30	  million	  tracks,	  have	  been	  shown	  to	  predict	  hits,	  
reflect	  geographical	  and	  temporal	  listening	  contexts,	  and	  
identify	  communities	  of	  listeners.	  We	  begin	  this	  talk	  with	  
an	  overview	  of	  the	  Shazam	  use	  case	  and	  its	  user	  data	  
attributes.	  Next,	  we	  present	  findings	  from	  an	  exploratory	  
study	  utilizing	  Shazam	  query	  ‘offsets’,	  the	  millisecond-‐
precision	  timestamps	  specifying	  when	  in	  a	  song	  a	  query	  
was	  initiated.	  Here	  we	  wish	  to	  see	  whether	  there	  exists	  a	  
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relationship	  between	  the	  distribution	  of	  offsets	  over	  the	  
course	  of	  a	  song	  and	  specific	  musical	  events.	  We	  
aggregated	  over	  70	  million	  offsets	  corresponding	  to	  ten	  
top	  hit	  songs	  of	  2015.	  Taking	  into	  account	  the	  estimated	  
delay	  between	  intent-‐to-‐query	  and	  actual	  query	  times,	  
results	  thus	  far	  suggest	  that	  offsets	  are	  not	  uniformly	  
distributed	  over	  the	  course	  of	  a	  song,	  but	  in	  fact	  cluster	  
around	  specific	  musical	  events	  such	  as	  the	  initial	  onset	  of	  
vocals	  and	  transitions	  between	  song	  parts.	  We	  consider	  
the	  implications	  and	  potential	  confounds	  surrounding	  
these	  findings	  in	  terms	  of	  music-‐listening	  contexts,	  
distinguishing	  between	  music	  discovery	  and	  musical	  
tastes,	  and	  practical	  considerations	  surrounding	  
Shazam’s	  functionality.	  We	  conclude	  with	  a	  discussion	  of	  
potential	  uses	  of	  Shazam	  data	  to	  address	  central	  
questions	  in	  the	  music	  perception	  and	  cognition	  field.	  

	  
Bayview	  A	  -‐16:45	  	  
	  
Measuring	  musical	  inhibition:	  A	  
demographic	  analysis	  of	  sharing	  
performances	  on	  social	  media	  
Jeffrey	  Smith	  (Smule);	  
The	  character	  and	  nuance	  of	  musical	  performances	  
constitute	  a	  particular	  sense	  of	  excitement	  and	  pleasure	  
in	  live	  performances,	  afford	  the	  opportunity	  for	  the	  
audience	  to	  identify	  directly	  with	  the	  artist,	  and	  indeed	  
comprise	  a	  fundamental	  aspect	  of	  western	  music.	  
Performing	  artists	  strive	  to	  exude	  a	  sense	  of	  command	  by	  
balancing	  confident	  predetermined	  interpretive	  gesture	  
with	  a	  sense	  of	  spontaneity	  and	  freedom.	  However,	  for	  
many,	  achieving	  this	  balance	  can	  be	  difficult	  and	  fraught	  
with	  anxiety.	  Overcoming	  performance	  inhibition	  in	  
musical	  performance	  has	  been	  a	  topic	  of	  study	  in	  
psychology.	  In	  this	  talk	  we	  describe	  a	  novel	  framework	  
for	  measuring	  performance	  inhibition	  using	  a	  large	  
database	  of	  amateur,	  aspiring	  professional,	  and	  
professional	  singers’	  performances.	  The	  performances	  
are	  recorded	  using	  the	  Smule	  Sing!	  Karaoke	  Application	  
for	  mobile	  phones.	  Users	  have	  the	  option	  to	  share	  their	  
performances	  with	  a	  select	  group	  or	  the	  general	  public.	  
Of	  the	  12	  million	  performances	  recorded	  daily,	  around	  
one	  million	  are	  shared	  publicly.	  Virtually	  all	  such	  shared	  

performances	  include	  geographical	  and	  demographic	  
information	  about	  the	  performer,	  and	  often	  include	  
video.	  The	  broad	  range	  of	  expertise,	  stylistic,	  and	  
demographic	  factors	  in	  the	  data	  provides	  a	  unique	  
opportunity	  to	  study	  performance	  practices	  with	  far	  
greater	  breadth	  than	  studies	  of	  professional	  recording	  
artists	  or	  pre-‐professional	  music	  students	  that	  are	  
typically	  the	  source	  of	  most	  existing	  studies.	  We	  will	  
attempt	  to	  draw	  observations	  on	  performance	  inhibition	  
from	  aspects	  of	  the	  performance	  as	  well	  as	  the	  singer’s	  
decision	  to	  release	  the	  performance.	  We	  will	  elaborate	  
on	  the	  data	  source,	  the	  process	  to	  extract	  the	  data,	  and	  
the	  value	  as	  well	  as	  limitations	  of	  this	  corpus.	  We	  
attempt	  to	  measure	  such	  inhibition	  in	  a	  relative	  sense	  
considering	  demographics	  including	  age,	  gender,	  or	  
regional	  tendencies.	  The	  data	  set	  and	  analytical	  tools	  
used	  here	  are	  available	  to	  researchers	  by	  arrangement.	  

	  
Bayview	  A	  -‐17:00	  	  
	  
Learning	  to	  play	  a	  musical	  
instrument:	  Individual	  differences	  
and	  commonalities	  
Anssi	  Klapuri	  (Yousician);	  Antti	  Hurmalainen	  
(Yousician);	  Oguzcan	  Sehiralti	  (Yousician);	  
We	  studied	  the	  learning	  process	  of	  students	  who	  practice	  
to	  play	  a	  musical	  instrument	  in	  the	  self-‐study	  setting.	  The	  
goal	  was	  to	  discover	  individual	  differences	  and	  
commonalities	  in	  the	  students’	  practice	  habits	  and	  
learning	  efficiency.	  Data	  collection	  took	  place	  via	  
Yousician,	  a	  music	  education	  platform	  with	  over	  five	  
million	  users.	  In	  the	  application,	  users	  are	  prompted	  to	  
perform	  an	  exercise	  and	  the	  acoustic	  signal	  from	  the	  
instrument	  is	  then	  used	  to	  evaluate	  whether	  the	  correct	  
notes	  were	  played	  at	  the	  right	  times,	  and	  to	  deliver	  
appropriate	  real-‐time	  feedback.	  Students	  tend	  to	  
develop	  varying	  practice	  habits,	  even	  in	  the	  restricted	  
setting	  where	  the	  syllabus	  is	  pre-‐determined:	  Some	  
prefer	  to	  perfect	  each	  exercise	  before	  moving	  on	  to	  the	  
next	  one,	  whereas	  others	  push	  forward	  faster.	  Some	  
revisit	  previously	  learned	  material	  from	  time	  to	  time,	  
whereas	  others	  do	  not	  –	  just	  to	  mention	  a	  few	  examples.	  
We	  carried	  out	  statistical	  analysis	  on	  a	  random	  set	  of	  
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25,000	  subscribed	  users,	  in	  order	  to	  study	  the	  correlation	  
between	  certain	  practice	  habits	  and	  the	  resulting	  
learning	  efficiency.	  Here	  learning	  efficiency	  was	  defined	  
as	  the	  cumulative	  practice	  time	  required	  to	  pass	  skill	  
tests	  at	  varying	  levels	  of	  difficulty.	  We	  also	  studied	  how	  
pitch	  and	  timing	  inaccuracies	  in	  users’	  performances	  
correlate	  with	  the	  music	  content,	  in	  order	  to	  identify	  
factors	  that	  make	  a	  song	  difficult	  to	  perform.	  The	  use	  of	  
such	  data	  for	  optimizing	  computer-‐assisted	  learning	  and	  
the	  syllabus	  contents	  will	  be	  discussed.	  
	  
Bayview	  A	  -‐17:15	  	  
	  
Personalized	  music	  
recommendation	  with	  Pandora	  
Oscar	  Celma	  (Pandora);	  
Pandora	  began	  with	  The	  Music	  Genome	  Project,	  the	  
most	  sophisticated	  taxonomy	  of	  musicological	  data	  ever	  
collected	  and	  an	  extremely	  effective	  content-‐based	  
approach	  to	  music	  recommendation.	  Its	  foundation	  is	  
based	  on	  human	  music	  cognition,	  and	  how	  an	  expert	  
describes	  and	  perceives	  the	  complex	  world	  of	  a	  music	  
piece.	  But	  what	  happens	  when	  you	  have	  a	  decade	  of	  
additional	  data	  points,	  given	  off	  by	  over	  250	  million	  
registered	  users	  who	  have	  created	  8+	  billion	  personalized	  
radio	  stations	  and	  given	  60+	  billion	  thumbs?	  Unlike	  
traditional	  recommender	  systems	  such	  as	  Netflix	  or	  
Amazon,	  which	  recommend	  a	  single	  item	  or	  static	  set,	  
Pandora	  provides	  an	  evolving	  set	  of	  sequential	  items,	  
and	  needs	  to	  react	  in	  just	  milliseconds	  when	  a	  user	  is	  
unhappy	  with	  a	  proposed	  song.	  Furthermore,	  several	  
factors	  (musicological,	  social,	  geographical,	  generational)	  
play	  a	  critical	  role	  in	  deciding	  what	  music	  to	  play	  to	  a	  
user,	  and	  these	  factors	  vary	  dramatically	  for	  each	  
listener.	  This	  session	  will	  look	  at	  how	  Pandora’s	  
interdisciplinary	  team	  goes	  about	  making	  sense	  of	  these	  
massive	  data	  sets	  to	  successfully	  make	  large-‐scale	  music	  
recommendations.	  Following	  this	  session	  the	  audience	  
will	  have	  an	  in-‐depth	  understanding	  of	  how	  Pandora	  uses	  
Big	  Data	  science	  to	  determine	  the	  perfect	  balance	  of	  
familiarity,	  discovery,	  repetition	  and	  relevance	  for	  each	  
individual	  listener,	  measures	  and	  evaluates	  user	  
satisfaction,	  and	  how	  our	  online	  and	  offline	  architecture	  

stack	  plays	  a	  critical	  role	  in	  our	  success.	  I	  also	  present	  a	  
dynamic	  ensemble	  learning	  system	  that	  combines	  
curational	  data	  and	  machine	  learning	  models	  to	  provide	  
a	  truly	  personalized	  experience.	  This	  approach	  allows	  us	  
to	  switch	  from	  a	  lean-‐back	  experience	  (exploitation)	  to	  a	  
more	  exploration	  mode	  to	  discover	  new	  music	  tailored	  
specifically	  to	  users’	  individual	  tastes.	  I	  will	  also	  discuss	  
how	  Pandora,	  a	  data-‐driven	  company,	  makes	  informed	  
decisions	  about	  features	  that	  are	  added	  to	  the	  core	  
product	  based	  on	  results	  of	  extensive	  online	  A/B	  testing.	  
	  
	  

Rhythm,	  Meter	  &	  Timing	  3	  
Session	  Chair:	  Erin	  Hannon	  
	  
Bayview	  B	  -‐	  16:30	  	  
	  
Beat	  deaf	  persons	  entrain:	  
Evidence	  for	  neural	  entrainment	  
despite	  impaired	  sensorimotor	  
synchronization	  
Benjamin	  Schultz*,	  Maastricht	  University;	  
Pauline	  Tranchant,	  University	  of	  Montreal;	  
Baptiste	  Chemin,	  Université	  catholique	  de	  
Louvain;	  Sylvie	  Nozaradan,	  Western	  Sydney	  
University;	  Isabelle	  Peretz,	  	  
There	  is	  evidence	  that	  healthy	  individuals	  entrain	  to	  the	  
beat	  via	  neural	  oscillations	  that	  synchronize	  with,	  and	  
adapt	  to,	  regularities	  within	  an	  auditory	  sequence.	  Here	  
we	  examined	  whether	  beat	  deaf	  participants,	  who	  have	  
experienced	  lifelong	  difficulties	  to	  synchronize	  
movements	  to	  the	  musical	  beat,	  would	  display	  abnormal	  
neural	  entrainment	  when	  listening	  and	  tapping	  to	  two	  
complex	  rhythms	  that	  were	  either	  strongly	  or	  weakly	  
beat	  inducing,	  at	  two	  different	  tempi	  (5Hz	  and	  2.67Hz	  
base	  frequencies).	  First,	  participants	  were	  instructed	  to	  
detect	  tempo	  accelerations	  while	  listening	  to	  the	  
repeating	  rhythm.	  In	  a	  second	  phase,	  they	  participants	  
were	  instructed	  to	  tap	  the	  beat	  of	  the	  rhythm.	  Time-‐
frequency	  analyses	  identified	  the	  frequencies	  at	  which	  



ICMPC14	  :	  JULY	  5-‐9,	  2016,	  SAN	  FRANSISCO,	  CA	   WEDNESDAY	  

	  

96	   	  

	  

neural	  oscillations	  occurred	  and	  the	  frequencies	  at	  which	  
participants	  tapped.	  We	  hypothesized	  that	  behavioral	  
beat	  entrainment	  (i.e.,	  tapping)	  is	  impaired	  for	  beat	  deaf	  
persons	  compared	  to	  controls	  while	  neural	  entrainment	  
(i.e.,	  steady-‐state	  evoked	  potentials)	  is	  comparable	  for	  
beat	  deaf	  persons	  and	  controls.	  Results	  indicate	  that,	  for	  
both	  rhythms	  and	  tempi,	  beat	  deaf	  participants	  did	  not	  
demonstrate	  a	  reduction	  of	  entrainment	  compared	  to	  
controls	  at	  the	  relevant	  beat	  frequencies	  during	  listening;	  
Bayes	  factor	  t-‐tests	  revealed	  considerable	  evidence	  in	  
favor	  of	  the	  null	  hypothesis	  indicating	  that	  entrainment	  
by	  beat	  deaf	  demonstrated	  no	  deficit	  compared	  with	  
controls.	  Conversely,	  beat	  deaf	  participants	  
demonstrated	  a	  reduced	  ability	  to	  synchronize	  with	  the	  
beat	  at	  the	  frequencies	  of	  interest	  compared	  with	  
controls	  when	  tapping.	  Findings	  suggest	  that	  beat	  
deafness	  is	  primarily	  a	  motor/sensorimotor	  deficit	  and	  
not	  a	  perceptual	  disorder	  as	  implied	  by	  the	  term	  “beat	  
deafness.”	  	  
	  
Bayview	  B	  -‐	  17:00	  	  
	  
Beat	  Keeping	  in	  a	  Sea	  Lion	  as	  
Coupled	  Oscillation	  
Andrew	  Rouse*,	  UC	  Santa	  Cruz;	  Peter	  Cook,	  
Emory	  University;	  Edward	  Large,	  University	  of	  
Connecticut;	  Colleen	  Reichmuth,	  	  
The	  capacity	  for	  entraining	  movement	  to	  external	  
rhythms	  —	  beat	  keeping	  —	  is	  ubiquitous	  in	  humans,	  but	  
its	  evolutionary	  history	  and	  neural	  underpinnings	  remain	  
a	  mystery.	  Recent	  findings	  of	  beat	  keeping	  in	  non-‐human	  
animals	  pave	  the	  way	  for	  a	  novel	  comparative	  approach	  
to	  assessing	  the	  origins	  and	  mechanisms	  of	  rhythmic	  
behavior.	  The	  most	  reliable	  non-‐human	  beat	  keeper	  to	  
date	  is	  a	  California	  sea	  lion,	  Ronan,	  who	  was	  trained	  to	  
match	  head	  movements	  to	  isochronous	  repeating	  stimuli	  
and	  subsequently	  showed	  spontaneous	  generalization	  of	  
the	  ability	  to	  novel	  tempos	  and	  to	  the	  complex	  rhythms	  
of	  music.	  Does	  Ronan’s	  performance	  rely	  on	  the	  same	  
neural	  mechanisms	  as	  human	  rhythmic	  behavior?	  Here	  
we	  present	  findings	  from	  a	  recent	  study	  where	  we	  
presented	  Ronan	  with	  simple	  rhythmic	  stimuli	  at	  novel	  
tempos.	  On	  some	  trials,	  we	  altered	  either	  tempo	  or	  

phase	  in	  the	  middle	  of	  a	  presentation.	  Ronan	  quickly	  
adjusted	  her	  beat-‐keeping	  behavior	  following	  all	  
perturbations,	  recovering	  her	  consistent	  phase	  and	  
tempo	  relationships	  to	  the	  stimulus	  within	  a	  few	  beats.	  
Ronan’s	  performance	  was	  consistent	  with	  predictions	  of	  
mathematical	  models	  describing	  coupled	  oscillation.	  
Specifically,	  a	  model	  relying	  solely	  on	  phase	  coupling	  
strongly	  matched	  her	  behavior,	  and	  the	  model	  was	  
further	  improved	  with	  the	  addition	  of	  period	  coupling.	  
These	  findings	  show	  that	  Ronan’s	  behavior	  is	  similar	  in	  
most	  respects	  to	  human	  beat	  perception	  and	  
synchronization,	  and	  suggest	  that	  human	  rhythmic	  
faculty	  may	  be	  rooted	  in	  evolutionarily	  conserved	  
mechanisms.	  	  
	  
Bayview	  B	  -‐	  17:30	  	  
	  
Rhythmic	  Perceptual	  Priors	  
Revealed	  by	  Iterated	  Reproduction	  
Nori	  	  Jacoby*,	  MIT;	  Josh	  McDermott,	  
Massachusetts	  Institute	  of	  Technology	  
Western	  musical	  notation	  is	  built	  on	  temporal	  intervals	  
related	  by	  simple	  integer	  ratios.	  However,	  the	  reason	  for	  
the	  importance	  of	  these	  ratios	  is	  unclear,	  as	  some	  
traditions	  feature	  non-‐integer	  rhythmic	  patterns	  (Polak	  &	  
London	  2014).	  The	  issue	  remains	  unresolved	  in	  part	  
because	  prior	  studies	  have	  either	  relied	  on	  explicit	  
judgments	  of	  experts	  (Desain	  &	  Honing	  2003;	  Clarke	  
1984),	  or	  have	  predominantly	  tested	  Western	  musicians	  
(Povel	  1982;Repp	  et	  al.	  2011).	  	  We	  introduce	  a	  novel	  
procedure	  adapted	  from	  computational	  concept	  
modeling	  (Xu	  et	  al.,	  2010)	  in	  which	  a	  listener’s	  
reproduction	  of	  a	  2-‐	  or	  3-‐	  interval	  rhythm	  is	  used	  to	  infer	  
the	  internal	  “prior”	  probability	  distribution	  constraining	  
human	  perception.	  Listeners	  are	  presented	  with	  a	  
random	  seed	  (interval	  ratios	  drawn	  from	  a	  uniform	  
distribution),	  and	  reproduce	  it	  by	  tapping	  or	  vocalizing.	  
The	  reproduction	  is	  then	  substituted	  for	  the	  seed,	  and	  
the	  process	  is	  iterated.	  After	  a	  few	  iterations	  the	  
reproductions	  become	  dominated	  by	  the	  listener’s	  
internal	  biases,	  and	  converge	  to	  their	  prior.	  	  When	  tested	  
in	  this	  way,	  Western	  musicians	  consistently	  converged	  to	  
attractors	  near	  integer-‐ratios.	  Integer-‐ratio	  biases	  were	  
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evident	  even	  in	  non-‐musicians.	  To	  explore	  whether	  these	  
biases	  are	  due	  to	  passive	  exposure	  to	  Western	  music,	  we	  
tested	  members	  of	  the	  Tsimane’,	  an	  Amazonian	  
hunter/gatherer	  society.	  Despite	  profoundly	  different	  
cultural	  exposure,	  the	  Tsimane’	  also	  exhibited	  a	  prior	  
favoring	  integer	  ratios,	  though	  the	  prominence	  of	  certain	  
ratios	  differed	  from	  Westerners.	  	  Our	  results	  provide	  
evidence	  for	  the	  universality	  of	  integer	  ratios	  as	  
perceptual	  priors.	  However,	  differences	  exist	  between	  
groups	  in	  the	  relative	  strength	  of	  rhythmic	  perceptual	  
categories,	  suggesting	  influences	  of	  musical	  experience.	  
Both	  findings	  were	  enabled	  by	  our	  method,	  which	  
provides	  high	  resolution	  measurement	  of	  rhythmic	  priors	  
regardless	  of	  the	  listener’s	  musical	  expertise.	  	  
	  
	  

Music	  Performance	  2	  
Session	  Chair:	  Stacey	  Davis	  
	  
Marina	  -‐	  16:30	  	  
	  
Vocal	  learning	  –	  the	  acquisition	  of	  
linguistic	  and	  musical	  generative	  
grammars	  
Stefanie	  Stadler	  Elmer*,	  University	  of	  Zurich	  
This	  paper	  outlines	  a	  theoretical	  framework	  for	  
reconstructing	  functional	  and	  structural	  dimensions	  of	  
vocal	  learning	  and	  illustrates	  with	  micro-‐genetic	  analyses	  
how	  children	  organise	  and	  change	  their	  song	  singing.	  
Vocal	  learning	  means	  using	  the	  capacity	  to	  hear	  sounds	  
produced	  by	  outside	  or	  inside	  sources,	  to	  adjust	  vocally	  
to	  the	  sensed	  sounds,	  to	  use	  feedback	  to	  monitor	  the	  
sensorimotor	  matching	  process,	  and	  to	  build	  up	  neural	  
pathways	  and	  memory	  traces.	  As	  a	  unique	  human	  
characteristic,	  vocal	  learning	  leads	  to	  singing	  and	  
speaking.	  Based	  on	  physical	  preconditions,	  vocal	  teaching	  
and	  learning	  –	  the	  intergenerational	  transmission	  of	  
culture	  –	  is	  motivated	  by	  the	  human	  basic	  need	  to	  
belong.	  The	  desire	  for	  interpersonal	  attachments	  is	  
physically	  grounded	  in	  the	  propensity	  to	  entrain	  or	  to	  
synchronize	  (vocal-‐)	  motor	  movements	  with	  others	  and	  
within	  oneself.	  Self-‐	  and	  interactive	  synchronization,	  

together	  with	  intuitive	  parenting,	  are	  basic	  prerequisites	  
for	  vocal	  learning	  and	  communication.	  No	  other	  species	  
has	  the	  capacity	  to	  construct	  a	  similar	  complexity	  of	  
spoken	  language	  systems	  as	  well	  as	  technics	  and	  rules	  of	  
vocal	  musical	  production.	  Vocal	  products	  –	  speech	  and	  
songs	  –	  are	  governed	  by	  generative	  rules,	  i.e.	  the	  fact	  
that	  language	  and	  music	  generate	  infinite	  pattern	  
diversity	  by	  finite	  means.	  In	  songs,	  linguistic	  and	  musical	  
rules	  are	  combined.	  As	  a	  cultural	  ritual,	  songs	  are	  devices	  
used	  to	  share	  and	  to	  modulate	  affective	  states.	  A	  
grammar	  of	  children’s	  songs	  is	  outlined	  that	  allows	  
conceptualizing	  children’s	  strategies	  in	  making	  up	  a	  new	  
song.	  Micro-‐genetic	  analyses	  consist	  of	  1)	  acoustical	  
analysis	  and	  2)	  of	  visualizing	  the	  vocal	  production	  as	  a	  
configuration	  of	  syllables	  (vowel-‐consonants),	  their	  
timing	  (onset,	  duration),	  accents	  (stressed,	  unstressed),	  
and	  pitches.	  This	  method	  allows	  reconstructing	  step-‐by-‐
step	  how	  a	  child	  applies	  generative	  rules	  to	  create	  a	  new	  
song,	  and	  thereby	  strive	  for	  well-‐formedness	  or	  a	  
coherent	  Gestalt.	  
	  
Marina	  -‐	  17:00	  	  
	  
The	  influence	  of	  preliminary	  
listening	  and	  complexity	  level	  of	  
music	  on	  sight-‐reading	  
performance	  
Yeoeun	  Lim*,	  Seoul	  National	  University;	  Seung-‐
yeon	  Rhyu,	  Graduate	  School	  of	  Convergence	  
Science	  and	  Technology,	  Seoul	  National	  
University;	  KYUNG	  MYUN	  LEE,	  KAIST;	  Kyogu	  
Lee,	  Graduate	  School	  of	  Convergence	  Science	  
and	  Technology,	  Seoul	  National	  University;	  
Jonghwa	  Park,	  Seoul	  National	  University;	  Suk	  
Won	  Yi,	  	  
A	  major	  issue	  in	  sight-‐reading	  research	  is	  improving	  sight-‐
reading	  proficiency.	  Previous	  studies	  have	  demonstrated	  
the	  beneficial	  effect	  of	  repetitive	  aural	  rehearsal	  and	  
input	  stimulus	  of	  the	  score	  on	  sight-‐reading	  
performance,	  but	  it	  remains	  to	  be	  investigated	  whether	  a	  
single	  preliminary	  listening	  with	  a	  different	  level	  of	  
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musical	  complexity	  can	  improve	  sight-‐reading	  
proficiency.	  A	  total	  of	  32	  professional	  pianists	  
participated	  in	  the	  experiment.	  Participants	  played	  six	  
musical	  pieces	  lasting	  approximately	  48	  seconds	  each,	  
composed	  specifically	  for	  this	  study.	  The	  musical	  pieces	  
had	  three	  different	  complexities	  (low,	  medium,	  and	  
high),	  and	  of	  the	  six	  pieces,	  participants	  listened	  to	  
three—one	  each	  of	  low,	  medium,	  and	  high	  complexity—
before	  engaging	  in	  sight-‐reading.	  They	  did	  not	  listen	  to	  
the	  remaining	  three.	  Sight-‐reading	  performance	  was	  
evaluated	  by	  calculating	  the	  distance	  between	  reference	  
and	  performance	  data	  using	  dynamic	  time	  warping.	  A	  
two-‐way	  ANOVA	  (with	  factors	  of	  listening	  and	  
complexity)	  revealed	  a	  significant	  main	  effect	  of	  musical	  
complexity	  (p	  <	  .001)	  on	  sight-‐reading	  performance,	  but	  
no	  main	  effect	  of	  preliminary	  listening.	  Although	  
preliminary	  listening	  had	  no	  effect	  on	  sight-‐reading	  
proficiency,	  our	  results	  corroborate	  the	  importance	  of	  
musical	  complexity	  on	  sight-‐reading.	  Further	  research	  
should	  be	  conducted	  to	  investigate	  the	  influence	  of	  
preliminary	  listening	  on	  different	  groups,	  such	  as	  novice	  
sight-‐readers,	  in	  the	  same	  complexity	  condition.	  
	  
	  

Music	  Education	  2	  
Session	  Chair:	  Bronya	  Dean	  
	  
Seacliff	  D	  -‐	  16:30	  	  
	  
Innovative	  approaches	  to	  teaching	  
sight-‐reading	  in	  higher	  education	  
Katie	  Zhukov*,	  University	  of	  Queensland	  
This	  paper	  reports	  on	  several	  research	  projects	  that	  
focused	  on	  developing	  innovative	  approaches	  to	  
enhancing	  sight-‐reading	  skills	  in	  higher	  education	  
pianists.	  Zhukov	  (2006)	  identified	  three	  promising	  areas	  
of	  pedagogical	  applications	  of	  sight-‐reading	  research:	  
accompanying	  (Lehmann	  &	  Ericsson	  1993,	  1996;	  Wristen,	  
2005),	  rhythm	  training	  (Fourie,	  2004;	  Henry,	  2011;	  
Kostka,	  2000;	  Smith,	  2009)	  and	  understanding	  of	  musical	  
styles	  to	  improve	  pattern	  recognition	  and	  prediction	  
skills	  (Sloboda	  et	  al.	  1998;	  Thomson	  &	  Lehmann,	  2004;	  

Waters,	  Townsend	  &	  Underwood,	  1998).	  The	  first	  project	  
evaluated	  effectiveness	  of	  new	  distinct	  training	  strategies	  
(accompanying,	  rhythm,	  style)	  against	  a	  control.	  One	  
hundred	  participants	  were	  tested	  twice	  on	  sight-‐reading,	  
10-‐weeks	  apart.	  The	  MIDI	  files	  of	  playing	  were	  analysed	  
by	  tailor-‐made	  software,	  giving	  two	  pitch	  and	  two	  
rhythm	  scores.	  Mixed-‐design	  ANCOVAs	  administered	  to	  
test	  data	  showed	  that	  each	  treatment	  group	  improved	  in	  
one	  pitch	  and	  one	  rhythm	  category,	  and	  control	  group	  
became	  more	  accurate	  in	  pitch.	  The	  findings	  
demonstrated	  that	  the	  new	  approaches	  did	  have	  an	  
impact	  on	  improving	  sight-‐reading	  skills	  and	  provided	  
some	  numerical	  evidence	  to	  the	  old	  myth	  that	  simply	  
doing	  more	  sight-‐reading	  could	  enhance	  sight-‐reading	  
(control).	  In	  the	  second	  project	  the	  three	  training	  
strategies	  were	  amalgamated	  into	  a	  hybrid	  approach,	  
with	  each	  week	  of	  the	  10-‐week	  program	  containing	  
rhythm	  training,	  four	  solo	  pieces	  of	  different	  styles	  and	  
collaborative	  playing	  items.	  The	  course	  materials	  were	  
developed	  in	  collaboration	  with	  piano	  staff	  from	  four	  
institutions	  who	  trialled	  the	  prototype	  curriculum	  with	  
two	  different	  student	  cohorts.	  Mixed-‐model	  ANCOVAs	  
showed	  a	  significant	  improvement	  in	  all	  rhythm	  and	  pitch	  
categories	  in	  the	  hybrid-‐approach	  group,	  thus	  exceeding	  
previously	  achieved	  outcomes.	  The	  proven	  effectiveness	  
of	  the	  hybrid-‐training	  approach	  led	  to	  publication	  of	  a	  
higher	  education	  textbook	  on	  sight-‐reading.	  	  
	  
Seacliff	  D	  -‐	  17:00	  	  
	  
The	  Relationship	  Between	  
Kindergarten	  Children’s	  Vocal	  
Performance	  and	  Recognition	  of	  
Songs	  with	  and	  without	  Words	  
Ana	  Isabel	  Pereira*,	  Universidade	  NOVA	  de	  
Lisboa;	  Helena	  Rodrigues,	  Universidade	  NOVA	  
de	  Lisboa;	  Patrícia	  Ávila,	  University	  Institute	  of	  
Lisbon	  (ISCTE-‐IUL)	  
Research	  on	  recognition	  of	  melody	  and	  words	  of	  a	  song	  
has	  shown	  words	  are	  the	  most	  salient	  feature.	  However,	  
how	  songs	  are	  taught	  with	  words	  and	  without	  words	  
influence	  perception	  of	  both	  components	  has	  not	  been	  
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addressed	  in	  depth.	  Furthermore,	  studies	  relating	  the	  
influence	  of	  teaching	  both	  type	  of	  songs	  on	  children’s	  
vocal	  performance	  were	  inconclusive.	  Within	  this	  
context,	  it	  is	  unclear	  if	  vocal	  performance	  is	  related	  to	  
the	  way	  children	  perceive	  melody	  and	  words.	  This	  study	  
aims	  to	  (a)	  find	  out	  how	  kindergarten	  children	  think	  
when	  judging	  changes	  made	  on	  melody	  or	  words	  of	  two	  
familiar	  songs,	  (b)	  determine	  whether	  children	  sing	  
better	  if	  a	  song	  is	  presented	  with	  words	  or	  without	  
words,	  and	  to	  (c)	  determine	  if	  the	  means	  through	  which	  
children	  perceive	  songs	  is	  related	  to	  its	  vocal	  
performance.	  Children	  aged	  4	  to	  6	  (N=52)	  attending	  a	  
private	  school	  in	  an	  urban	  area	  participated	  in	  a	  two-‐
phase	  study.	  Phase	  one	  occurred	  over	  a	  period	  of	  five	  
weeks	  in	  regular	  music	  sessions	  presenting	  a	  song	  A	  with	  
words	  and	  a	  song	  B	  without	  words.	  Phase	  two	  consisted	  
in	  individual	  singing	  of	  both	  songs	  and	  three	  recognition	  
tasks:	  song	  A	  presented	  without	  words;	  song	  B	  presented	  
with	  words;	  song	  A	  presented	  with	  melody	  of	  song	  B.	  
Children	  were	  asked	  to	  say	  if	  it	  sounded	  like	  song	  A	  or	  B,	  
and	  why.	  Responses	  revealed	  different	  criteria	  for	  
recognition:	  words	  (26%),	  melody	  (22%),	  and	  both	  (52%).	  
Interjudge	  reliabilities	  on	  rating	  scales	  were	  high	  (αA=	  
.959;	  αB=	  .932).	  Results	  showed	  different	  singing	  
achievements:	  better	  on	  song	  A	  (58%),	  better	  on	  song	  B	  
(16%),	  and	  no	  relevant	  differences	  (26%).	  Results	  showed	  
no	  significant	  interaction	  between	  preferred	  criteria	  for	  
recognition	  and	  vocal	  performances	  on	  both	  songs	  (F=	  
.575,	  ρ=	  .567).	  This	  study	  demonstrated	  different	  ways	  of	  
perceiving	  melody	  and	  words	  of	  a	  song,	  revealing	  no	  
relationship	  between	  recognition	  of	  songs	  and	  its	  vocal	  
performance.	  Further	  studies	  should	  replicate	  these	  
procedures	  with	  older	  children	  and	  different	  songs.	  
	  
Seacliff	  D	  -‐	  17:30	  	  
	  
The	  development	  of	  an	  
assessment	  for	  notation-‐evoked	  
sound	  imagery	  (NESI)	  
Anna	  Wolf*,	  Hanover	  University	  of	  Music;	  
Reinhard	  Kopiez,	  Hanover	  Music	  Lab,	  Hanover	  
University	  of	  Music,	  Drama	  and	  Media;	  

Friedrich	  Platz,	  University	  of	  Music	  Stuttgart;	  
Luis	  Estrada	  Rodriguez,	  Universidad	  Nacional	  
Autónoma	  de	  México,	  Mexico	  
The	  successful	  transformation	  of	  music	  from	  the	  written	  
score	  to	  being	  played	  with	  accurate	  movements	  and	  to	  
its	  being	  heard	  lies	  at	  the	  heart	  of	  skilled	  musicianship.	  
To	  enable	  future	  research	  on	  the	  development	  of	  
musicians,	  the	  processes	  of	  this	  transformation	  have	  to	  
be	  investigated	  more	  thoroughly.	  The	  aim	  of	  this	  study	  is	  
to	  further	  develop	  a	  rapid	  assessment	  instrument	  to	  
observe	  the	  transformation	  from	  the	  written	  score	  to	  the	  
imagery	  of	  sounding	  music:	  namely,	  the	  concept	  of	  
notation-‐evoked	  sound	  imagery	  (NESI),	  which	  follows	  the	  
notion	  of	  notational	  audiation.	  	  Referring	  to	  Brodsky	  et	  
al.	  (2008),	  we	  have	  developed	  and	  validated	  n=26	  sets	  of	  
stimuli	  consisting	  of	  a	  theme	  melody,	  a	  correct	  variation	  
and	  an	  incorrect	  variation	  (“lure”)	  of	  this	  particular	  
theme.	  In	  this	  procedure,	  participants	  (music	  students	  
and	  musicians,	  N=43)	  read	  the	  theme,	  try	  to	  imagine	  the	  
sound,	  hear	  a	  correct	  or	  incorrect	  variation	  and	  decide	  
whether	  the	  heard	  variation	  is	  based	  on	  the	  seen	  theme.	  
These	  stimuli	  have	  been	  examined	  in	  Pre-‐study	  1	  and,	  by	  
the	  means	  of	  signal	  detection	  theory,	  analysed	  with	  
regards	  to	  their	  item	  characteristics	  (Sensitivity/Easiness	  
d’:	  M=1.30,	  SD=0.84.	  Bias	  c:	  M=0.07,	  SD=0.45).	  In	  the	  
upcoming	  Pre-‐study	  2,	  both	  easier	  and	  more	  difficult	  
items	  are	  being	  generated	  and	  will	  be	  tested	  in	  spring	  
2016.	  Several	  control	  variables	  will	  be	  included	  based	  on	  
the	  preliminary	  results	  from	  the	  first	  study.	  	  On	  the	  basis	  
of	  these	  pretested	  items,	  a	  test	  instrument	  will	  be	  
developed	  to	  measure	  the	  extent	  to	  which	  musicians	  are	  
able	  to	  imagine	  the	  sound	  represented	  by	  a	  written	  score	  
(inner	  hearing).	  As	  many	  musical	  skills	  (e.g.,	  sight-‐
reading,	  playing	  by	  ear…)	  rely	  on	  the	  fast	  and	  accurate	  
switching	  between	  sounding	  music	  and	  the	  written	  
score,	  assessments	  will	  both	  facilitate	  research	  in	  
analytical	  hearing	  and	  mental	  representations	  of	  music	  
and	  uncover	  the	  role	  of	  the	  musical	  ear	  for	  musicians	  of	  
all	  skill	  levels.	  	  
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Music & Language 4 
Session Chair: Reyna Gordon 
 
Bayview A - 08:30  
 
Individuals with congenital amusia 
show impaired talker adaptation in 
speech perception 
Fang Liu*, University of Essex; Yanjun Yin, 
Chinese University of Hong Kong; Alice Chan, 
Nanyang Technological University; Virginia Yip, 
The Chinese University of Hong Kong; Patrick 
Wong, The Chinese University of Hong Kong 
Talker adaptation is a mechanism listeners use to 
accommodate speaker variability in speech perception. 
In a classical example, listeners categorized a tone as 
“high” when following a low-pitched context, but “low” 
in a high-pitched context. This study examined whether 
individuals with congenital amusia, a disorder of pitch 
processing, would show talker adaptation for lexical tone 
perception (Experiment 1), and whether talker 
adaptation is reflected at the brainstem level 
(Experiment 2).   Thirteen Mandarin-speaking amusics 
and 13 controls completed a lexical tone categorization 
task in Experiment 1, with either no context, or a high- or 
low-pitched context. The target stimuli were a 
continuum of Mandarin syllables /yi/, /wu/, and /yu/, 
with the initial fundamental frequency (F0) between 165-
200 Hz and the final F0 at 200 Hz. In Experiment 2, fifteen 
Mandarin speakers passively listened to /yi/ with initial 
F0s at 180 or 200 Hz in high- or low-pitched contexts 
while their frequency-following responses (FFRs) were 

recorded, in order to determine whether talker 
adaptation was a high-order cognitive or low-order 
brainstem process.  For tones with no context, amusics 
exhibited a shallower slope (i.e., reduced categorical 
perception) than controls when categorization rates 
were plotted as a function of initial F0. While controls’ 
lexical tone categorization demonstrated a significant 
context effect due to talker adaptation, amusics showed 
similar categorization patterns across both contexts. 
However, normal listeners’ FFRs to tones in different 
contexts did not show a talker adaptation effect.  These 
findings suggest that congenital amusia impacts the 
extraction of speaker-specific information in speech 
perception. Given that talker adaptation appears to be a 
high-order cognitive process above the brainstem level, 
the deficits in amusia may originate from the cortex. 

 
Bayview A - 09:00  
 
Music supports the processing of 
song lyrics and changes their 
contents: The effects of melody, 
silences and accompaniment 
YkeSchotanus*, Utrecht University 
A growing body of evidence indicates that singing might 
affect the perception of language both in a supportive 
and in a detrimental way. Accompaniment might be a 
factor of interest, because it is able to define rhythm and 
harmony and reduce the amount of silences. This might 
further music processing and support concentration. The 
main aim of the experiment was to test this hypothesis in 
a class room situation. Approximately 200 pupils (mean 
age  15, SD 0,6), spread over nine fixed groups (i.e. school 
classes), listened to four complete songs in six different 
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conditions (spoken or sung with and without 
accompaniment, sung without lyrics, and 
accompaniment only). In a regular lesson Dutch language 
and literature each group listened to five different tracks 
and completed a questionnaire after each track.  The 
questions they answered concerned processing fluency, 
valence, comprehension, recall, emotion and repetition. 
Listeners rated accompanied songs more beautiful and 
less exhaustive than unaccompanied songs or spoken 
lyrics, and had the feeling that in these songs the text is 
more intelligible and comprehensive. With 
accompaniment the singers voice was considered more 
relaxed and in tune than without (although the same 
recordings were used). Furthermore, the silences in 
conditions without accompaniment were rated more 
distracting than the interludes or the accompaniment in 
the other conditions. Lyrics were considered more happy, 
funny, sensitive and energetic, and less sad, heavy and 
nagging in the sung versions. Reactions on the conditions 
without lyrics indicate that even without language, music 
is able to evoke emotional meaning and even to code 
humor. Finally, verbatim repetition of words is less 
accepted when spoken; in the sung conditions 
repetitions add mainly emotional meaning to the words. 
These findings indicate that accompanied singing 
supports the transfer of verbal information, although it 
affects the contents of the words. 

 
Bayview A - 09:30  
 
Music is More Resistant to 
Neurological Disease than 
Language: Insights from Focal 
Epilepsy 
Laura Bird*, The University of Melbourne; 
Graeme Jackson, The Florey Institute of 
Neuroscience and Mental Health; Sarah Wilson, 
The University of Melbourne 
Language and music are higher cortical functions 
supporting verbal and non-verbal human 
communication. Despite their shared basis in auditory 
processing, music appears more resistant to neurological 

disease than language. Focal epilepsy provides a good 
model to test this hypothesis, selectively disrupting 
unilateral network functions. Language may also 
reorganise due to early onset left focal seizures, while 
effects on music functions are less clear. We compared 
the effects of focal epilepsy on music and language 
functions relative to age of seizure onset, laterality and 
seizure network. We expected music to be more 
resistant to left or right frontal or temporal network 
seizures than language, reflecting a greater bilateral 
cortical representation. We tested 73 pre-surgical 
epilepsy patients and 31 matched controls on a 
comprehensive battery of music tests (pitch, melody, 
rhythm, meter, pitch and melodic memory, melodic 
learning), language tests (verbal fluency, learning, 
memory, verbal reasoning, naming), visuospatial and 
executive functions, and IQ. Controlling for age and IQ, 
patients performed worse than controls on verbal 
fluency, verbal reasoning, and word list recall (all ps<.05), 
associative learning of semantically-linked (p =.065) and 
arbitrary-linked word pairs (p <.01) and their delayed 
recall (p <.01). This was particularly evident for left 
frontal or temporal seizure foci. A specific rhythm deficit 
was seen in left foci patients (p <.05), but no other 
differences in music skills between patients and controls. 
There were no effects for age of seizure onset (all 
ps>.05). So while disruption of left-sided networks 
impairs language, verbal learning and memory, music 
skills were largely preserved for left or right-sided 
network disease, irrespective of seizure onset. This 
supports theories of proximal but distinct neural systems 
for language and music, with left specialisation for 
temporal processing, and with music benefitting from 
greater bilaterality. 
 
Bayview A - 10:00  
 
An fMRI study comparing rhythm 
perception in adults who do and 
do not stutter 
Elizabeth Wieland*, Michigan State University; 
J. Devin McAuley, Michigan State University; Ho 
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Ming Chow, University of Michigan; David Zhu, 
Michigan State University; Soo-Eun Chang, 
University of Michigan 
Stuttering is a disorder that affects the timing and 
rhythmic flow of speech; however, when speech is 
synchronized with an external pacing signal, stuttering 
can be markedly alleviated. Several neuroimaging studies 
have pointed to deficiencies in connectivity of the basal 
ganglia thalamocortical (BGTC) network in people who 
stutter, suggesting that stuttering may be associated with 
deficient auditory-motor integration, timing, and rhythm 
processing. This study compared brain activity patterns in 
adults who stutter (AWS) and matched controls 
performing an auditory rhythm discrimination task while 
undergoing functional magnetic resonance imaging 
(fMRI; n = 18 for each group). We hypothesized that AWS 
would show (1) worse rhythm discrimination 
performance, particularly for complex rhythms, and (2) 
aberrant brain activity patterns in the BGTC network 
during the rhythm discrimination task, particularly for 
complex rhythms. Inside the scanner participants heard 
two presentations of a standard rhythm and judged 
whether a third comparison rhythm was the same or 
different. Rhythms either had an explicit periodic accent 
(simple) or did not (complex). As expected, simple 
rhythms were easier to discriminate than complex 
rhythms for both groups (p < .001). Although no main 
group difference was found, a significant rhythm type by 
group interaction exists (p = .038), where AWS had 
greater difficulty discriminating complex rhythms than 
controls. The fMRI results demonstrated that AWS had 
greater (and more right-lateralized) activation than 
controls in the BGTC network (e.g., right STG, right 
insula). Our results suggest that AWS are utilizing the 
rhythm processing network more during the task than 
controls, and may mean that AWS have to “work harder” 
during the task or are less familiar with utilizing this 
network. This difference may underlie deficiencies in 
internal rhythm generation, in turn affecting the timing 
of speech movements that result in disfluent speech. 
 
 

Music & Emotions 2 
Session Chair: Fernando Bravo 

 
Bayview B - 08:30  
 
The ‘rasa’ in the ‘raga’?  Brain 
networks of emotion responses to 
North Indian Classical ragas  
AvantikaMathur*, National Brain Research 
Centre; Nandini Singh, National Brain Research 
Centre 
The central notion in North Indian Classical Music is that 
of a raga. The word ‘raga’ originates in Sanskrit and is 
defined as 'the act of colouring or dyeing' (the mind and 
mood/emotions in this context) and therefore refers 
metaphorically to 'any feeling of love, affection, 
sympathy, desire, interest, motivation, joy, or delight’. It 
is believed that an artist uses particular note 
combinations, to create a mood (rasa) that is unique to 
the raga. We conducted a behavioural study in which 122 
participants from India rated their experienced emotion 
for 12 ragas on Likert scale of 0-4 (with 0 being ‘not at all 
felt’ to 4 being ‘felt the most’) for each of the following 
emotions - happy, romantic, devotional, calm, angry, 
longing, tensed, and sad. The results of the behavioural 
study conducted online revealed that ragas were indeed 
capable of eliciting distinct emotions. Eight ragas that 
were rated highest on ‘happy’ and ‘tensed’ emotion, four 
in each category were chosen for a subsequent 
functional neuroimaging experiment to investigate the 
neural circuits underlying these emotional responses. A 
separate group of 29 participants rated raga sequences 
selected from the behavioural study for ‘happy’ and 
‘tensed’ emotion. The raga condition contrasted with 
rest revealed a network of areas implicated in emotion 
processing namely, bilateral mOFC, ACC, caudate, 
nucleus accumbens, insula, precuneus, auditory 
association areas and right lOFC, amygdala, hippocampus 
- para hippocampus gyrus complex and hypothalamus. 
Further flexible factorial analysis revealed a main effect 
of emotion (happy/tensed) in the bilateral mOFC. Our 
results provide evidence for the first time that ragas elicit 
basic emotion circuitry. They also reveal that valence 
information may be coded in the mOFC. Together, we 
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demonstrate the ability of North Indian Classical ragas as 
tone sequences capable of eliciting distinct emotional 
responses.     
 
Bayview B - 09:00  
 
Multimodal affective interactions: 
Comparing auditory and visual 
components in dramatic scenes 
Moe Touizrar*, McGill University; Sarah Gates , 
Northwestern University; Kit Soden, McGill 
University, CIRMMT; Bennett Smith, McGill 
University; Stephen McAdams, McGill 
University, CIRMMT 
Links between music and emotion in dramatic art works 
(film, opera or other theatrical forms) have long been 
recognized as integral to a work’s success. A key question 
concerns how the auditory and visual components in 
dramatic works correspond and interact in the elicitation 
of affect. We aim to identify and isolate the components 
of dramatic music that are able to clearly represent basic 
emotional categories using empirical methods to isolate 
and measure auditory and visual interactions. By 
separating visual and audio components, we are able to 
control for, coordinate and compare their individual 
contributions. Using stimuli from opera and film noir, we 
collected a rich set of data (N=120) that will make it 
possible for us to segment and annotate musical scores 
with collated affect descriptors for subsequent score 
analysis. Custom software was developed that enables 
participants successively to record real-time emotional 
intensity, to create event segmentations and to apply 
overlapping, multi-level affect labels to stimuli in audio, 
visual and audiovisual conditions. Our findings suggest 
that intensity profiles across conditions are similar, but 
that the auditory component is rated stronger than the 
video or audiovisual components. Descriptor data show 
congruency in responses based on six basic emotion 
categories, and suggest that the auditory component 
elicits a wider array of affective responses, whereas the 
video and audiovisual conditions elicit more consolidated 
responses. These data will enable a new type of score 

analysis based entirely on emotional intensity and 
emotion category, with applications in music perception, 
music theory, composition, and musicology.  
 
Bayview B - 09:30  
 
Differences in Verbal Description 
of Music Listening Experiences 
between College Students with 
Total Blindness and Typical Vision  
Park Hye Young*, EwhaWomans University; 
Chong Hyun Ju ,  
In music listening, visual imagery is reported to be one of 
major modes to experience the emotions elicited by the 
music. When the listener has visual impairment (VI), it 
has been found that they use less analogy or 
metaphorical expression than those with normal vision 
(NV). This leads to implication that limitations of visual 
ability may affect abstract processing experience during 
music listening. The aim of this study is to qualitatively 
analyze characteristics of verbal description used by 
college students with and without visual impairments 
during music listening. Participants (10 VI, 10 NV) were 
students at five universities in Korea. Content analysis of 
the in-depth interviews showed the following results. 
First, compared to NV, VI more frequently use affective 
description and description via senses except vision; i.e. 
use of non-vision senses that substitute or compensate 
visual impairment. Second, NV frequently narrate 
episodic memories, while VI rather focus on situational 
depiction. Third, K-LIWC (Korean Linguistic Inquiry and 
Word Count) was administered to examine the types of 
verbal description between comparing groups, and 
results showed high ratio of pronouns and description of 
negative emotions in VI. Lastly, visually oriented 
verbalism, the use of abstract concepts not apprehended 
by concrete experiences, is found in VI. Highly observed 
is contextual verbalism which is specific spoken patterns 
formulated from daily living for VI. As a catalyst of 
emotion, music is perceived and expressed by both 
groups in active level; for VI through affective and 
situational depiction, and for NV through visual 
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description and episodic memories. VI’s visually oriented 
verbalism is employed as a tool to express and 
communicate with others, since they frequently use 
contextual verbalism even in the musical situation. 

 
Bayview B - 10:00  
 
Social eMotions – communicating 
emotions in contemporary dance 
TommiHimberg*, Aalto University; Klaus Förger, 
Aalto University; MaijaNiinisalo, Aalto 
University; Johanna Nuutinen, free-lancer; 
JarkkoLehmus, JoJo - Oulu Dance Centre 
Every social interaction is also communication of 
emotions through our voices, postures, and body 
movements. Emotions are contagious; they are in a 
constant flux, and have a big, yet often subconscious 
effect on our social relations. Dance and music have the 
ability to bring emotional communication to the 
foreground, and a wide spectrum of emotions, their 
intensities, and their social consequences can be 
explored through them. We combined contemporary 
dance and movement science to explore the social, 
dynamic, and embodied facets of emotions. Two dancers 
studied social emotions and emotional contagion in their 
artistic research, and then performed a short 
choreography with different emotional conditions 
(“loathing”, neutral, “loving”, pride & shame; pair having 
same or different emotions; static, changing together, or 
one contracting the emotion of the other). The 
performances were recorded using optical motion 
capture, and kinematic analysis was conducted to 
investigate which movement features correspond with 
which emotional states and scenarios. Principal 
component analysis (PCA) of the kinematic features 
indicates that the first component mainly captures the 
“vigorousness” of the dance, separating “loving” from 
“loathing”, with neutral performances in between. PC2 
captures the social dimension, or movement similarity 
between dancers. PC3 is loaded with acceleration-related 
features, and teases apart depictions of pride and shame 
from the others. Currently, perceptual experiments to 
investigate the audience’s responses are being 

conducted. Animations of actual performances and 
synthesized modifications are used to explore the effect 
of movement features parametrically. Our combination 
of artistic, kinematic and perceptual research on emotion 
communication allows us to discuss the mechanisms of 
emotional communication in the context of 
contemporary dance, and the applicability of them in 
other contexts, including music performance. 
 
 

Music & Health / Well-Being  
Session Chair: Nikki Rickard 
 
Marina - 08:30  
 
Music Training and 
Neuroplasticity:Cognitive 
Rehabilitation of TBI Patients 
Berit Marie Vik*, University of Bergen 
Music training is a highly multi modal complex stimuli for 
the brain. Music activities has shown to effectively 
change the structure and enhance the function of many 
brain areas making music a possible tool in neurological 
rehabilitation. The aim of the study was to explore the 
effects of musical training on traumatic brain injury (TBI) 
patients with cognitive deficits and designed an 
intervention protocol with 8 weeks piano tuition. 
Approximately training time: 3 hours per week including 
tuition time.The aim of the intervention was to restore 
cognitive function in TBI patients by stimulating neural 
networks in re-routing neural connections and link up 
cortical circuits that has been functional inhibited due to 
minor damage of either axons. dendrites or synapses. 3 
groups were recruited for the study: one TBI Group with 
mild to moderate injury,2 years post injury, with music 
(7),one control group of healthy subjects with music 
(11),one control group of healthy subjects without 
music(11).Assessment pre-post: fMRI, Block and Event 
design, DTI, Resting state fMRI. Neuropsychological tests. 
Results: fMRI: Statistics p-value adjusted for search 
volume: 0,001, functional and structural changes in 
Orbito-frontal cortex regulating executive functions and 
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social interaction. fMRI results fits well with outcome 
from cognitive tests, p-value 0,001, enhancement of 
cognitive performance in TBI Group and control group 
with music, no changes in control group without music. 
Six out of seven subjects in TBI Group were able to return 
to their jobs after the intervention period. Data has been 
validated one year post intervention revealing no 
changes in outcome. Conclusion: Clear evidence for 
training-related neuroplasticity, both functional and 
structural, supporting the aim of the intervention, 
restore cognitive function in TBI patients by re-routing of 
neural connections. 

 
Marina - 09:00  
 
Help Musicians UK Hearing Survey: 
Musicians’ hearing and hearing 
protection 
AlinkaGreasley*, University of Leeds; Robert 
Fulford, University of Leeds; Nigel Hamilton, 
Help Musicians UK; Maddy Pickard, Help 
Musicians UK 
The health of musicians’ hearing has received attention 
due to increased legislation protecting employees from 
noise in working environments. Help Musicians UK 
(HMUK) is a charity for professional musicians of all 
genres throughout their careers. In 2014, HMUK 
conducted a national survey into musicians’ health, and 
found that 47% of the sample (n=552) reported that they 
had experienced hearing loss. In response, HMUK 
conducted another survey investigating the prevalence 
and type of hearing problems, help-seeking behaviour, 
worry about noise at work, and use of hearing 
protection. A sample of 693 professional musicians took 
part, the majority being orchestral or instrumental 
musicians. Quantitative and qualitative data were 
analysed using SPSS and NVivo software. Results 
revealed contrasting patterns of associations between 
subjective perceptions of risk, experiencing symptoms, 
help seeking behaviour, hearing loss (HL) diagnosis, 
worry about noise at work, awareness of noise legislation 
and knowing colleagues with hearing loss. A large 

proportion of the sample had experienced HL or other 
hearing issues and many attributed hearing problems to 
their musical careers. Whilst two-thirds reported wearing 
hearing protection, frequently used, inexpensive forms of 
protection were given much lower effectiveness ratings 
than infrequently used expensive forms of protection. 
Orchestral and instrumental musicians were significantly 
more likely to use protection than singers and pianists. 
No association was found between having a test and the 
use of protection, suggesting that hearing tests should be 
accompanied by advice about the risks of NIHL to 
support improved protection behaviour and uptake. 
Results will be interpreted in relation to existing 
literature on musicians hearing and health promotion 
behaviour, and the data used to delineate the potential 
roles and responsibilities of employers, musicians' 
charities and musicians themselves in improving hearing 
protection uptake. 
 
Marina - 09:30  
 
Predicting Emotional Well-being: 
The Roles of Emotional Sensitivity 
to Music and Emotion Regulation 
Using Music 
Tan-Chyuan Chin*, The University of 
Melbourne; Nikki Rickard, Monash University 
Music engagement has been associated with a wide 
range of health and well-being benefits. There are 
however differential outcomes depending on a variety of 
factors such as listener contexts and emotion regulation 
styles. This study explored the relationships between the 
various motivations for engaging with music and self-
reported perceptions of musical capacity as captured by 
the MUSEBAQ, a comprehensive and modular instrument 
for assessing musical engagement, in a sample of 2964 
adults (aged 18-87; 59% females; 55% without formal 
music training). This study further examined the 
mediating role of emotional sensitivity to music between 
emotion regulation using music and emotional well-
being. Findings from mediation analyses suggest that the 
purposeful use of music to regulate emotions may not 
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necessarily predict better well-being outcomes. Higher 
levels of emotional well-being were predicted only with a 
greater capacity to experience strong emotions through 
music. This study suggests that when evaluating benefits 
of music engagement on well-being outcomes, individual 
variations in music capacity and engagement need to be 
carefully considered and further researched. 

 
Marina - 10:00  
 
Efficacy of a self-chosen music 
listening intervention in regulating 
induced negative affect: A 
randomised controlled trial. 
Jenny Groarke*, National University of Ireland; 
Michael Hogan, National University of Ireland, 
Galway; Phoebe McKenna-Plumley, National 
University of Ireland, Galway 
Affect regulation is a common music listening function. 
Findings regarding its efficacy are mixed. The majority of 
previous studies have employed university-aged samples, 
a silent control condition, and researcher-prescribed 
classical, or relaxing music. This study evaluates a self-
chosen music listening intervention with older (OA) and 
younger adults (YA). Forty YA (18-30 years, M=19.75, 
SD=2.57, 14 males) and forty OA (60- 81 years, M=69.06, 
SD=5.83, 21 males) were asked to select15 minutes of 
music to listen to in a stressful situation. Participants 
were randomised to the intervention (10 minutes music 
listening) or control condition (10 minutes listening to a 
radio documentary). Negative affect (NA) was induced in 
all participants using the Trier Social Stress Test, followed 
by the intervention/control. Measures of self-reported 
affect (Visual Analogue Scales: Excited-Depressed, 
Happy-Sad, Calm-Tense, Content-Upset, Relaxed-
Nervous, Serene-Stressed, Alert-Bored, Active-Fatigued) 
were taken at baseline, post-induction and post-
intervention. A 3 (baseline, post-induction, post-
intervention) x 2 (control, intervention) x 2 (younger, 
older adult) mixed-ANOVA found significant time*group 
interaction effects for Happy-Sad, Relaxed-Nervous, 
Active-Fatigue, and time*group, and time*age 

interactions for Excited-Depressed and Alert-Bored. A 
self-chosen music listening intervention was more 
effective than an active control at reducing induced NA, 
and was most effective for older adults - reducing NA 
below baseline levels. OA have rarely been included in 
music studies. Findings suggest music supports advanced 
emotion regulation capabilities in older adulthood, and 
will be discussed in relation to socio-emotional selectivity 
theory. Age differences may be due to differences in 
music chosen. 66% of the OA sample chose classical 
pieces, similar to those used in previous research. Only 
3% of the YA sample selected classical, instead choosing 
rock, pop, and dance music.  
 
 

Social Psychology of Music 2 
Session Chair: JonnaVuoskoski 
 
Seacliff D - 08:30  
 
Empathy promotes interpersonal 
coordination through music 
Peter Keller*, Western Sydney University; Zoe 
Mitsopoulos, ; Giacomo Novembre,  
Coordinating one’s actions with others in musical 
contexts requires sensorimotor and cognitive skills that 
may also support more general social interaction. 
Previous research has revealed relationships between 
individual differences in these skills and personality 
traits, including empathy, in tasks requiring musicians to 
synchronize movements with computer-controlled 
auditory sequences. We investigated whether empathy 
improves real-time interpersonal coordination between 
non-musicians engaged in musical activity and tested 
whether these effects generalize across situations with 
different temporal prediction demands, operationalized 
by varying musical leadership. Following pre-assessments 
of empathy, 13 pairs of participants with high 
perspective-taking scores and 13 pairs with low 
perspective-taking scores performed a musical 
coordination task involving the production of a familiar 
melody in synchrony on two electronic music boxes. 
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Rotating the music box handles controlled the tempo, 
triggering piano tones separated by two octaves between 
co-performers. Individuals took turns at leading the 
interaction in half of the trials and, in the other half 
(order randomised), there was no assigned leader. 
Results indicate that the degree of asynchrony between 
tones produced by members of high-empathy pairs was 
smaller than in low-empathy pairs. Furthermore, while 
interpersonal synchrony was generally poor when 
leadership was assigned, high- and low-empathy pairs did 
not differ in this impairment. Findings suggest that 
empathy facilitates interpersonal synchrony in individuals 
without musical training. General perspective-taking 
abilities may enable individuals to predict the timing of 
other’s actions via a process of motor simulation honed 
through everyday social interaction. The generalizability 
of this benefit across conditions where one or both 
individuals bear responsibility for predicting the other’s 
action timing suggests that such perspective taking is 
automatic. 

 
Seacliff D - 09:00  
 
Creating Together: Improvisation 
in music can enhance social 
bonding 
Katie Rose Sanfilippo*, Goldsmiths College; 
Eiluned Pearce , ; Lauren  Stewart, ; Jacques  
Launay,  
Music has the ability to create social bonds and unify 
communities. Previous research has attributed this effect 
to the synchronization of movement between 
individuals, mediated by the release of endorphins. 
However, improvisation may also be an important 
contributor to this social bonding effect. Group 
improvisation involves creativity and communication, 
and comes with the shared reward of completing a 
complex task. This study aims to investigate whether 
improvisation can enhance social bonding when 
controlling for the effects of synchronisation. Fifty-five 
participants were assigned to one of three conditions: 
unison (complete synchrony, no improvisation, low 

complexity), 4-part harmony (partial synchrony, no 
improvisation, moderate complexity), and improvisation 
(partial synchrony, full improvisation, high complexity). 
Social bonding was measured using a self-report 
questionnaire and a pre-/post- pain threshold test (as an 
index of endorphin release). Self-reported social bonding 
differed marginally between all three conditions (p = 
0.08): bonding was significantly higher for improvisation 
than for 4-part harmony (p = 0.007), but there were no 
significant differences between the other conditions. 
These results suggest that the effects of music-making on 
social bonding may be complex, involving several 
different factors such as reward and creativity. Both 
synchronization (unison) and improvisation seem to 
foster stronger social bonds that 4-part harmony. 
Creativity in group behaviour has an important role to 
play in fostering social ties. Its connection with social 
bonding helps explain why real musical activities might 
be more important in creating community connections 
than just tapping in time. These outcomes contribute to a 
better understanding of the evolutionary purpose of 
music and may have implications for how arts 
interventions are structured and used in clinical and 
educational settings.  

 
Seacliff D - 09:30  
 
Synchronous movement enhances 
cooperation in young children 
Tal-Chen Rabinowitch*, Institute for Learning & 
Brain Sciences, University of Washington; 
Andrew Meltzoff, Institute for Learning & Brain 
Sciences, University of Wshington 
Playing music together is a highly cooperative joint 
activity, requiring precise coordination between 
individual players. Certain features inherent to the 
performance of music may facilitate the intricate 
cooperation that enables players to create coherent 
music together. One such prominent feature is 
synchronization, the maintaining and alignment of 
rhythm between players. We wished to examine whether 
inter-personal synchrony is, in general, sufficient for 
enhancing cooperation, and whether this effect requires 
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long-term experience with music performance or is 
rather present already early in development. To this end 
we designed an experiment intended for young children 
that decouples synchronization from cooperation. We 
swung four-year-olds on a swing set either in synchrony 
or asynchrony and subsequently tested how well they 
performed cooperative tasks. We found that brief 
synchronous swinging was sufficient to prime the 
children and significantly improve their cooperation 
compared to asynchrony or no swinging at all. We 
further revealed that synchronization increased their 
tendency to signal to each other more clearly their 
intended movements. These results demonstrate that by 
enhancing intention signaling synchrony can positively 
affect cooperation, even if the cooperative task does not 
consist of any synchronous action. This mechanism is 
established early in development at the stage in which 
young children are learning how to cooperate. Perhaps 
during music playing, in addition to aligning players, 
synchrony also prompts players to communicate their 
intentions better, leading to enhanced performance 

 
Seacliff D - 10:00  
 
For 5-Month-Old Infants, Melodies 
Are Social 
Samuel Mehr*, Harvard University; Lee Ann 
Song, Harvard University; Elizabeth Spelke,  
For 1 to 2 weeks, 5-month-old infants listened at home 
to one of two novel songs with identical lyrics and 
rhythms, but different melodies; the song was sung by a 
parent, emanated from a toy, or was sung live by a 
friendly but unfamiliar adult first in person and 
subsequently via interactive video. We then tested the 
infants’ selective attention to two novel individuals after 
one sang the familiar song and the other sang the 
unfamiliar song. Infants who had experienced a parent 
singing looked longer at the new person who had sung 
the familiar melody than at the new person who had 
sung the unfamiliar melody, and the amount of song 
exposure at home predicted the size of that preference. 
Neither effect was observed, however, among infants 
who had heard the song emanating from a toy or being 

sung by a socially unrelated person, despite these 
infants’ remarkable memory for the familiar melody, 
tested an average of more than 8 months later. These 
findings suggest that melodies produced live and 
experienced at home by known social partners carry 
social meaning for infants. (n.b. this paper is in press at 
Psychological Science) 
 

Symposium:  
 

Music Perception & Cognition 
Across Species 1 
Session Chair: Aniruddh Patel (Tufts 
University); 
 
Bayview A -11:00 
 

Overview: 

 
Cross-species studies of music 
cognition 
Aniruddh Patel*, Tufts University; Yuko Hattori, 
Primate Research Institute, Kyoto University; 
Peter Cook, Emory University; Marisa 
Hoeschele, University of Vienna 
Recent years have seen increasing interest in empirical 
cross-species research on music cognition, as a way of 
addressing evolutionary questions about music cognition.  
This symposium brings together researchers who are 
doing comparative studies of music cognition in 
chimpanzees, sea lions, and songbirds to address 
questions about the origins of human rhythmic and 
melodic processing capacities.  The symposium will 
include research based on a variety of empirical methods 
(behavioral and neural) and will present new empirical 
research relevant to a range of theoretical issues, 
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including the origins of human beat perception and 
synchronization and cross-species similarities and 
differences in the perceptual cues used to recognize 
melodic patterns.  The four speakers and the discussant 
come from labs in the US, Japan, and Europe, reflecting 
international research on music cognition.  All have 
published research in the area of cross-species music 
cognition, and all will include new data in their 
presentations. 

 
Bayview A -11:00 
 
Rhythmic engagement with 
complex beat in chimpanzees 
Yuko Hattori (Kyoto University); Masaki 
Tomonaga (Kyoto University); Tetsuro 
Matsuzawa (Kyoto University); 
One of the interesting effects of music is that it induces 
our movement even when simply listening to it. Although 
recent studies report that non-human apes (and several 
other animals) also show spontaneous entrainment to 
auditory rhythms, still it is not fully understood how we 
acquired such embodied music cognition in the course of 
human evolution. Here we report spontaneous rhythmic 
engagement with complex auditory beat in chimpanzees 
(Pan troglodytes). At the experimental booth, we 
observed that some chimpanzees spontaneously began 
to coordinate their body movements in response to 
auditory beats.  So, we investigated systematically their 
responses to different auditory beats by video analysis. 
The characteristics of rhythmic movements (e.g., rocking, 
head bobbing) observed were similar to their display 
they show in daily life and this suggests that movements 
induced by the beat in the chimpanzees were in the 
range of their natural behavioral repertoire.  We also 
found more rhythmic engagement to complex beats than 
to simple beats and stronger effects in male chimpanzees 
than female chimpanzees. The finding suggests that a 
predisposition for rhythmic movement in response to 
music already existed in the common ancestor of 
chimpanzees and humans, approximately 6 million years 
ago.    

 

Bayview A -11:20 
 
Modeling beat keeping and 
mapping auditory and motor brain 
networks in sea lions: Implications 
for comparative hypotheses of 
sensorimotor synchronization 
Peter F. Cook (Emory University); Andrew Rouse 
(University of California Santa Cruz); Edward 
Large (University of Connecticut); Gregory Berns 
(Emory University); Margaret Wilson (University 
of California Santa Cruz); Colleen Reichmuth 
(University of California Santa Cruz); 
Recent comparative findings in birds, primates, and a sea 
lion have overturned the longheld belief in psychology 
that beat keeping is unique to humans. It remains to be 
seen what the limits on beat keeping behavior are in 
non-human animals, and to uncover the neural 
underpinnings for flexible rhythmic behavior. We 
exposed an experienced sea lion beat keeper to multiple 
tempo and phase perturbations in rhythmic stimuli and 
modeled her response recovery. Consistent with prior 
findings in humans, she showed a rapid return to stable 
phase following phase perturbation and more gradual 
return following tempo perturbation. These findings 
suggest the sea lion relies on similar neural mechanisms 
as do humans, which can be accurately modeled as 
processes of neural cooscillation. In parallel work, we 
used diffusion tensor imaging to map auditory, motor, 
and vocal production pathways in sea lion brains 
obtained opportunistically from animals euthanized in a 
veterinary rehabilitation facility. Tracts were compared 
to other pinniped species and primates. Based on these 
and other recent findings, we suggest that beat keeping 
capability is rooted in basic and widely shared neural 
processes underlying sensorimotor synchronization. We 
further suggest that the capability may be enhanced or 
restricted by a wide range of biological and 
environmental factors, including faculty for precise 
motor control, attention, motivation, and social 
interaction.    
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Bayview A -11:40 
 
Do other animals perceive cross-
cultural features of music? 
Marisa Hoeschele (University of Vienna); Daniel 
L. Bowling (University of Vienna); Lauren M. 
Guillette (St. Andrews University); Allison H. 
Hahn (University of Alberta); Bernhard Wagner 
(University of Vienna); Christopher B. Sturdy 
(University of Alberta); 
Music is found in all human cultures, which suggests that 
music is not a purely cultural phenomenon, but has roots 
in our biology. Not only that, but some aspects of music 
tend to be found cross-culturally, suggesting that they 
are fundamental to the phenomenon of human music. 
Are these fundamental features of human musical 
systems found in other species? If they are, we can begin 
to understand the evolutionary origins of these features 
by studying what other animals with these musical 
abilities have in common with each other and also us. 
Here we show two examples of methods we are using to 
understand whether other animals perceive music-
relevant sounds the way we do. In both cases, we  
conducted experiments with humans first without any 
explicit verbal instructions and then conducted the same 
experiments with other species to see if they would 
respond the same way. In the first task, we 
demonstrated octave equivalence in humans using a 
paradigm where humans had to respond to some sounds 
and not to others based on trialand-error feedback. In 
the second task, we demonstrated that humans prefer to 
listen to rhythmic over arrhythmic sounds by placing 
them in an arena with two rooms connected by an 
opening, where each room was playing a different 
soundtrack, and observing where they spent the majority 
of their time. We have begun to use these simple tasks to 
test other species. We found that a songbird species that 
is known for excellent pitch abilities failed to show 
octave equivalence in the same task that humans 
completed. We are currently studying how budgerigars, a 
parrot with excellent pitch, rhythm, and mimicry abilities, 

fares at both of these tasks. We also plan on studying 
mammalian species: while some avian species share rare 
potentially music-relevant abilities with humans, such as 
vocal mimicry and rhythmic entrainment (synchronizing 
to a beat), other mammals may share music-relevant 
genes with humans because they are more closely-
related to us than birds. 

 
Bayview A -12:00 
 
Do songbirds recognize melody on 
the basis of absolute pitch? 
Challenges to a prevailing view 
Aniruddh D. Patel (Tufts University); Micah R. 
Bregman (University of California San Diego); 
Timothy Q. Gentner (University of California San 
Diego); 
Humans easily recognize ‘transposed’ musical melodies 
shifted up or down in log frequency.  Surprisingly, 
songbirds seem to lack this capacity, although they can 
learn to recognize human melodies and use complex 
acoustic sequences for communication.  Two decades of 
research have led to the widespread belief that 
songbirds, unlike humans, are strongly biased to use 
absolute pitch (AP) in melody recognition. This work 
relies almost exclusive on acoustically simple stimuli that 
may belie sensitivities to more complex spectral features.  
Here, we investigate melody recognition in a species of 
songbird, the European Starling (Sturnus vulgaris), using 
tone sequences that vary in both pitch and timbre.  We 
find that small manipulations altering either pitch or 
timbre independently can drive melody recognition to 
chance, suggesting that both percepts are poor 
descriptors of the perceptual cues used by birds for this 
task.  Instead we show that melody recognition can 
generalize even in the absence of pitch, as long as the 
spectral shapes of the constituent tones are preserved.  
These results challenge conventional views regarding the 
use of pitch cues in non-human auditory sequence 
recognition.  
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Symposium:  

Pitch & Tonal Perception 3 
 
Bayview B -11:00 

 

Overview: 

 
Revisiting music perception 
research: Issues in measurement, 
standardization, and modeling 
Beatriz Ilari*, USC; GrazielaBortz, UNESP; Hugo 
Cogo-Moreira, Federal University of São Paulo; 
NayanaGermano, UNESP 
The study of music perception has received considerable 
attention from the scholarly community. Models of music 
perception have been devised, and several test batteries 
created and used, time and again, to investigate how 
humans make sense of the musical sounds found in their 
surroundings. In spite of the popularity of many studies 
and tests of music perception, discussions concerning 
their underlying epistemological assumptions, 
measurement properties and standardization are still 
rare. The aim of this symposium is to revisit music 
perception research from the perspective of 
psychometrics. As a contribution for the construction of 
critical thinking in this area, the participants of this 
symposium will share findings from three research 
projects concerned with the measurement of music 
perception.  Following a brief introduction of the 
symposium theme and presenters, the first presentation 
focuses on the construction of a new model for testing 
absolute pitch. The second presentation describes an 
experimental study on active and receptive melodic 
perception in musicians that is being carried out in Brazil. 
Finally, the third presentation brings forward the issue of 
construct validity in music perception research, following 

an analysis of 163 studies. The discussant will make some 
comments and then there will be time for discussion with 
audience members. 

 
Bayview B -11:00 
 
Absolute Pitch: In Search of a 
Testable Model 
NayanaGermano (UNESP); Hugo Cogo-Moreira 
(Federal University of Sao Paulo); GrazielaBortz 
(UNESP) 
Background: After an extensive bibliographical review of 
the cognitive trait known as absolute pitch (AP), we 
observed that its main characteristic lies in the ability to 
recognize and identify tones using verbal labels without 
any kind of external reference. However, its different 
definitions also include many non-consensual criteria. In 
addition, these criteria used to classify AP ability (e.g., 
the percentage of correct answers) are arbitrary (i.e., 
they are not statistically estimated). Consequently, it is 
important to find a way to cope with the indicators that 
classify AP, establishing cut-off points with accuracy rates 
to separate those who have AP from those who do not 
have it. 
Aims: Propose a set of indicators with potential content 
validity to assess what AP is, so that the resulting 
theoretical model could be tested in a future phase of 
research. 

Method: The reproducible model for AP (formed by the 
proposed indicators) can be established using 
standardization of criteria and their construct validity 
evaluation as conducted in the medical area throughout 
guidelines as Diagnostic and Statistical Manual of Mental 
Disorders or Composite International Diagnostic 
Interview. The test of the resulting theoretical model will 
use procedures from a field of statistics known as 
structural equation modeling, aimed at testing 
theoretical models. 

Discussion: The existence of different definitions for the 
same latent phenomenon using different criteria 
inevitably leads to different and non-directly comparable 
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models. For the study of any latent psychological trait, it 
is essential to identify a set of observable indicators (e.g., 
criteria, manifestations). Such criteria must have content 
validity based on evidence from empirical observations 
and theoretical foundations. This is an important step for 
AP researchers, as an adequate testable model for this 
cognitive trait must be defined and consequently 
evaluated regarding their fit to reality. 

 
Bayview B -11:30 
 
Active and Receptive Melodic 
Perception: Evaluation and 
Validation of Criteria 
GrazielaBortz (UNESP); Hugo Cogo-Moreira 
(Federal University of Sao Paulo); 
Background: Many music theorists and researchers 
believe that the ability to decode an isolated interval 
does not necessarily result in differentiating this same 
interval in real music. Yet there are no construct validity 
studies investigating the psychometric features of the 
used tests, neither randomized experimental trails to 
evaluate the effectiveness of interval recognition training 
on the perception of melody as Gestalt. Aims: a) evaluate 
the model underlying items composed to assess melodic 
perception ability; b) estimate items difficulties and 
discrimination for receptive and productive melodic 
perception of musicians, and c) validate the degree of 
agreement of criteria for the productive evaluation. 
Method: Sample is constituted by 150 students of an 
undergraduate school of music for the receptive 
evaluation. For the productive evaluation trait, out of 
150, a random subsample of 50 students is selected and 
is being evaluated by three judges, according to 4 items 
under a five-point-Likert structure. The agreement 
regarding specialists’ ratings on the productive 
evaluation domain will be assessed via weighted Kappa 
coefficient. To evaluate the construct validity, 
confirmatory factor analysis (CFA) will be used, 
estimating a) parameters of difficulty and discrimination 
for each item within each domain (dictation and sight-
singing as a melodic perception trait of musicians), and b) 

the amount of latent trait for each ability. Results: 
Research is in progress. Although data collection is 
finished, evaluation by the judges is being done. 
Discussion: Music students have being graded in ear-
training tests with no tool (test/scale/battery) showing 
evidences about construct validity that allows us to 
measure how good the latent trait of perception ability 
behaves. It is important to build assessment instruments 
to measure such ability well.  

 
Bayview B -12:00 
 
How are we measuring music 
perception and cognition? Lack of 
internal construct validity, overuse 
of row scores, and misuses of 
Cronbach’s Alpha 
Hugo Cogo-Moreira (Federal University of Sao 
Paulo); 
Background: Different tasks, batteries, tests, and 
paradigms are largely used in experimental branch of 
researches on music perception and music cognition, 
assessing musical skills (or inabilities as amusia). They 
aim to provide observed indicators underlying given 
ability/inability. Aims: to conduct a narrative review 
searching evidences for construct validity of the 
commonly used tasks, batteries, and tests normally used 
as correlational indicator for biological indicators as brain 
region’s thickness, volume, functionally or other 
phenotypical behavior/skills (e.g., attention). Methods: In 
the Pubmed database, without period restriction, the 
following term were searched: “music perception” and 
“assessment”. Results: Out of 163 studies, less than 1% 
described statistical analysis procedures proper to 
evaluate the batteries/tests’ construct validity. Even 
commonly used tools as Gordon’s Musical Aptitude 
Profile, Seashore Measures of Musical Talents, and 
Montreal Battery of Evaluation of Amusia (MBEA) do not 
present evidence regarding construct validity, which is 
assessed by factor analysis techniques (e.g., confirmatory 
factor analysis [under dichotomous items it is called Item 
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Response Theory]). Discussion: the impact of robust 
statistical methods to provide construct validity is still 
limited, being majority of psychological tests still were 
based on classical test theory. This is clearly an important 
limitation. Normally the proposed scales, tests, and 
batteries uses Cronbach’s alpha as a reliability index; 
however, such index is only a measurement of inter-item 
covariance per unit composite variance and a reasonably 
good index of reliability under certain restrictive 
condition which, in a brief review of the above cited 
tested, have been never assessed to ensure Cronbach’s 
Alpha’s use. Robust statistical models must be applied to 
music perception research, providing better 
understanding how to generate reliable, viable, and 
precise phenotypical measures. 
 

Symposium:  
 

Musical Development 3 
Session Chair: Annabel Cohen (University 
of Prince Edward Is);   
 
Marina -11:00 
 

Overview: 

 
Advancing Interdisciplinary 
Research in Singing (AIRS): Early 
Development 
Annabel Cohen*, University of Prince Edward Is;  
Anna Rita Addesso, University of Bologna; 
Sandra Trehub, University of Toronto 
Mississauga; Beatriz Ilari, University of 
Southern California 
Singing begins spontaneously early in life, as the case for 
speech. Although there has been extensive research on 

children’s acquisition of speech, relatively little attention 
has been devoted to the acquisition of singing, especially 
in the early years. Even within music psychology, the 
primary focus on skill acquisition has been on learning to 
play a musical instrument rather than learning to 
perform on one’s inborn vocal instrument. Singing entails 
multiple skills that include vocal play and gesture as well 
as learning and reproduction of melodies (pitch and 
rhythmic patterns) and lyrics. The present symposium, 
under the auspices of the AIRS (Advancing 
Interdisciplinary Research in Singing) Project, includes 
presentations by Anna Rita Addessi (Italy) on infants, 
Sandra Trehub (Canada) on toddlers, and Beatriz Ilari 
(U.S.A) on children of primary school age, with Mayumi 
Adachi (Japan) and Stefanie Stadler Elmer (Switzerland) 
as discussants. Anna Rita Addessi examines vocal 
interactions between caregivers and infants that occur 
during routine diaper-changing. Sandra Trehub’s analysis 
of home recordings of toddlers’ singing (from YouTube 
and parents) reveals that toddlers are capable of 
reproducing the contours, rhythms, and pitch range of 
conventional songs. Beatriz Ilari examines the long-term 
impact of musical (e.g., Il Systema) and nonmusical 
(athletic) interventions on various singing behaviors. 
Although children’s improvisation abilities increased 
substantially over the three years of the study, the 
musical interventions proved to be no more effective 
than the nonmusical interventions. The presentations 
and discussion provide novel findings across a wide age 
range, novel methods, and novel perspectives from 
different disciplines (music education, psychology) 
settings (home, school, community), and countries.     

 
 
 
Marina -11:00 
 
Vocal development in infancy: The 
role of reflexivity during 
interactions with parents, 
grandmother, and educator during 
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routine care 
Anna Rita Addesso (University of Bologna); 
This study takes a constructionist perspective concerning 
the interaction of an infant with various adults. It focuses 
in particular on an echo mechanism of repetition and 
variation, which structures the child-adult interaction 
according to different time scales (micro-events to daily 
rhythms), languages, modes of expression, and 
communication. A previous case-study with one infant 8 
months of age was videorecorded at home during the 
daily diaper change on successive days, with mother and 
father. The observed relation between the infant and 
adult behavior highlighted the importance of imitation 
and variation in these dyadic interchanges and several 
differences between mother and father. 

The present study reports on a larger study using this 
same paradigm. Eleven infant 8 months of age were 
videorecorded during the daily diaper change on 7 
successive days, at home and in the day-care nursery, 
providing 7 recordings each of the infant with the 
mother, father, grandmother, and educator. Audiovideo 
data was scored via a grid with respect to duration and 
frequency of vocal productions, imitation, variation, and 
turn taking. The results showed that the child’s vocal 
activity is inversely proportional to the adult’s vocal 
activity (duration and frequency) and increases when the 
adult imitates the child and respects the turn-taking. 
Several differences between mother, father, 
grandmother and educator were observed concerning 
the intentionality, the timing of the interaction, and the 
musical quality of the vocalisations. Data analysis now in 
progress will be presented and discussed. The results 
observed to date highlight the importance of the 
reflexive interaction between child and adult and can 
have important implications in the field of music 
education. Because the diaper activity takes place daily 
for every infant, these results have great generality and 
highlight the influences on infant vocal learning in 
everyday activities. 

Marina -11:30 
 
Toddlers’ Singing 

Sandra Trehub (University of Toronto 
Mississauga); 
According to most descriptions, toddlers focus on song 
lyrics rather than melodies when they sing, and the 
resulting songs have a relatively narrow pitch range. 
However, case studies have revealed more proficient 
singing in toddlers, raising the possibility that those 
toddlers were precocious rather than representative. 
Another possibility is that toddlers’ spontaneous singing 
at home may reveal more about their capabilities than 
their singing of experimenter-selected songs in less 
familiar environments. In one study involving home 
recordings from toddlers 18 to 36 months of age, we 
found a wide range of singing proficiency that was 
unrelated to speech production skills. At 20 months, a 
number of toddlers were merely producing the words of 
songs in a monotone voice. By 26 months, however, 
most toddlers reproduced the pitch contours, rhythms, 
and words of songs, with large individual differences. In 
another study (Helga Gudmundsdottir, collaborator), we 
sought to ascertain whether toddlers’ sung melodies 
were recognizable when sung with foreign words. We 
gathered home recordings of toddlers 16 months to 3 
years (from YouTube and parents). We selected several 
samples of two familiar songs (Twinkle, Twinkle; Happy 
Birthday) and two unfamiliar children’s songs, all sung in 
foreign languages. In online testing, English-speaking 
adults were required to identify the tunes. They readily 
identified the familiar tunes (over 90% correct) but not 
the unfamiliar tunes. These findings disconfirm the claim 
that toddlers’ songs are recognizable from the lyrics. 
Pitch analyses revealed that toddlers’ pitch range 
approximated that of the target songs, disconfirming the 
claims of reduced pitch range. Finally, in an ongoing 
study, we are attempting to ascertain whether toddlers’ 
proficiency in imitating visual gestures is related to their 
proficiency in singing, which relies, in part, on vocal 
imitation. 

 
Marina -12:00 
 
From imitation to creation: 
Children's developing 
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improvisatory skills 
Beatriz Ilari (University of Southern California); 
Cara Fesjian (University of Southern California); 
Bronte Ficek (University of Southern California); 
AssalHabibi (University of Southern California); 
Improvisation is one important means for developing 
creative thinking in music. In spite of much discourse in 
support of improvisation in classrooms, little is currently 
known about the development of children’s 
improvisatory skills. The aim of this mixed methods study 
was to examine the development of children’s inventions 
of vocal song endings over the course of three years. 
Children (N = 52) were followed for three years beginning 
in first-grade. They were divided into three groups (i.e., 
music – El Sistema-inspired program, sports, control) 
based on their extracurricular activities. For three 
consecutive years, children were asked to invent song 
endings to given song beginnings based on a task from 
the ATBSS. They also sang “Happy Birthday”, engaged in 
pitch matching tasks, and talked about music. Invented 
song endings were analyzed in terms of number of trials 
and creativity scores, and in relationship to singing skills, 
which were examined for accuracy and range. Musical 
and extra-musical qualities of all vocal creations were 
also analyzed, giving origin to in-depth case studies of 
song creators and their unique products. Quantitative 
analyses revealed no interactions between groups and 
creativity scores or number of trials in any given year. 
Significant differences in creativity scores were found for 
year 3, for all groups. Qualitative analyses suggested that 
there were six different strategies used by child creators 
when inventing song endings, with the latter being 
influenced by children’s personality, dispositions, and 
immediate social environments. The act of inventing 
song endings may come naturally to some children, 
irrespective of music training. These results suggest a 
multitude of contributing factors to executing and being 
comfortable with improvisation, including the 
importance of offering ample opportunities for children 
to improvise and compose in formal music education 
settings.  
 
 

Music & Movement 2 

Session Chair: Marc Thompson 
 
Seacliff D - 11:00  
 
The effects of ancillary gestures on 
interpersonal coordination in 
ensembles 
Petri Toiviainen*, University of Jyväskylä; Peter 
Keller, Western Sydney University 
Ensemble performance entails the coordination of 
sound-producing instrumental movements, while 
relatively unconstrained ancillary gestures communicate 
expressive intentions and regulate co-performer 
interaction via the visual modality. Previous work has 
shown that the interpersonal coordination of 
instrumental movements and ancillary gestures is 
correlated, but little is known about this relationship and 
whether it is influenced by musical roles (melody vs. 
accompaniment), which may affect leader-follower 
relations. We sought to identify features of ancillary 
gestures that influence the interpersonal coordination of 
instrumental movements, and to determine whether the 
relative importance of these features varies with musical 
role (primo vs. secondo) in duos. Data from 16 pairs of 
pianists were analyzed. From a collection of 8 piano 
duets, each pair performed 2 duets, 6 times each, 
without visual contact on electric keyboards, while their 
upper body movements were recorded with a motion 
capture system. Subsequently, for each performance, 
interpersonal keystroke synchrony was quantified from 
the MIDI data and the motion capture data were 
decomposed into eigenmovements by means of a group 
PCA. Finally, multiple regression analyses were applied to 
predict keystroke synchrony from the interpersonal 
mutual information in the eigenmovements and the 
energies thereof. The degree of keystroke synchrony 
could be significantly predicted both by the mutual 
information and by the energy. In particular, high mutual 
information between the players' anteroposterior body 
sway and head nodding predicted high synchrony. 
Moreover, high energy in the secondo player's 
anteroposterior movement was associated with high 
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synchrony. The results suggest that ancillary 
anteroposterior body sway facilitates the interpersonal 
coordination of instrumental movements, hence sounds, 
in ensembles. Performers playing a follower role 
contribute more, presumably by adapting to the leader’s 
timing.  
 
Seacliff D - 11:30  
 
Connecting conductor gesture to 
compositional features and 
conductors’ expressive intentions: 
an exploratory kinematic study 
Yu-Fen Huang*, University of Edinbugh; Nikki 
Moran, University of Edinburgh; Raymond 
MacDonald, University of Edinburgh; Simon 
Coleman, University of Edinburgh 
Orchestral conductors use body movement to 
communicate their interpretation of musical 
compositions, relaying to the orchestra their intentions 
regarding the way that both intrinsic and expressive 
structural features (melodic line, harmonic progression, 
metre, dynamic range, etc.) are delivered in 
performance.  The communicative nuance of conductors’ 
gestures is much richer than is suggested by general rules 
addressed in conducting manuals; meanwhile, accounts 
which address detailed interpretation tend not to 
address the pragmatic detail of conducting movement. 
This study explores how kinematic features of six 
conductors connect to compositional features, focusing 
on the relationship of certain movements to the 
unfolding temporal structure of the performance; and 
also to features selected by each individual conductor 
according to their own interpretation and communicative 
intentions. Six conductors worked with a small string 
ensemble, rehearsing and recording excerpts from three 
pieces of music by Mozart, Dvořák and Bartók. Their 
conducting movements were recorded by an optical 
motion capture system Qualisys. Kinematic features 
including movement distance, speed, acceleration and 
jerk were extracted using Visual 3D. Correlational 
analysis revealed distinctive kinematic features of 

conducting movement within each item of repertoire. 
The movements showed higher variability at the musical 
events highlighted by the individual conductors, with 
conductors demonstrating multiple strategies to 
modulate those musical features they intended to 
highlight. Temporal analysis focused on specific time 
points where distinctive movement features are 
identified, and – based on qualitative analysis of 
interview data with the conductor participants – explore 
the relationship between these movement changes and 
conductors’ stated intentions regarding their 
interpretation of the musical compositions.  

 
Seacliff D - 12:00  
 
The sound of movements: self-
other perception of musical 
gestures in multimodal conditions 
JesperHohagen*, University of Hamburg; 
Clemens Woellner, University of Hamburg 
Background Truslit (1938) developed a theory on the 
gestural quality of musical interpretations. Self-other 
judgment paradigms of visual point-light movements 
(Sevdalis& Keller, 2010) allow elucidating action-
perception coupling processes (Prinz, 1997) underlying 
musical performance movements as described by Truslit. 
In addition, movement sonification appear to be a 
promising methodological approach in this regard. Aims 
The present study investigates Truslit´s hypothesis of 
prototypical musical gestures by comparing free 
movements (f) and movements following detailed 
instructions (i) recorded by a motion capture system. The 
effects of watching these movements and listening to the 
sonification were tested within a multimodal self-other 
recognition task. Method A total of 26 right-handed 
participants (age: M=28.04, SD=5.20; 30,8% female, 13 
musicians) were tracked with a motion capture system 
while executing arm movements to Truslit’s (1938) 
original musical examples. The second experimental part 
consisted of a self-other perception judgment paradigm, 
presenting sequences to the same participants (matched 
with those of two other participants, unbeknown to 
them) under four different conditions: 1. 2D point-light 
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display (v), 2. sonification, (a), 3. 2D drawing map 
without movements or sounds (si), 4. combination of 1. 
and 2. condition (av).   Results Analyses of the self-other 
recognition task address judgment sensitivity by 
calculating d-prime (d’) scores for individual participants. 
One-sample t-tests revealed that self-recognition was 
successful in three conditions: v (t{22} = 2,21, p < .05); si 
(t{22} = 2,45, p < .05) and av (t{22} = 2,46, p < .05). 
Musicians score significantly higher in the visual (t{21} = 
2,29, p < .05) and audiovisual conditions (t{21} = 2,31, p < 
.05) compared with non-musicians. Conclusions The 
findings suggest that musicians have improved skills to 
recognize their own musical gestures across conditions 
compared to non-musicians.  
 
 

Rhythm, Meter & Timing 4 
Session Chair: Justin London 
 
Bayview A - 14:00  
 
Ensemble synchronization and 
leadership in Jembe drumming 
music from Mali 
Nori  Jacoby*, MIT; Justin London, Carleton 
College; Rainer Polak, Max Planck Institute for 
Empirical Aesthetics, Frankfurt 
1. Background Recent studies of ensemble 
synchronization provide valuable insight into the 
question of musical leadership, but thus far these 
methods have been only applied to Western music 
(Keller 2013; Wing et al. 2014). Performers in a Jembe 
ensemble from Mali (typically 2-4 musicians) inhabit 
distinct musical roles: lead drum, repertoire-specific 
timeline, and one or two ostinato accompaniment parts, 
making this repertoire ideally suited to investigate 
ensemble entrainment.  2. Aims We evaluate two 
different computational models of ensemble 
synchronization to study implicit leadership roles as 
expressed in timing relationships between performers, 
and expand the application of this methodology in a 

cross-cultural comparative perspective.   3. Method We 
analyzed 15 performances of three pieces of Jembe 
percussion music recorded in Bamako, Mali in 2006/07. A 
semiautomatic onset detection scheme yielded a data 
set of ~40,000 onsets with a temporal resolution of 
±1ms. Two different statistical approaches, linear phase 
correction modeling (Vorberg and Schulze 2002) and 
Grainger causality (Barnett and Seth 2014), were used to 
analyze the timing influences between the parts.  4. 
Results We found that whereas no single part is a clear 
leader, there is one consistent follower: the lead drum, 
which adapts to the timeline and accompaniment parts 
to a far greater extent than vice-versa. This is significantly 
different than the timing behaviors found for Western 
string quartets (Timmers et al 2014; Wing et al. 2014).   5. 
Conclusion Our finding that the lead drum has the most 
adaptive role in terms of ensemble timing suggests a 
reconsideration of the concept of leadership in Jembe 
ensembles, and perhaps more generally. These findings 
also complicate the Africanist concept of timeline as the 
central timing reference. Rather, the accompaniment 
plus timeline parts together play a time-keeping role in 
the jembe ensemble.  
 
Bayview A - 14:30  
 
Groove in context:  Effects of 
meter and instrumentation 
Richard Ashley*, Northwestern University 
Background Groove—that aspect of a musical stimulus 
that elicits a tendency to entrain or move along with it—
is of empirical and theoretical interest (Danielsen 2006, 
Janata, Tomic, &Haberman 2012, Madison et al 2011, 
Witek et al 2014). Prior work has focused on groove and 
genre, microtiming, or tempo, with less attention to 
specifics of musical structure.   Aims This project 
investigates groove as a function of multi-voice rhythmic 
structure. Our emphasis is on the role of interactions of 
accent structures in different musical lines.  Methods 
Stimuli are taken from two different sources:  rhythm 
section recordings (drums, bass, and other instruments, 
e.g. guitar and keyboards) and full recordings (excerpts 
with vocals and instrumentation).  Stimuli vary by 
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number and combinations of lines (one, some, or all 
rhythm instruments, or song segments including only 
rhythm section instruments or others, such as horns), 
and also by selected transformations of order (such as 
retrograde of original rhythms).  Participants give ratings 
for groove and also move to the music as desired, not 
limited to manual tapping.  Results Data are still being 
collected.   Rhythmic structure has a significant influence 
on groove, more with regard to entrainment than to 
global ratings of groove.  Listeners seek 'stable' patterns 
of entrainment to popular music rhythmic schemata, 
which are not necessarily predicted by notation or 
instrumental conventions (i.e. bass drum=downbeats).  
Rhythm section instruments are more influential than 
others.  High-groove rhythms tend toward  'front 
loading,' with stronger and more predictable periodic 
structure at the beginning of metric units and more 
variability afterward.  Conclusions A sense of groove 
emerges from the interactions of musical lines within 
metric frameworks, with listeners responding to both 
stability (predictability) and diversity (novelty) of 
rhythmic structure.    

 
Bayview A - 15:00  
 
Single gesture cues for 
interpersonal synchronization 
Esther Coorevits*, IPEM - Ghent University; Dirk 
Moelants, Ghent University; Marc Leman, 
Ghent University 
Synchronization is an essential aspect of ensemble 
performance. Musicians use different strategies to start 
playing together and keep the tempo. One of the 
methods commonly used is sniffing. Intriguingly, the 
sound of a single sniff does not contain explicit intervallic 
information. Still, a sniff can make musicians synchronize 
and communicate tempo successfully. Similarly, 
conductors often use a single gesture to set the tempo of 
the music. The aim of this study was to discover which 
features of these single gestures make the 
communication of timing possible. We hypothesize that 
the sniff functions as a sonification of a visual cue, 
translating the gesture of a conductor in an auditory 

trace. To test this, two experiments were conducted. In 
the first experiment, 2x20 musicians were asked to 
synchronize single claps and clap simple rhythms in 3 
tempi and 3 meters, only using a single sniff. In the 
second experiment, 10 conductors were asked to 
conduct an ensemble of two musicians clapping the same 
rhythms as in the first experiment. The conductors were 
asked to indicate the tempo and the meter of these 
rhythms prior to the first note with only one single 
gesture. The results show that the maximum intensity of 
the sniff is significantly higher in the fast tempo, while 
the duration becomes significantly shorter. Similarly, the 
peak acceleration in the conductors’ gestures increases 
with tempo while the duration of the gesture becomes 
shorter. By means of functional data analysis, closer 
investigation of both sniff intensity and conductors’ 
velocity and acceleration patterns shows an overall 
similarity in shape. No clear influence of meter was 
found. These results show that single gestures can 
communicate aspects of timing through their shape. This 
supports the idea that the communication of timing does 
not has to rely on event-based aspects only, but that 
emergent, continuous aspects of time are also sufficient 
for ensemble synchronization.   
 
 

Music & Meaning 1 
Session Chair: Martin Norgaard 
 
Bayview B - 14:00  
 
Evaluating the musical 
protolanguage hypothesis using a 
serial reproduction task  
William Thompson*, ; Weiyi Ma, Macquarie 
University; Anna Fiveash , Macquarie University 
The origin of music and language is a fundamental 
question in science. Darwin’s musical protolanguage 
hypothesis holds that music and language evolved from a 
common precursor that gradually diverged into two 
distinct systems with distinct communicative functions. 
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In this investigation, a serial reproduction task was used 
to simulate this process of divergence. Fifteen 
participants were presented with eight vocalized 
nonsense sounds and were asked to reproduce them 
with specific communicative intentions. Four 
vocalizations functioned to communicate an emotional 
state (happy, sad, surprised, tender) and four 
vocalisations were referential, communicating a physical 
entity (tree, hill, stone, grass). Participants were told to 
reproduce each sound with the defined communicative 
intention strongly held in mind (the assignment of the 
eight vocalisations to emotional or referential conditions 
was counterbalanced across participants). The resultant 
vocalisations were then recorded and played to a new 
set of 15 participants, who were given the same 
instructions as the first set of participants. This 
procedure was continued across five sets of participants 
(“generations”) to create 15 “chains” of reproductions. 
Recordings of the final 120 vocalisations were presented 
to two new groups of participants in Australia (N=40) and 
China (N=40), who rated each in terms of its perceived 
music- and speech-like qualities. Emotional vocalizations 
were rated as significantly more music-like than 
referential vocalisations; and referential vocalisations 
were rated as significantly more speech-like than 
emotional vocalizations. Acoustic analysis of 
vocalizations revealed clear differences in rate, intensity, 
and pitch variation for emotional and referential 
vocalizations. This study is the first to experimentally 
demonstrate how a musical protolanguage may have 
gradually diverged into speech and music depending on 
the communicative intention of vocalizations.  

 
Bayview B - 14:30  
 
Instrumental functionality and its 
impact on musical perception 
Morten Schuldt-Jensen*, University of Music, 
Freiburg, Germany 
In order to convey not only the semantic information of a 
score but also the emotional connotation of the work, 
every interpretation of a classical composition implies an 
attempt to identify the artistic and even ethical-religious 

intentions of the composer. The findings are to be 
expressed in the performance by means of only a few 
musical categories - tempo, dynamics, phrasing, 
articulation, timbre – which on a technical level, 
however, encompasses a host of optional parameters, 
among which musicians and conductors must 
permanently navigate in order to target the emotional 
impact of their interpretations.  This presentation aims to 
explain and exemplify these options based on recent 
findings within the fields of musical perception and 
semiotics.  As human beings we are especially 
conditioned to receive emotional messages by means of 
the human voice, and recent research (Sundberg et al. 
2015) has shown, that different vocal registrations 
consistently elicit certain emotions in the listener, 
probably based on a bodily/tactile recognition of the 
spontaneous vocal functionality in a certain emotional 
state. This inferred maluma-takete phenomenon holds 
good for – transposes into – the functionality of 
instrumental music as well.  Drawing on a number of 
performance practical insights from a conductor’s point 
of view and by analyzing excerpts from highly contrasting 
recordings of e.g. Bach’s St. Matthew Passion and the 
Requiems of Mozart and Brahms the presentation will 
show, how a variety of apparently mere functional 
choices, from string bowings and vibrato frequency to 
the vocal registration of the soloists, possible disregard 
of biographical and „less important“ score information, 
as well as ignorance of period performance conventions 
can dramatically change the intended emotional and 
theological meaning of a composition – and thus 
eventually its artistic effect and religious function.  
 
 

Acoustics & Psychophysics 2 
Session Chair: Alexandra Lamont 
 
Marina - 14:00  
 
Insights into the complexities of 
music listening for hearing aid 
users  
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AlinkaGreasley*, University of Leeds; Harriet 
Crook, Sheffield Teaching Hospitals NHS 
Foundation Trust; Robert Fulford, University of 
Leeds; Jackie Salter, University of Leeds 
Music listening has significant health and well-being 
benefits, including for people with all levels of hearing 
impairment. Digital hearing aids (HA) are optimised for 
speech amplification and can present difficulties for 
music perception. A UK-based project is currently 
exploring how music listening behaviour is shaped by 
hearing impairment and the use of HA technology. 
Findings from two studies will be reported. First, a clinical 
questionnaire explored the extent of music listening 
issues and the frequency and success of discussions with 
audiologists about music. Data from 176 HA users (age 
range 21-93, average=60.35, SD=18.07) showed that 
problems with music listening were often experienced 
and almost half reported that this negatively affects their 
quality of life. Participants described issues listening to 
live music performances, hearing words in songs, the loss 
of music from their lives and associated social isolation. 
Most had never talked with their audiologist about music 
and, for those that had, improvements were rarely 
reported. A second study explored listening experiences 
of HA users in greater depth, with the collection of pure 
tone audiometry to facilitate interpretation of accounts. 
The sample (n=22, age range 24-82, average=62.05, 
SD=24.07) included participants with a range of hearing 
impairments and levels of musical training. Participants 
described a variety of listening behaviours and 
preferences combined with different patterns of HA and 
Assistive Listening Device use. Analyses showed 
interactions between contextual factors such the 
individual nature of hearing loss (e.g. type, level, 
duration); levels of musical engagement (e.g. daily 
exposure, training) and contexts (e.g. recorded music at 
home/travelling,  live performances). These studies 
provide new data on a poorly understood topic that will 
be used to inform the design of a national survey which 
seeks to identify patterns in the listening behaviour of a 
wider population of HA users. 

 
Marina - 14:30  
 

The Perception of Auditory 
Distortion Products from 
Orchestral Crotales 
Alex Chechile*, CCRMA, Stanford University 
On the Sensations of Tone is a series of compositions 
that use specific acoustic material to create a separate 
stream of music generated by the body. Upon the 
simultaneous presentation of two closely related pure-
tone frequencies, auditory distortion products are 
produced on the basilar membrane in the cochlea and 
result in the perception of additional tones not present in 
the acoustic space. From 18th century concert music to 
contemporary electronic music, composers have 
implemented “combination tones” in pieces using 
instruments ranging from the violin to computer-based 
synthesizers. The aim of the present work was to 
examine the acoustic properties of the orchestral 
crotales within the context of combination tones and the 
composition On the Sensations of Tone VIII. The crotales 
are small cymbals chromatically tuned in the range of C6 
to C8 (or F8), and are usually played with mallets or 
sometimes bowed. Pre-compositional methods involved 
conducting a spectral analysis in MATLAB of the upper 
octave crotales, calculating the appropriate distortion 
products, and matching the acoustic tones with 
synthesized frequencies. The results indicated clearly 
perceivable additional tones, which informed the 
compositional process. A case study of the piece 
illustrates how distortion products and virtual pitches 
allow for additional harmonic material. Distortion 
products also allow for expanded spatial depth between 
acoustic material and material generated in the ear. 
Macroscopic and microscopic listening is possible by 
shifting attention between the different streams, and 
contributes to a unique listening experience. 

 
Marina - 15:00  
 
Vibrotactile perception of music 
Frank Russo*, Ryerson University; Paolo 
Ammirante, Ryerson University 
While music is primarily experienced in the auditory 
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domain, many aspects of music can also be experienced 
through vibrotactile stimulation alone. This paper 
provides an overview of research in our lab that has 
assessed the perception of vibrotactile music. Specific 
features of music considered include pitch, rhythm, and 
timbre. We also consider differences in vibrotactile and 
auditory perception with regard to higher-level 
constructs such as melody and emotion. Finally, we 
consider methodological issues in this research and the 
manner in which the utilization of cues may change as a 
function of hearing loss, experience, and magnitude of 
stimulation.       
 
 

Music Performance 3 
Session Chair: Peter Keller 
 
Seacliff D - 14:00  
 
Perception of "Stolen Time" in 
Music: an Approach to the 
Systematization of Piano 
Performing 
Rima Povilioniene*, Kaunas Technology 
University 
Traditionally the concept of rubato (from Italian rubare – 
“stolen time”) marks the practice of playing with 
rhythmic freedom (speeding up/slowing down). Most 
often the irregularity of musical rhythm/meter/tempo is 
not indicated in the score, but expressed by performers 
liberally (personally). Therefore the use of rubato results 
the uniqueness of interpretation and variety of artistic 
insights. The presentation deals with a possibility to 
systemize this very indeterminate phenomena in the 
practice of piano performing, taking into account the 
features of rubato as the indicators of particular artist 
type. The different manifestations of rubato are analyzed 
in the case of Chopin’s very first nocturne (B flat minor, 
Op. 9 No. 1), based on over 40 different recordings 
ranging from 1928 to 2015, studio and live performances. 
The research focuses on the different levels of 

disagreement in the vertical of the score, calculation of 
total time (because of highly varying speed), comparison 
of particular ornamentations etc. Generally the analysis 
fits on rubato as “a potent factor in musical oratory” 
(Paderewski) and confirms two conventional ways of 
expression of rubato: first, the flexible ornamentation of 
melody runs upon the regular accompaniment (i.e. the 
freedom of tempo and rhythm is achieved under the 
strict pulse of eighth notes in arpeggios in the left hand); 
second, the flexibility manifests both in the melody and 
accompaniment (i.e. no accurate timing in both hands). 
However, the examination and comparison of over 40 
examples, some of which are radically opposite, – it is 
worth mentioning legendary pianist Leopold Godowsky 
(celebrated for the gorgeous singing tone, beautifully 
balanced voicing and masterful pedaling) and Andrei 
Gavrilov (one of the most controversial, charming and 
unpredictable performers in contemporary piano world), 
– lets to determine four particular groups of pianists 
(characterized by certain artistic portraits or specific 
schools of piano). 

 
Seacliff D - 14:30  
 
Micro manipulations, macro affect: 
is expressive accent perception 
influenced by auditory-biography 
in live music performance? 
Cynthia-Louise Dellit*, University of Newcastle 
Mystification continues to surround artistic personae and 
interpretive powers of performing musicians. Recent 
works suggest that attempting to quantify building blocks 
of artistic communication may evoke resistance from 
sections of the performance/teaching community 
although a more explicit approach could clearly benefit 
students. My novel research contributes to 
"demystification" of artistry by analysing/trialling in the 
area of non-notated accenting. Accent, described as a 
complex phenomenon, occupies an augmented 
expressive space involving micro-manipulations of 
multiple sound parameters and contributes significantly 
to the communication of musical affect. I have 
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designated auditory-biography (AB), i.e. personal 
listening history, as both socially situated and shaped by 
specialized instrument/ensemble exposure. This paper 
reports on a study investigating influences of AB on 
perceptual accenting accuracy. Inter-musician perception 
of expressive accenting patterns was examined using 
stimuli from live Bach sonata performances. Listener 
participants were performance majors from diverse 
instrumental backgrounds. The three solo performers 
(contrasting instruments) were experienced 
professionals. Listeners marked on a score beat onsets 
which were highlighted in some way. The trial, led by the 
performer-as-researcher, explored the hypothesis: “A 
group of musicians will perceive the same sound cue as 
different sound cues with the difference indicating AB 
instrument/ensemble/social influences”. Data was pre-
processed using SDT, analysed with general linear models 
using inference via Bayes factors. Results confirmed 
extensive correlations between AB and accenting 
accuracy, including influences of timbral/instrument 
register familiarity, ensemble genre and socially situated 
bias. This study increases understanding of ensemble 
training programs as well as the multi-layered, richly 
interconnected areas of AB and accent as enacted during 
the interpretation of music texts. 

 
Seacliff D - 15:00  
 
The Seattle Singing Accuracy 
Protocol: An Automated Measure 
of Singing Accuracy 
Steven Demorest*, Northwestern University; 
Peter Pfordresher,  
The Seattle Singing Accuracy Protocol (SSAP) is a set of 
standardized tasks designed to measure singing accuracy 
and component skills 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 researchers to compare findings across 
studies and develop and database of singing 
performance across populations of different ages and 
skill levels. Our goal is to make the measure available to 
any scholars interested in studying singing accuracy and 
its development.  This presentation will provide a brief 
demonstration of the measure and focus on 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 input, accurate real-time acoustic signal 
analysis, and a user-friendly interface. We will share an 
analytical comparison of how well the automated 
acoustic analysis mimics human judgments of accuracy 
for both pattern matching and a cappella singing. We will 
also offer a descriptive analysis of preliminary data 
collected from the general public since the beta version 
went live in November of 2015 to see who is choosing to 
participate and what kind of picture we are getting of 
singing accuracy in the general population.   
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Seacliff A-C - 16:00  
 
Cognitive Musicology 3 

 
TH1:Extracting the Musical Schemas of Traditional Japanese Folk Songs from the Kyushu District 
Akihiro Kawase*, Doshisha University 

 
TH2:An Investigation on the Perception of Chinese Folk Song Style 
Cong Jiang*, Capital Normal University 

 
TH3:reNotate: The Crowdsourcing and Gamification of Symbolic Music Encoding 
David Baker*, Louisiana State University; Daniel Shanahan, Louisiana State University; Ben Taylor, ; 
Matthew Wolff, ; Jesse Allison,  

 
TH4:In the Blink of an Ear: A Critical Review of Very Short Musical Elements (Plinks) 
Felix Thiesen*, Hanover Music Lab, Hanover Uni; ReinhardKopiez, Hanover Music Lab, Hanover 
University of Music, Drama and Media 

 
TH5:The use of prototype theory for understanding the perception and concept formation of musical 
styles 
Florian Hantschel*, Justus-Liebig-Universität; Claudia Bullerjahn, Justus-Liebig-University Giessen 

 
TH6:Exploring circadian patterns in musical imagery 
Freya Bailes*, University of Leeds 

 
TH7:Musical factors influencing tempo determination 
Leigh VanHandel*, Michigan State University 

 
TH8:Relative salience in polyphonic music 
Marco Bussi*, Università di Pavia; Sarah Sauve, Queen Mary University of Londo; Marcus Pearce, 
Queen Mary University of London 
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TH9:Reading Pitches at the Piano: Disentangling the Difficulties. 
Marion Wood*, WilhelmsWestf. Universität 

 
TH10:A Machine-Learned Model of Perceived Musical Affect 
Tess Dula, University of Mary Hardin-Bayl; Paul Griesemer*, University of Mary Hardin-Baylor; Joshua 
Albrecht, University of Mary Hardin-Baylor 

 

Music & Movement 3 

 
TH11:Bobbing, Weaving, and Gyrating: Musician’s Sway Reflects Musical Structure  
Alexander  Demos*, University of Illinois; Roger Chaffin, University of Connecticut; Topher Logan, 
University of Connecticut 

 
TH12:Short latency effects of auditory frequency change on human motor behavior 
Amos Boasson*, Hebrew University, Jerusalem 

 
TH13:The Wave Transformation: A method for analyzing spontaneous coordination from discretely 
generated data 
Benjamin Schultz*, Maastricht University; Alexander Demos, University of Illinois in Chicago; Michael 
Schutz,  

 
TH14:Hearing the Gesture: Perception of Body Actions in Romantic Piano Performances 
Catherine Massie-Laberge*, McGill University; Isabelle Cossette, McGill University; Marcelo Wanderley,  

 
TH15:Participant Attitudes toward Dalcroze Eurhythmics as a Community Fall Prevention Program in 
Older Adults 
Hyun Gu Kang*, California State University Sa; Rodney Beaulieu, ; Shoko Hino, ; Lisa Brandt, ; Julius 
Saidro,  

 
TH16:Evaluating the Audience’s Perception of Real-time Gestural Control and Mapping Mechanisms 
in Electroacoustic Vocal Performance  
Jiayue  Wu*, UC Santa Barbara; Matthew Wright, Stanford/CCRMA 
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TH17:Walking to music: How instructions to synchronize alter gait in good and poor beat perceivers 
Lucy McGarry*, University of Western Ontario; Emily Ready, University of Western Ontario; 
CriciaRinchon, University of Western Ontario; Jeff Holmes, University of Western Ontario; Jessica Grahn, 
University of Western Ontario 

 
TH18:A comparison of three interaction measures that examine dyadic entrainment 
Marc Thompson*, University of Jyväskylä; Birgitta Burger, University of Jyväskylä; Petri Toiviainen, 
University of Jyväskylä 

 
TH19:Eye movements while listening to various types of music 
Marek Franěk*, University of Hradec Králové; Denis Šefara, University of Hradec Králové; Roman 
Mlejnek, The Prague Conservatoire 

 
TH20:Periodic Body Motions as Underlying Pulse in Norwegian Telespringar 
Mari Haugen*, University of Oslo 

 
TH21:Bouncing synchronization to vibrotactile music in hearing and early deaf people 
Pauline Tranchant*, University of Montreal; Martha Shiell, ; Marcello Giordano, ; Alexis Nadeau, ; 
Isabelle Peretz, ; Marcelo Wanderley, ; Robert Zatorre,  

 
TH22:Conducting – an Intuitive Gestural Language?  Exploring the Actual Impact of Conducting 
Gestures. 
Sarah Platte*, MIT Media Lab; Morten Schuldt-Jensen, University of Music, Freiburg, Germany 

 
TH23:Dyadic improvisation and mirroring of finger movements 
TommiHimberg*, Aalto University; MaijaNiinisalo, Aalto University; RiittaHari, Aalto University 

 
TH24:Let’s dance: Examining the differences in beat perception and production between musicians 
and dancers using motion capture 
Tram Nguyen*, University of Western Ontario; Jessica Grahn, University of Western Ontario 
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Music & Neuroscience 3 
 

TH25:Utilizing multisensory integration to improve psychoacoustic alarm design in the intensive care 
unit 
Joseph Schlesinger*, Vanderbilt Univ. Med. Ctr. 

 
TH26:Examining Error Processing in Musical Joint Action 
Anita Paas*, The MARCS Institute; Giacomo Novembre, The MARCS Institute; Claudia Lappe, University 
of Münster; Kate Stevens, The MARCS Institute; Peter Keller, Western Sydney University 

 
TH27:Perceived groove and neuronal entrainment to the beat 
Gabriel Nespoli*, Ryerson University; Frank Russo, Ryerson University 

 
TH28:Validation and psychometric features of a music perception battery for children from five to 
eleven years old: evidences of construct validity and m-factor’s reliability.  
Hugo Cogo-Moreira*, Federal University of São Paulo 

 
TH29:Musical EMDR: music, arousal and emotional processing in EEG 
MarijnCoers, Leiden University; Daniel  Myles, Leiden University; Joyce de Bruin, Leiden University; 
Rebecca Schaefer*, Leiden University 

 
TH30:The Influence of Activating Versus Relaxing Music on Repetitive Finger Movement and 
Associated Motor Cortical Activity  
Patricia Izbicki*, Iowa State University ; Paul Hibbing, ; Brandon  Klinedinst, ; Alison Brinkman, ; Dr. 
Elizabeth Stegemöller , Iowa State University  

 
TH31:Neural activations of metaphor use in music performance 
Rebecca Schaefer*, Leiden University; Maansi Desai, University of California, Santa Barbara; Deborah 
Barany, University of California, Santa Barbara; Scott Grafton, University of California, Santa Barbara 

 
TH32:Audio-visual mismatch negativity during musical score reading in musicians 
Shu-Yu Lin, CCRMA, Stanford University; Takako Fujioka*, Stanford University 
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TH33:Auditory-motor processing in neural oscillatory beta-band network after music training in 
healthy older adults 
Takako Fujioka*, Stanford University; Bernhard Ross, Rotman Research Institute 

 
TH34:Mechanical Timing Enhances Sensory Processing Whereas Expressive Timing Enhances Later 
Cognitive Processing 
Takayuki Nakata*, Future University Hakodate; Laurel Trainor, McMaster University 

 
TH35:Music-induced positive mood broadens the scope of auditory selective attention 
VesaPutkinen*, University of Jyväskylä; TommiMakkonen, Cognitive Brain Research Unit, University of 
Helsinki, Helsinki, Finland; TuomasEerola, Durham University 

 
TH36:Auditory Deficits Compensated for by Visual Information: Evidence from Congenital Amusia 
XUEJING LU*, Macquarie University; HaoHo, ; Yanan Sun, ; Blake Johnson, ; William Thompson,  

 

Music Perception & Cognition Across Species 3 

 
TH37:An empirical study of dogs howling to music 
Justin Yuan, Department of Psychiatry, University of California, San Francisco; Jason Rosenberg, Center 
for New Music; Aniruddh Patel*, Tufts University 

 

Music Therapy 3 

 
TH38:Benefits of Voice Therapy and Song Singing Group for People with ILD Merrill Tanner PhD1, 
MeenaKalluri MD2 and Janice Richman-Eisenstat MD2 1Glenrose Rehabilitation Hospital, 2University 
of Alberta, Edmonton Alberta, Canada 
Merrill Tanner*, Glenrose Rehabilitation Hospit; MeenaKaluri, University of Alberta Hospital; Janice 
Richman-Eisenstat, University of Alberta Hospital 

 
TH39:The Use of Therapeutic Singing Program to Enhance Vocal Quality and Alleviate Depression of 
Parkinson’s Disease: Case series 
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EUNYOUNG HAN*, EWHA WOMANS UNIVERSITY; Ji Young YUN, EwhaWomans University Mokdong 
Hospital; Kyoung-Gyu Choi, EwhaWomans University Mokdong Hospital; Hyun Ju  CHONG, EWHA 
WOMANS UNIVERSITY 

 
TH40:The Therapeutic Function of Music for Musical Contour Regulation Facilitation: A model to 
facilitate emotion regulation development in preschool-aged children 
Kimberly Sena Moore*, University of Miami; Deanna Hanson-Abromeit, University of Kansas 

 
TH41:Representing change in patterns of interaction of children with communication difficulties in 
music therapy: what do the therapists think? 
Neta Spiro*, Nordoff Robbins; Camilla Farrant, Nordoff Robbins; TommiHimberg, Aalto University 

 

Musical Development 3 

 
TH42:A two-year longitudinal investigation comparing pitch discrimination and pitch matching skills 
of young children  
Debbie Lynn Wolf*, Cairn University 

 
TH43:How Masculine Is a Flute? A Replication Study on Gender Stereotypes and Preferences for 
Musical Instruments among Young Children 
Claudia Bullerjahn*, Justus-Liebig-University Giessen; Katharina Heller, Justus-Liebig-University Giessen; 
Jan Hoffmann, Justus-Liebig-University Giessen 

 
TH44:The importance of musical context on the social effects of interpersonal synchrony in infants 
Laura Cirelli*, McMaster University; Stephanie Wan, ; Christina Spinelli, ; Laurel Trainor, McMaster 
University 

 
TH45:Melody familiarity facilitates music processing in 4-5-year-olds 
Sarah Creel*, UC San Diego 
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Musical Timbre 3 

 
TH46:Effects of dark and bright timbral instructions on acoustical and perceptual measures of 
trumpet performance 
D. Gregory Springer*, University of South Carolina; Amanda Schlegel, Uof Southern MIssissippi 

 
TH47:Listeners rapidly adapt to musical timbre 
Elise Piazza*, Princeton University; Frederic Theunissen, University of California, Berkeley; David Wessel, 
University of California, Berkeley; David Whitney, University of California, Berkeley 

TH48: All about that bass: Timbre and groove perception in synthesized bass lines 

Ivan Tan;Ethan Lustig (Eastman School of Music);  

 

Pitch & Tonal Perception 3 

 
TH49:Statistical learning of novel musical material: Evidence from an experiment using a modified 
probe tone profile paradigm and a discrimination task 
Anja Cui*, Queen's University; CharletteDiercks, ; NikolausTroje, ; Lola Cuddy,  

 
TH50:Robust training effects in congenital amusia 
Kelly Whiteford*, University of Minnesota; Andrew Oxenham, University of Minnesota 

 
TH51:Listeners’ perception of rock chords: Further evidence for a more inclusive harmonic hierarchy 
Lincoln Craton*, Stonehill College; Peter Krahe, Stonehill College; Gina Micucci, Stonehill College; 
Brittany Burkins, Stonehill College 

 
TH52:Comparative judgements of two successive pitch intervals 
Makiko Sadakata*, University of Amsterdam; MaartjeKoning, ; KengoOhgushi, Kyoto City University of 
Arts 

 
TH53:The influence of diatonicity, tone order, and composition context on perception of similarity: An 
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experiment and replication 
Mark Shevy*, Northern Michigan University; Douglas McLeod, University of Wisconsin; Stephen 
Dembski, University of Wisconsin 

 
TH54:The Alberti Figure Visualized Challenges the Stability of Tonicity 
Nancy Garniez*, Mannes College 

 
TH55:Understanding Modulations Through Harmonic Priming  
Olivia Podolak*, University of Toronto; Mark Schmuckler, University of Toronto Scarborough 

 
TH56:The use of combined cognitive strategies to solve more successfully musical dictation 
Ruth Cruz de Menezes*, Laval University; Maria Teresa Moreno Sala, Laval University; MatthieuGuitton, 
Laval University 

 
TH57:“Looseness” in musical scales: Interplay of style and instrument 
RytisAmbrazevičius*, Kaunas University of Technolog 

 

Rhythm, Meter & Timing 3 

 
TH58:Exploring rhythmic synchronization abilities in musicians using training-specific movements  
Anna Siminoski*, McMaster University; Fiona Manning, McMaster University; Michael Schutz,  

 
TH59:Motor system excitability fluctuations during rhythm and beat perception 
Daniel Cameron*, University of Western Ontario; Jana Celina Everling, University of Western Ontario; 
Tzu-Ching Chiang, University of Western Ontario; Jessica Grahn, University of Western Ontario 

 
TH60:Does anticipating a tempo change systematically modulate EEG beta-band power? 
Emily Graber*, Stanford University; Takako Fujioka, Stanford University 

 
TH61:An EEG Examination of Neural Entrainment and Action Simulation During Rhythm Perception 
Jessica Ross*, UC Merced; John Iversen, University of California, San Diego; Scott Makeig, University of 
California, San Diego; Ramesh Balasubramaniam, University of California, Merced 
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TH62: The BEAT test: training fundamental temporal perceptual motor skills 
John Iversen, University of California, San Diego; Joel Aftreth*, SCCN of UCSD; Scott Makeig, University 
of California, San Diego 

 
TH63:Detrended cross-correlation analysis reveals long-range synchronization in paired tempo 
keeping task 
Masahiro Okano*, Department of Life Sciences, The University of Tokyo; Masahiro Shinya, Department 
of Life Sciences, The University of Tokyo; KazutoshiKudo, Department of Life Sciences, The University of 
Tokyo 

 
TH64:Eye movement synchronization to visual rhythms in infants and adults 
Melissa Brandon*, Bridgewater State University; Sarah Hackett, Bridgewater State University; Jessica 
Gagne, Bridgewater State University; Allison Fay, Bridgewater State University 
 

TH65:Quantifying synchronization in musical duo improvisation: Application of n:m phase locking 
analysis to motion capture data 

Shinya Fujii*, The University of Tokyo; Masaya Hirashima, ; Hama Watanabe, ; Yoshihiko Nakamura, ; 
Gentaro Taga,  

TH66: Spared motor synchronization to the beat of music in the presence of poor beat perception 

Valentin BEGEL*, Montpellier University; Charles-Etienne  Benoit, ; Angel Correa, ; Diana Cutanda, ; 
Sonja Kotz, Maastricht University; Simone Dalla Bella, Montpellier university 
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FRIDAY
Music & Movement 3 
Session Chair: Roger Chaffin 
 
Bayview A - 08:30  
 
The loss and regain of coordinated 
behavior in musical duos 
Andrea Schiavio*, The Ohio State University; 
Ashley Walton, University of Cincinnati; 
Matthew Rodger, Queen’s University Belfast; 
Johanna Devaney, The Ohio State University 
Traditionally, participatory musical behavior has been 
explored through what seems to be an individualist 
perspective, which considers the single agent as the main 
explanatory unit of the interaction. This view, however, 
may downplay the role of real-time interactions, 
reducing joint action to a stimulus-response schema. Our 
aim, then, is to go beyond such spectatorial stance, 
investigating how musicians maintain structural unity 
through a mutually influencing network of dynamical 
processes. For example, is visual information needed in 
order to achieve coordination among musicians? What 
kind of coupling is necessary to keep playing together 
when the auditory signal is perturbed externally? In 
order to answer such questions, we will recruit 6 pairs of 
string players divided into 2 groups (by level of expertise) 
of 3 pairs each. The participants, wearing noise-
cancelling headphones, will be firstly asked to play 2 
pieces individually (taken from Bartok’s 44 Duos). After 
this, they will perform together in 3 main conditions, 
designed to test how auditory perturbations may shape 
coordination when partners are differently ‘present’ to 

each other. Conditions involve subjects being (A) 
naturally placed one in front of the other, (B) able to see 
each other only partially, and (C) unable to see each 
other. For all conditions 2 different playing modalities 
will be investigated: (i) without disturbance, and (ii) with 
brief, unpredictable, audio disturbance (white noise) in 
both performers. To investigate interactive behavior, 
audio and motion-capture data will be extracted, 
measured, and compared within and between groups 
during individual and joint performance. Features to be 
examined include zero-crossing rate, amplitude and 
duration variables for each movement, and onset 
synchronicity in the audio signal. We predict significant 
differences in interacting behavior related to musical 
expertise, condition, and manipulation.  

 
Bayview A - 09:00  
 
Impact of event density and tempo 
on synchronization ability in 
music-induced movement 
Birgitta Burger*, University of Jyväskylä; Justin 
London, Carleton College; Marc Thompson, 
University of Jyväskylä; Petri Toiviainen, 
University of Jyväskylä 
While most rhythm synchronization studies have focused 
on finger tapping and stimulus tempo, full-body 
movements to music can reveal more complex 
relationships between rhythmic structure and 
sensorimotor behavior. This study expands on the role of 
low-frequency spectral flux on synchronization in 
movement responses to music. The amount of spectral 
flux in low frequency bands, manifesting in beat-related 
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event density, has previously been found to influence 
music-induced movement; here, its influence on full-
body movement synchronization is examined. Thirty 
participants were recorded using optical motion capture 
while moving to excerpts from six Motown songs (105, 
115, 130 bpm), three of which containing low and three 
high spectral flux. Each excerpt was presented twice with 
a tempo difference of ±5% bpm. Participants were asked 
to dance freely to the stimuli. Synchronization (phase 
locking) indexes were determined for the hip, head, 
hands, and feet, concentrating on vertical acceleration 
relative to beat-level periods of the music, and sideways 
acceleration relative to bar-level periods. On the beat 
level, significant differences were found between high 
and low flux excerpts, with tighter synchronization of hip 
and feet to the high flux stimuli. Synchronization was 
better with the slowed-down stimuli, and decreased in 
particular for the low flux sped-up excerpts. On the bar 
level, significant differences between high and low flux 
excerpts were also found, but with tighter 
synchronization of head and hands to the low flux 
stimuli. Moreover, synchronization ability decreased for 
the sped-up excerpts. These results suggest a connection 
between event density/spectral flux and phase-locking 
abilities to music, with an interaction between metrical 
levels present in the music, spectral flux, and the part(s) 
of the body being synchronized. 

 
Bayview A - 09:30  
 
Embodied decision-making in 
improvisation: the influence of 
perceptual-motor priming 
Eric Clarke*, ; Adam Linson, University of 
Edinburgh 
An adequate account of musical improvisation must 
involve perceptual, cognitive and motor functions. But 
traditional music perception and cognition research has 
tended to take too little account of action. In this paper 
we argue for the importance of perception-action 
coupling in improvisation.  We report a study using a 
novel priming method to investigate the impact of motor 
‘shaping’ on musicians’ improvised continuations from an 

ambiguous starting point.  Trained musicians played 
three games with a Disklavier piano. In Game 1 they were 
presented with a short extract of starting music played 
by the piano. This material could be interpreted as either 
a sequence of 2nds or 7ths. Participants were instructed 
to improvise, based on these starting events. In Game 2 
they were told to ‘shadow’ whatever the piano played as 
quickly as possible. On completion of Game 2, 
participants played Game 3, which was identical to Game 
1. The critical independent variable was two versions of 
Game 2: for half of the participants Game 2 consisted of 
dyads over the range of the keyboard that were all 2nds; 
for the other half of the participants Game 2 consisted of 
dyads that were all 7ths. The dependent variable was the 
change in the distribution of  ‘spread’ (like 7ths) and 
‘clustered’ (like 2nds) intervals in participants’ Game 3 
playing by comparison with Game 1.  Preliminary analysis 
indicates a clear effect of the two different versions of 
Game 2, with participants exposed to the 7ths version of 
Game 2 showing an increase in the proportion of ‘spread’ 
intervals in Game 3 by comparison to Game 1; and 
participants who were exposed to the 2nds version of 
Game 2 showing an increase in the proportion of 
‘clustered’ intervals in Game 3 by comparison to Game 1. 
These results indicate the significant impact of motor 
priming on improvised musical performance, and we 
make the case for recognising the impact of motor 
behaviour on decision-making in musical improvisation.  
 
 

Musical Timbre 1 
Session Chair: Jason Noble 
 
Bayview B - 08:30  
 
Developing orchestration theory 
from an empirical analysis method 
Meghan Goodchild*, McGill University; Stephen 
McAdams, McGill University, CIRMMT 
Orchestration theory has not attained the depth or 
precision compared to other musical fields, and would 
benefit from perceptual grounding. Analyses of scores 
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and treatises reveal that many orchestration aims are 
related to auditory grouping principles, which determine 
auditory fusion of musical events, the integration of 
coherent streams of events, and chunking into 
perceptual units. These grouping processes are 
implicated in orchestral devices related to timbral blend 
or heterogeneity, segregation or stratification of layers, 
and orchestral contrasts, such as antiphonal exchanges. 
We developed an empirical analysis method to study 
orchestral devices in a corpus of orchestral pieces. From 
a team of researchers, two analyzed each movement: 
after analyzing the movement individually, they 
compared analyses and developed a joint analysis, which 
consisted of an annotated score and a spreadsheet that 
catalogued various details about each instance of the 
orchestral devices. These data include the span of 
measures in which the device is found, the timing of the 
recording(s), the instrumentation, and the perceived 
strength of the effect. A large-scale relational database 
was created, recording over 3000 orchestral devices from 
over 70 orchestral movements drawn from the classical 
period to the early 20th-century. Data mining techniques 
of pattern recognition will be used to explore the 
catalogued data in order to reveal associations among 
various instruments and their combinations within 
various orchestral devices. Additionally, trend and 
evolution analysis will be used to study how the patterns 
evolve over time. This approach will quantify the extent 
to which instrument combinations described in textbooks 
occur and also potentially uncover unknown 
combinations or unique instances by certain composers, 
as well as the contexts in which these devices occur. The 
aim is to contribute to the development of a theory of 
orchestration based on empirical analysis of the 
repertoire. 

 
Bayview B - 09:00  
 
Factors influencing instrument 
blend in orchestral excerpts 
Stephen McAdams*, McGill University, 
CIRMMT; Pierre Gianferrara, McGill University; 
Kit Soden, McGill University, CIRMMT; Meghan 

Goodchild, McGill University 
Most research on the blending of musical timbres has 
studied isolated sounds, rather than musical excerpts. 
We sought to understand the relative roles of the 
number of instruments, the diversity of their 
combinations within and across instrument families, the 
intervals employed, pitch register, and the presence of 
semblant motion on blend perception in orchestral 
music. A sample of  56 excerpts representing different 
combinations of the above factors were selected from 
the analysis of over 70 movements of the orchestral 
repertory from the early classical period to the early 20th 
century. The excerpts were also chosen to cover a range 
of strengths of blend from weak to strong. High-quality 
interpretations of these excerpts were created using the 
OrchSim system developed at McGill to mimic specific 
commercial recordings. From these renderings, only the 
groups of instruments involved in a given blend were 
extracted and rendered to stereo sound files, thus 
initially testing the blending instruments outside of their 
surrounding musical context, but rendered within that 
context. Listeners rated the degree of blend of each 
excerpt on a scale from unity to multiplicity, with the 
scale ends representing the strongest blend and no 
blend, respectively. The data will be analyzed with 
regression techniques to explain the blend ratings as a 
function of the factors listed above, with the aim of 
developing a model of blend perception that can be used 
for music information research and for computer-aided 
orchestration systems, as well for pedagogical 
applications in music theory, composition, and 
performance technique. 

 
Bayview B - 09:30  
 
Contradictions in the Perception of 
Organ Stop Voxhumana: from a 
Bear’s Roar to the Human Voice. 
An Analysis and Comparison of 
Verbal Meaning and Sound 
Production  
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GirenasPovilionis*, Centre for the Organ 
Heritage; Rima Povilioniene, Kaunas Technology 
University 
Verbal naming of certain music timbres is considered to 
be a highly inventive aspect in the terminology of pipe 
organ stops. Most titles match the produced sound of 
stops, e.g. Flute, Violina, Gamba, Posaune, Trompete. 
Though some eloquent expressions (such as Voxhumana, 
Vox Angelica, Undamaris), their etymology and 
attribution to certain organ sounds present a 
contradictory centuries-long process.  

The paper focuses on Voxhumana (Lat. human voice), 
one of the oldest reed stops with short resonators, of 
Regal type. Its subtle manufacture and intonation is a 
proof of organ builder’s excellence; there are 
distinguished over 10 shapes of complex mensures that 
differ even in the frame of the same organ building 
school or master. Moreover, the history of stop naming 
displays an intriguing conflict of verbal and sound 
perception. The origin of title goes back to the beginning 
of 16th c. France, where VoixHumaine was used 
alongside with Jeud’enfants, voice of a child. Eventually 
organ builders in European countries adapted their 
versions: Voz Humana(-e) (used in Spanish organs), Voce 
Umana (Italy), Anthropoglossa, Menschenstimme or 
witty Bärpfeife (bear pipe) in Germany. However, the 
thin and nasal Voxhumana tone resembles anything 
human, but the ‘bleating of a nannygoat’ or ‘the cracked 
voice of an old woman of ninety’ (Charles Burney). The 
disagreement between verbal meaning and the produced 
sound is studied using historical analysis of stop 
terminology, comparison of different pipe 
constructions/sound examples, discussing the reasons 
that influenced the naming of the stop (shapes of 
resonators, combinations of stops etc.). The report 
presents some rare authentic examples: Voxhumana in 
Kretinga Franciscan church (unknown master, end of 
17th c.), Vilnius church of the Holy Spirit (Adam 
GottlobCasparini/1776) and Tytuvėnai church (Nicolaus 
Jantzon/1789) in Lithuania; in Pasłęk/Poland (Andreas 
Hildebrandt/1719); in Weingarten/Germany (Joseph 
Gabler, 1737–50) etc. 

 
Bayview B - 10:00  
 
The effect of timbre differences on 
pitch interval identification in 
musically trained listeners 
Sarah Gates *, Northwestern University; 
Stephen McAdams, McGill University, CIRMMT; 
Bennett Smith, McGill University 
Changes in timbre (namely spectral centroid) can affect 
subjective judgments of the size of pitch intervals. We 
investigated the effect of timbre change on musicians’ 
ability to identify melodic intervals in order to observe 
whether poorly identified pitch intervals are more 
susceptible to interference with timbre. Musicians (n=39) 
identified all melodic intervals within the octave in 
ascending and descending directions using traditional 
labels (e.g., “perfect fifth”) in two timbre conditions: (1) 
timbre-neutral (piano only) and (2) timbre-change (3 
timbre pairs). The pairs were chosen from a timbre 
dissimilarity experiment (n=19) using multidimensional 
scaling in order to determine the perceptual dimensions 
along which timbre change occurred. The pairs chosen 
were marimba—violin (spectral centroid), French horn—
piano (temporal envelope), and bass clarinet—muted 
trumpet (amplitude modulation). In a speeded interval-
identification task, musicians’ vocal identifications of 
melodic intervals were analyzed in terms of accuracy and 
response time. A repeated-measures ANOVA showed a 
main effect of timbre on accuracy scores, indicating that 
the marimba—violin pair had the lowest scores overall. 
Timbre pair also affected the type of errors in incorrect 
trials. Root-mean-squared errors calculated from 
confusion matrices revealed an increase in the spread of 
errors for timbre-change conditions (the largest being 
the marimba—violin pair) compared to the timbre-
neutral condition. The response-time analysis showed a 
significant main effect of timbre demonstrating that both 
the fastest (French horn—piano) and slowest 
(marimba—violin) response times were within the 
timbre-change condition. The results indicate that 
timbre-change along differing dimensions can affect the 
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categorical identification of pitch intervals. The lack of 
systematic interaction between timbre pair, interval and 
direction suggests that this effect may not be limited to 
poorly identified melodic intervals. 
 
 

Aesthetic Perception & 
Response 2 
Session Chair: Andrea Halpern 
 
Marina - 08:30  
 
Narrative Experiences of 
Instrumental Pop Music 
Elizabeth  Margulis*, University of Arkansas 
Despite colloquial accounts of hearing stories while 
listening to music, little empirical work has investigated 
this form of engagement. A series of studies in our lab 
examined the factors that contribute to narrative 
hearings of orchestral excerpts. Some people, however, 
tend to encounter orchestral music almost exclusively in 
the context of film. Therefore, we designed new studies 
that use instrumental excerpts from pop music as stimuli. 
People tend to hear this kind of music in a wider variety 
of circumstances, making it less exclusively reliant on 
cinematic associations. By comparing results, we can 
understand more about the relationship between 
enculturation and narrative listening.  50 participants 
heard 90s instrumental pop excerpts that either did or 
did not feature noticeable contrast (as identified by a 
preliminary study), pursuing the hypothesis that people 
resort to narrative to make sense of music featuring 
significant contrast (cf. Almen, 2008). After listening to 
each excerpt, participants completed the Narrative 
Engagement Scale for Music (NESM), adapted from 
Busselle&Bilandzic (2009), and responded to a number of 
other questions about their listening experience. At the 
end of the experiment, participants completed several 
measures including the Absorption in Music Scale 
(Sandstrom& Russo, 2013).  As in the studies that used 
classical excerpts, results showed a higher tendency to 

narrativize music that featured contrast. Also similar to 
previous studies, there was a surprising amount of 
convergence in free response descriptions of the 
narratives, with topical overlap that sometimes 
surpassed 80%. Contrastingly, however, the content of 
the free response descriptions provided in response to 
the pop excerpts differed in intriguing ways from those 
provided in response to the classical excerpts. The last 
part of the talk explores these differences and outlines 
an agenda for further work on the widespread behavior 
of narrative listening.    

 
Marina - 09:00  
 
Personality Heard in Music 
ErkkiHuovinen*, University of Jyväskylä 
Following composers’ attempts to depict human 
characteristics in music, many musical theorists have 
suggested that music might be appreciated by the 
listener in terms of hearing human agency or “personae” 
in it. Despite the persistence of such ideas, there is a lack 
of empirical research in the personification of heard 
music. This study addresses two questions: (1) Can 
listeners’ extramusical response to music reproduce the 
dimensions of human personality, as given by the Five-
Factor Model, and (2) Is this dependent on listeners’ 
cultural familiarity with the music? In preparation for the 
study, 38 Finnish music students selected their favorite 
pieces of instrumental music and judged each others’ 
selections on 6 “mood variables” and 6 “human 
variables”, helping to define a set of 10 excerpts meant 
to represent qualitative extremes in the participants’ 
musical world. In Experiment 1, the same students first 
listened to these excerpts, imagining and writing down 
scripts for associated movie scenes involving a central 
protagonist. On another round of listenings, they were 
asked to carry out (“Short Five”) personality tests 
concerning the imagined protagonists. A factor analysis 
of the results revealed five factors which nevertheless 
failed to match the traits of the Five-Factor Model. 
Instead, ingredients from several of the classical 
personality traits coalesced into factors called 
“goodness,” “heroism,” and “weakness.” In Experiment 
2, the same procedure, with the same music, was 
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repeated with 37 South African music students. 
Somewhat surprisingly, the listeners’ judgments now 
quite exactly reproduced the traits of the Five-Factor 
Model. To conclude, associative features related to 
human personality seem to be widely available as tools 
for the appreciation of even unfamiliar music, but 
cultural knowledge may further bias such associations in 
terms of culturally established stereotypes. 

 
Marina - 09:30  
 
Effects of Range and Repetition on 
Liking for Melodies 
David Temperley*, Eastman School of Music; 
Amanda Yung, University of Rochester; Celeste 
Kidd, University of Rochester 
Donald Berlyne has suggested that aesthetic experience 
is optimal when stimuli have a moderate level of 
complexity. This has been tested with real, uncontrolled 
pieces of music, but never with controlled experimental 
stimuli. In this experiment we investigate the effect of 
two factors on musical liking: range and repetition. Our 
hypothesis is that melodies that are more difficult to 
encode will seem more complex. Encoding should be 
inhibited by a large melodic range (since this creates 
large melodic intervals, which are low in probability) and 
variability, i.e., lack of repetition (since repetition allows 
a more parsimonious encoding of the melody).  Melodies 
were generated by a stochastic process that chooses 
pitches from a uniform distribution over a defined range. 
All melodies were 49 notes long and entirely within the C 
major scale. There were three levels of range: small (2 
notes), medium (6 notes), and large (29 notes).  With 
regard to variability there were also three levels: in low-
variability melodies, each four-note group simply 
repeated the first (randomly generated) four-note group; 
in medium-variability melodies, each even-numbered 
four-note group repeated the previous odd-numbered 
group; and high-variability melodies contained no 
repetition (except that arising by chance). All 
combinations of range and variability were used. It was 
predicted that melodies of medium range and variability 
would obtain the highest ratings, and that there would 

be an interaction between range and variability such that 
high-variability melodies were liked more when the 
range was smaller.   Subjects (musicians and 
nonmusicians) heard the melodies and indicated their 
liking for them on a Likert scale. As predicted, in both the 
range and variability factors, the medium level was 
significantly preferred over the low and high levels. 
However, there was no significant interaction. 
Implications will be discussed with regard to liking for 
melodies and melodic encoding.  

 
Marina - 10:00  
 
Musical Persuasion: A Review of 
Music and Marketing Research 
Bradley Vines*, Nielsen Consumer Neuroscience 
1. Background Music holds a valued place in the 
marketer’s toolset for persuasion, whether in the form of 
jingles, sonic branding, or background music in stores or 
in TV ads. Like the application of music in medicine and in 
education, music in marketing provides a real-world test 
case for investigating the effects of music on the mind 
and brain. Though there have been a number of studies 
investigating music in marketing over the last decades, 
the most recent review of research on this topic was 
published in 1990 (Bruner). We are overdue for a fresh 
look at this area that also takes into account advances in 
basic research on music.  2. Aims and Method This paper 
develops a contemporary review of research on music 
and marketing, informed by the psychology and 
neuroscience of music. The method involves a literature 
review of marketing journals as well as scientific journals 
featuring studies of the potential for music to influence 
behavior (e.g., purchase decisions).  3. Results There are 
three primary veins of research that have developed. 
First, studies show that music has a significant impact on 
consumers in stores. The choice of music relative to the 
products on sale, the style of music, its tempo, 
familiarity, and even volume influence how consumers 
move through the store, as well as what and how much 
they purchase. Second, the music that accompanies TV 
advertising impacts not only the interpretation of the 
storyline in ads, but also the propensity for ads to drive 



ICMPC14 : JULY 5-9, 2016, SAN FRANSISCO, CA FRIDAY 

 

138  

 

behavior change. Third, by means of its influence on 
mood, music can alter decision-making and interact with 
the experience of other senses to color the overall 
experience of products.  4. Conclusion Applied research 
on the impact of music in marketing opens new avenues 
of inquiry into multisensory integration and broadens our 
understanding of the effects of music. 
 
 

Music Performance 4 
Session Chair: Kyung Myun Lee 
 
Seacliff D - 08:30  
 
A classical cello-piano duo's shared 
understanding with their audience 
and with each other 
Neta Spiro*, Nordoff Robbins; Michael Schober, 
New School for Social Research 
To what extent do a pianist and cellist understand what 
just happened in their live duo performance in the same 
way as each other, and in the same way as their audience 
members do? In previous case studies on jazz standard 
improvisation and free jazz improvisation, performers did 
not fully agree with their partner's characterizations of 
what occurred in the improvisations, and they could 
agree with an expert outsider's characterizations more 
than they agreed with their partner. Can this pattern also 
be observed in classical chamber performance? In the 
current study, a cello-piano duo performed Schumann’s 
Fantasiestücke Op. 73 no. 1 once for the other 12 
members of their conservatory studio class, which 
included another duo who were prepared to play the 
same piece that day. Immediately afterwards, the 
listeners and players individually wrote the top three 
things that had struck them about the performance. 
Then, listening to the recording on personal devices, they 
marked on scores and wrote about three moments that 
struck them as most worthy of comment. After all had 
finished, the response sheets were redistributed for each 
participant to rate their agreement (on a 5-point scale) 

with, and comment on, another participant's 
characterizations. Following this, there was a second 
redistribution for agreement ratings with one other 
participant’s characterizations. Results showed that the 
performers did not select any of the same moments in 
the piece as worthy of comment and that they agreed 
with less than half of their performing partners’ 
statements; this was markedly less than they agreed with 
statements by the listeners who were prepared to play 
and markedly less than the other listeners’ agreement 
with each others’ statements. Even some agreements 
included comments demonstrating that the agreement 
was qualified. As we have seen in other genres, 
performers’ understanding of what happened is not 
necessarily privileged relative to outsiders’ 
understanding. 

 
Seacliff D - 09:00  
 
The role of string register in 
affective performance choices 
Caitlyn Trevor*, Ohio State University; David 
Huron, Ohio State University 
When aiming to increase emotional intensity, advanced 
string performers typically prefer playing a passage using 
a high position on a low string rather than playing the 
same pitches using a low position on a high string. 
Research in emotional speech offers a possible 
explanation for this practice. For both strongly negative 
and positive emotions, people tend to speak higher in 
their vocal range. Accordingly, utterances at the identical 
pitch level will sound more emotional if the speaker is 
perceived to have a lower tessitura than a higher 
tessitura voice. We theorized that the practice of moving 
to a high position on a lower string might mimic this 
vocal emotional communication practice as a way of 
conveying higher emotional intensity. Presented here are 
two studies to test the conjectured effect. The first study 
aims to determine whether listeners can reliably 
distinguish between tones played in high and low string 
positions. Twelve sustained cello tones were recorded in 
both first position on a higher string and fifth position on 
a lower string. Participants were briefed on the playing 
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positions on a cello and given sound examples. Listeners 
were then asked to identify whether the recorded tones 
were played in first or fifth position. In the second study, 
we test the hypothesis that melodies played in fifth 
position are perceived as more emotionally intense than 
the same melodies played in first position. Six short 
melodies were recorded in both first and fifth positions. 
In a 2AFC paradigm, listeners chose which of the two 
versions of the melodies they perceived as more 
emotionally expressive. The results of this study 
demonstrate that listeners are reasonably able to 
differentiate between pitches played in low and high 
playing positions and might interpret melodies played in 
a high playing position as more expressive than those 
played in a low playing position. 
 
 

Seacliff D - 09:30  
 
Expressive Consistency and 
Creativity: A Case Study of an Elite 
Violinist 
Stacey Davis*, Univ. of Texas at San Antonio 
Expert musicians tend to exhibit precise expressive 
control, thereby allowing them to consistently execute 
their interpretative nuances across many performances 
of the same piece. However, experts are also 
distinguished by their creativity, with deliberate 
variations occurring in response to the differences in 
musical understanding and intent that occur over time. In 
addition, spontaneous creativity is affected by the 
specific circumstances of each performance.    Although 
research often seeks to identify shared expressive traits 
between performers relative to musical structure, the 
study of creativity necessitates examining individual 
performance characteristics. This project therefore uses 
a case study approach to explore the relationship 
between expressive consistency and creativity in 
performances of Bach’s solo violin works by renowned 
Baroque violinist, Rachel Podger.    Podger will give 
multiple live solo Bach performances in January 2016.  
Using Sonic Visualiser software, Podger’s use of rubato, 
dynamics, and vibrato in these performances will be 

compared with her 1999 recording. As an aid to 
interpreting these measurements, Podger will also 
participate in a semi-structured interview. She will 
comment on the reasons behind her deliberate 
expressive intentions, both those that are consistently 
executed and purposefully varied across different 
performances. She will also report on the specific 
elements that occupied her attention during each live 
performance, thus offering possible explanations for any 
spontaneously creative expressive differences.    Due to 
the fact that Podger’s participation in this study has yet 
to occur, final results and conclusions are not available. 
However, given the expertise of the participant and the 
richness of the repertoire, this study has the potential to 
yield important insights about the relationship between 
an expert performer’s interpretive consistency and 
expressive flexibility. 
 

Symposium:  
 

Cognitive Modeling of Music 2 
 
Bayview A - 11:00  

Overview: 

 
Beneath (or beyond) the surface: 
Corpus studies of tonal harmony 
David Sears*, McGill University; Claire Arthur, 
Ohio State University; John Ashley Burgoyne, 
University of Amsterdam; Christopher White, 
University of Massachusetts; Stephen 
McAdams, McGill University, CIRMMT 
All materials are attached. The lead authors on the 
session abstract will serve as discussants for the session. 

 
Bayview A - 11:00  
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‘Revolutions’ in pop music: The 
experts vs. the audio  
John Ashley Burgoyne 
Using MIR techniques on an audio corpus, Mauch et al. 
(2015) identified three moments of change in Western 
popular music style: the years 1964, 1983, and 1991. As 
yet, their claims have not been tested against human 
transcriptions of the musical material. We are seeking to 
verify and enrich these findings with the McGill Billboard 
corpus (http://billboard.music.mcgill.ca/), a collection of 
over 1000 expert transcriptions of the harmony and 
formal structure of songs from the U.S. pop charts. 
Symbolic corpus analyses are bedeviled by two common 
challenges: (1) correctly handling the sum-to-one 
constraint implicit in considering relative frequencies of 
chords within pieces, composers, or styles; and (2) 
measuring evolution smoothly over time, allowing 
inflection points to appear naturally, without introducing 
arbitrary cut-points. We converted the relative 
frequencies of chord roots and bigrams to so-called 
“balances” using the principles of compositional data 
analysis (Burgoyne et al., 2013). This approach avoids 
spurious correlations that can appear with techniques 
that ignore the sum-to-one constraint. We then 
analyzedthe evolution of these balances using time-
series analysis, rather than grouping according to fixed 
time spans. 

The data do not support a strong inflection point in 1964, 
though there is a small reduction in the usage of vi 
chords and descending minor third progressions. There is 
more support for 1983, where the use of bVII chords, 
minor keys, and stepwise progressions strongly peak. The 
corpus ends in 1991, making it impossible to verify the 
third potential inflection point. Together, these results 
are consistent with Mauch et al.'s audio findings: a small 
stylistic change in the mid-1960s, followed by smooth 
and steady evolution until a sharp break occurred in the 
early 1980s. Principal component analysis further reveals 
that the variation within harmonic vocabulary is 
substantially more complex than that of the root 
progressions themselves. 

 
Bayview A - 11:20  
 
A corpus study of tonal harmony: 
Pattern discovery using non-
contiguous n-grams 
David Sears, Stephen McAdams 
Pattern discovery is an essential task in many fields, but 
particularly so in the cognitive sciences, where a 
substantial body of evidence suggests that humans are 
more likely to learn and remember the patterns they 
encounter most often. In corpus linguistics, researchers 
often discover recurrent patterns by dividing the corpus 
into contiguous sequences of n events, called n-grams, 
and then determining the frequency of each distinct 
pattern in the corpus. And yet for stimuli demonstrating 
hierarchical structure, non-contiguous events often serve 
as focal points in the syntax. This problem is particularly 
acute for corpus studies of tonal harmony, where the 
musical surface contains considerable repetition, and 
many of the vertical sonorities from the notated score do 
not represent triads or seventh chords, thereby 
obscuring the most recurrent patterns. 

 We present an alternative approach to pattern discovery 
by also including non-contiguous n-grams, one that 
rekindles Hermann Ebbinghaus’ doctrine of remote 
associations, in which associations are strongest between 
contiguous events and become progressively weaker for 
increasingly non-contiguous events. The corpus consists 
of combinations of chromatic scale degrees measured at 
each unique onset in 50 sonata-form expositions from 
Haydn’s string quartets. To account for the decay in 
sensory or working memory resulting from the potential 
discontiguity between adjacent members of a given 
pattern, we weight the appearance of each n-gram using 
an inverse exponential function with a half-life of 1 s such 
that patterns further separated in time receive smaller 
weights in the final count. Our results demonstrate that 
for contiguous n-grams, the power-law relationship 
between frequency and rank disappears as the value of n 
increases, but this relationship returns for frequency 
tables based on non-contiguous n-grams. Moreover, the 
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most conventional harmonic progressions emerge as 
among the most frequent patterns in the corpus. 

 
Bayview A - 11:40  
 
Deriving and evaluating SPOKE, a 
set-based probabilistic key finder 
Christopher White 
When listeners attribute a key to a passage of music, 
they are cognizing pitch events as scale degrees, or 
members of a scale in some key. This task is likely 
passively learned through exposure to the statistical 
properties of tonal music, allowing a listener to infer a 
pitch’s scale degree identity based on some observable 
property. Much computational modeling of the learning 
and execution of this task has focused on pitch events, 
with the models’ parameters being derived from corpora 
and the models’ behaviors corresponding to human key 
assessments. This study presents an alternate chord-
based model that both learns its parameters from a 
corpus, and also tracks human behavior. The engineering 
behind the learning task is described, relying on 
contextual regularities and subset/superset relationships 
to produce a chordal vocabulary and syntax 
approximating those published in several music-theory 
textbooks. Three tests follow, each designed to evaluate 
the model’s relationship to human behavior. The results 
show that the chord-progression model exhibits 
precision approximating human performance and even 
outperforms certain established pitch-based key-finding 
models. 

 
Bayview A - 12:00  
 
A corpus approach to the 
classification of non-chord tones 
across genres 
Claire Arthur 
Music theorists distinguish between melodic notes that 

fulfill structural roles from notes that are considered 
elaborations or embellishments. The structural notes 
generally outline or form a part of the local harmony, 
while the embellishing notes commonly are not 
members of the immediate harmonic structure. Thus, 
non-chord tones (NCTs) are a type of embellishment that 
fit outside of the local harmonic grammar. One method 
for identifying NCTs is to first identify harmonic changes, 
then tag melody notes as either members of the 
underlying harmony (chord tones) or as NCTs.  However, 
within the classical tradition, there are compositional and 
stylistic norms for the use of melodic embellishing tones.  
As such, melodic features such as metric position, 
duration, and interval of approach and departure may 
function as identifiers of NCTs.  How much information 
about NCTs is available from these melodic features?  In 
popular music the relationship between melody and 
harmony is much freer, a phenomenon dubbed the 
melodic-harmonic divorce. How, then, might NCTs in 
popular music compare with usage in classical music?   

 Multiple corpora are used to investigate the usage and 
predictability of NCTs from purely melodic elements: A 
classical music corpus, consisting of Bach chorales, 
Theme & Variations by Mozart and Beethoven, and string 
quartets by Haydn; and a popular music corpus 
consisting of the McGill Billboard corpus with melodic 
information added.  The corpora are examined to 
compare usage of NCTs in classical versus popular music, 
as well as usage within each genre. Melodies are 
examined in isolation, and various algorithms attempt to 
classify melody notes as NCTs based on metric position, 
duration, and interval of approach and departure.  To 
compare the analyses provided by the algorithms against 
some “standard”, harmonic analyses are used as an 
alternative method for identifying NCTs. Implications for 
musical expectations and Music Information Retrieval are 
discussed. 

 
 

Symposium:  
 

Music & Neuroscience 3 
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Bayview B - 11:00  

Overview: 
 
Exploring music & language 
processing and emotions with 
ECoG 
Christian  Mikutta*, University of Berne; Diana 
Omigie, Max Planck Institute for Empirical 
Aesthetics, Germany; Robert Knight, UC 
Berkeley; Petr Janata, UC Davis 
Symposium summary Electrocorticography (ECoG), which 
employs direct cortical recordings from either subdural 
or depth electrodes, provides a unique method to study 
cognition and emotion in humans. Clinically ECoG is the 
gold standard for locating epileptic sources in therapy 
refractory epilepsy patients. Within cognitive 
neuroscience it offers the sound combination of high 
temporal (in ms range) and high spatial (in mm range) 
resolution. Those features offer a high potential for (a) 
exploring the neural encoding of music within the 
secondary auditory areas via cortical surface electrodes 
and (b) exploring activations of limbic structures due to 
music induced emotions via depth electrodes in the 
Hippocampus and Amygdala.  
 

 
Bayview B - 11:00  
 
Electrocorticography and Language 
Robert Knight (University of California 
Berkeley); 
Language, attention, perception, memory, motor control 
and executive control generate focal high frequency 
oscillatory activity in the range of 70-250 Hz (high 
gamma, HG). The HG response in the human 
electrocorticogram (ECoG) precisely tracks auditory 
processing in the neocortex and can be used to study the 
spatio-temporal dynamics of auditory and linguistic 

processing.  ECoG data will be reviewed addressing the 
neural mechanisms of speech suppression, categorical 
representation and the timing of speech perception and 
production in peri-sylvian language regions.  

 
Bayview B - 11:30  
 
Reconstruction of music from 
direct cortical recordings in 
humans 
C. Mikutta (University of California Berkeley); S. 
Martin (University of California Berkeley); G. 
Schalk (Albany Medical College); P. Brunner 
(Albany Medical College); R. Knight (University 
of California Berkeley); B.N. Pasley (University 
of California Berkeley); 
Music is a universal aspect of human behavior spanning 
all cultures. We addressed how music is represented in 
the human brain by recording electrocorticographic 
signals (ECoG) from 28 patients with intracranial 
electrodes covering left and right auditory cortices. A 
decoding model based on sound spectral features and 
high gamma cortical surface potentials was able to 
reconstruct music with high sound quality as judged by 
human listeners. The perceptual quality of the sound 
reconstructions increased with the spatial density of the 
electrodes, and the extent of frequency tuning sampling. 
These results reveal that the spectro-temporal sound 
representation of music can be decoded using neural 
signals acquired directly from the human cortex.  

 
Bayview B - 12:00  
 
Hippocampus and Amygdala 
interactions associated with 
Musical Expectancy 
Diana Omigie (Max Planck Institute for 
Empirical Aesthetics); Marcus Pearce (University 
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of London); Severine Samson (University of 
Lille); 
Numerous studies have linked music-induced emotions 
to activity in the amygdala (AMYG) and hippocampus 
(HIPP). However, how these regions respond to 
(expectations about) unfolding musical structure has 
seen relatively little research. This is unfortunate, given 
that musical pitch expectancy is held to be a rich source 
of musical emotions. To fill this gap, the current study 
explored the potential role of the HIPP and AMYG in 
mediating musical expectancies and thereby emotions. 
Electrical activity was recorded from epileptic patients 
implanted with depth electrodes while they listened to 
melodies comprising notes characterized in terms of 
Information content (IC, low IC= Expected, high 
IC=Unexpected). Responses to low and high IC notes 
were compared in terms of Granger Causality (GC) and 
cross-regional Phase Amplitude Coupling (PAC). GC 
revealed a more hub-like behavior of HIPP regions during 
low IC notes. Further, in line with hierarchical models 
that emphasize frequency specificity of bottom-up (BU) 
and top-down (TD) interactions: 1) TD flow (HIPP to 
lateral temporal (LT)) and BU flow (LT to HIPP) tended to 
be in the theta and gamma range, respectively and 2) 
PAC revealed HIPP theta phase modulation of 
beta/gamma power in the LT areas but not the reverse. 
Finally, in contrast to the HIPP, and in line with the 
notion of AMYG as a salience detector, amygdala showed 
increased connectivity (notably, with the HIPP) during 
the processing of high IC relative to low IC notes. In 
conclusion, HIPP and AMYG may have different but 
complementary roles in the processing of (expectations 
about) musical pitch structure. While HIPP may facilitate 
subjective feelings of  “HOME” or familiarity in response 
to expected/ low IC notes, the amygdala may facilitate 
feelings of tension or surprise in response to unexpected 
high IC ones. The continually changing dynamics of these 
two regions likely comprise an important neural 
substrate of everyday music-induced emotions.  
 

Symposium:  
 

Music & Health / Well-Being 3 

Marina - 11:00  
 

Overview: 

 
Music in clinical settings 
Nora Schaal*, Heinrich-Heine-University 
The use and effects of music in clinical settings is of 
growing interest. Studies have shown that listening to 
music before or during a surgery can reduce patients’ 
anxiety and pain levels and that music therapy can add 
beneficial value in health care and rehabilitation. 
Research in this area has recently become more robust 
by combining more diverse diciplines but there is a clear 
need of research looking at the extent and limits of the 
treatment effects of music. There is a demand for 
research looking at the specificities of music and the 
mechanisms of how these influence wellbeing and mood. 
Additionally, small sample sizes and the lack of studies 
combining subjective and objective outcome measures 
evaluating anxiety and pain levels or benefits in health 
care restrict the significance of reported effects. 
Therefore, the proposed symposium combines 
fundamental research and applied science in order to 
highlight new findings on the principles and biological 
mechanisms of the effects of music on the one hand and 
to demonstrate how music can be used in clinical settings 
to improve wellbeing of patients on the other hand. The 
principles of how music evokes emotions and the brain 
correlates of music-evoked emotions will be introduced 
and how these can be relevant for music therapy will be 
discussed. Additionally the exploration of the 
neurochemistry and social flow of singing will be 
examined. Furthermore, the symposium includes two 
papers presenting clinical data investigating the effects of 
listening to music during a caesarean section on patients’ 
subjective and objective anxiety levels as well as looking 
at how music influences daily life of people with 
dementia and how it can be used to improve dementia 
care. The aim of the symposium is to bring together new 
research looking at the effective use of music in the 
medical sector and to give impulses for future research in 
this area. 
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Marina - 11:00  
 
Neurobiological changes 
associated with social bonding, 
stress and flow-state in vocal 
improvisation 
Edward A. Roth (Western Michigan University); 
Jason R. Keeler (Western Michigan University); 
People often report a feeling of unity and trust when 
they perform music together; however, little is known 
about the neurobiological processes that are associated 
with that experience. Increased understanding of these 
neurobiological mechanisms could have clinical 
implications for people with social deficits in particular. 
In this feasibility study we explored neurobiological and 
self-reported measures associated with social bonding, 
stress, and flow state during group vocal jazz 
improvisation. Neurobiological measures included the 
neuropeptide oxytocin (previously shown to regulate 
social behavior and trust) and adrenocorticotropic 
hormone (ACTH), which may in part mediate the 
engagement and arousal effects of music. Flow state is a 
positive intrapersonal state experienced when the 
difficulty of a task matches or slightly exceeds one’s 
current ability to perform the task. Flow has been 
positively correlated with the quality of interpersonal 
relationships and may be achieved through various music 
tasks. A within-subjects, repeated measures design was 
used to assess changes in oxytocin and ACTH during 
group vocal jazz (quartet) singing in two conditions: pre-
composed and improvised. Self-reported experiences of 
flow were measured after both conditions. The primary 
aim of this small-sample feasibility study was to evaluate 
the research protocols. To our knowledge, this study was 
among the first to assess neurobiological measures in 
vocal jazz improvisation. Our procedures were 
implemented as planned and only mild modifications of 
the protocol are indicated prior to a larger scale 
endeavor. Though not the primary focus of this study, 
initial neurobiological and flow state data was generated. 
Group singing was associated with a decrease in ACTH 

and a mean increase in oxytocin. Flow state was 
experienced by all participants in both conditions. 
Although preliminary, group singing and vocal 
improvisation may influence social relationships and 
reduce the biological stress response. 

 
Marina - 11:30  
 
Cochlear Implant-Mediated 
Perception of Music 
Charles J. Limb (University of California San 
Francisco); 
Cochlear implants represent a true modern miracle of 
healthcare today. The ability to restore hearing in 
children with profound hearing difficulty was once 
regarded as science fiction. Today, we routinely provide 
deaf children with the ability to gain high-level speech 
perception through cochlear implantation. Although this 
success has been inspiring on many levels, it has also 
encouraged both deaf patients and the biomedical 
community to pursue ever more demanding auditory 
challenges. The ability to hear music represents the most 
sophisticated and difficult of these challenges, and is 
arguably the pinnacle of hearing. Through the use of 
music as both an inspiring target for which to strive and 
also as a tool from which to learn, we have learned a 
great deal about the limitations of current cochlear 
implant technologies. Pitch represents one of the most 
fundamental attributes of music, and is also the aspect of 
music that is the most difficult for CI users. In this 
presentation, we will discuss the implications of limited 
pitch perception for CI users, and consider several case 
studies of CI users that have attempted to pursue musical 
activities despite these obstacles. 

 
Marina - 12:00  
 
The effects of music interventions 
during caesarean sections on 
patients’ anxiety levels 
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Nora Schaal (Heinrich-Heine-University); 
CarstenHagenbeck (Heinrich-Heine-University); 
Julius Gilles (Heinrich-Heine-University); Sarah 
Märthesheimer (Heinrich-Heine-University); 
Wolfram Goertz (University Hospital); Oliver T. 
Wolf (Ruhr University); TanjaFehm (Heinrich-
Heine-University); and Philip Hepp (Heinrich-
Heine-University); 
Several studies have shown that music interventions 
before and during surgery can lead to reduced anxiety 
and pain levels of the patient. The use of this positive 
effect in the case of caesarean sections could be 
beneficial for the expectant mother but has not found 
much attention in the literature yet. The present study 
investigates the effects of music interventions during the 
caesarean section on subjective (State Trait Anxiety 
Inventory, visual analogue scale for anxiety) and 
objective (saliva and amylase from cortisol) measures of 
anxiety as well as heart rates perceived before, during 
and after the caesarean on the day of surgery. The 
patients are randomly allocated to the experimental 
group, listening to music in the operating room during 
the caesarean section, or to the control group, 
undergoing the procedure without any music 
intervention. Data from a pilot phase (N = 45) revealed 
significant lower heart rates (p = .048) and a trend (p = 
.061) of reduced cortisol levels during the caesarean 
section in the experimental group compared to the 
control group. The subjective measures showed 
descriptively lower anxiety levels in women listening to 
music. These first results are promising and suggest that 
listening to music during a caesarean section leads to a 
reduction of anxiety and stress experienced by the 
expectant mother. This positive effect could also 
beneficially influence pain perception and recovery from 
the operation which are interesting areas for future 
research. 170 participants have completed the study so 
far and results from a larger sample (N ~ 250) will be 
presented at the conference. 

 
 
 

History of Music Cognition 1 

 
 
Seacliff D - 11:00  
 
 Empirical Musicology, 10 Years 
On: New Ways to publish and the 
empirical paradigm in music 
research 
Daniel Shanahan*, Louisiana State University; 
Daniel Müllensiefen, Goldsmiths College; Justin 
London, Carleton College; David Huron, Ohio 
State University; Marc Leman, Ghent University; 
ReinhardKopiez, Hanover Music Lab, Hanover 
University of Music, Drama and Media; Anja 
Volk, Department of Information and 
Computing Sciences Utrecht University, Utrecht, 
Th; Peter Keller, Western Sydney University; 
Annabel Cohen, University of Prince Edward Is; 
Alexandra Lamont, Keele University; Elizabeth  
Margulis, University of Arkansas; Eric Clarke, ; 
Nicola Dibben, University of Sheffield; Alan 
Marsden, University of Lancaster 
2016 represents the 10th anniversary for the open-
access journal Empirical Musicology Review 
(http://emusicology.org/), which has followed the open 
peer-review model of Behavioral and Brain Sciences, in 
which articles are published alongside commentaries by 
peers, in an attempt to open the lines of discourse in the 
field. Since the journal began, however, the academic 
publishing world has seen seismic shifts in attitudes 
toward access, peer-review, and the publishing model in 
general. At the same time, empirical musicology as a 
research field has developed substantially over the past 
ten years along with developments in neighbouring areas 
such as music information retrieval, music and 
neurosciences, embodied music cognition and digital 
musicology. These neighbouring research areas all 
subscribe to the empirical research paradigm and the 
idea that musicological and scientific insights need to be 
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based on empirical evidence. However, while they share 
the empirical approach to music research, their individual 
research perspectives and their ways of presenting 
themselves as current areas of music research differ 
markedly. Given this diversity of empirical approaches to 
music research, can and should empirical musicology 
provide a conceptual bracket that facilitates exchange of 
research ideas and empirical findings between these 
areas?  This symposium will address several short-topic 
questions related to the recent changes in scientific 
publishing, as well as on the role of empirical musicology 
as a paradigm for modern music research. Topics will be 
presented by several contributors in short position 
papers (5-7 minutes), followed by a roundtable 
discussion. Specifically, topics will focus on the role of 
open-access in music research, what questions empirical 
musicology should seek to answer, what tools and 
methods are currently lacking, the benefits and 
disadvantages of open-peer review and a broader focus 
on the past, present, and future of empirical musicology. 

11:00 - The History of Empirical Musicology Review 
 David Huron (Ohio State University) 
 
11:06 - What questions should we in empirical 
musicology be seeking to answer?  
Marc Leman (Ghent University) 
 
11:12 - What is the point of empirical musicology if we 
already have music theory, music informatics and music 
psychology? 
Justin London (Carleton College) 
 
11:18 - What tools and methods are we lacking? 
Reinhard Kopiez (University of Music) 

 
11:24 - How can music theory, music psychology and 
music informatics strengthen each other as disciplines? 
Anja Volk (Utrecht University) 
 
11:30-Where to draw the line between 'empirical' and 
'non-empirical' in musicology 
Peter Keller (University of Western Sydney) 
 
11:36-Can new publishing models benefit researchers 
who read and respond constructively to work by 
others? 
Alan Marsden (Lancaster University) 
 
11:42-Does a great empirical music paper need to be 
published in a high-impact factor journal? 
Annabel Cohen (University of Prince Edward Is);  
 
11:48-How and why does empirical data make music 
research more impactful 
Alexandra Lamont (Keele University) 
 
11:54-Where will empirical musicology venture over the 
next 10 years and what does it take to get there? 
Elizabeth Margulis (University of Arkansas) 
 
12:00-Will the next generation of musicologists be all 
empirical musicologists? 
Eric Clarke (Oxford University) 
 
12:06-Empirical Musicology Futures 
Nicola Dibben (University of Sheffield) 
 
12:12-The future of the specialised music research 
journal in the age of digital publishing 
Daniel Mullensiefen (Goldsmiths College) 
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SATURDAY
Pitch & Tonal Perception 4 
Session Chair: Marianne Ploger 
 
Bayview A - 08:30  
 
Information dynamics of boundary 
perception: Entropy in self-paced 
music listening 
Haley Kragness*, McMaster University; Niels 
Chr. Hansen, Center for Music in the Brain; 
Peter Vuust, ; Laurel Trainor, McMaster 
University; Marcus Pearce, Queen Mary 
University of London 
It has long been noted that expert musicians lengthen 
notes at phrase boundaries in expressive performance. 
Recently, we have extended research on this 
phenomenon by showing that undergraduates with no 
formal musical training and children as young as 3 years 
lengthen phrase boundaries during self-paced listening to 
chord sequences in a lab setting (the musical dwell-time 
effect). However, the origin of the musical dwell-time 
effect is still unknown. Recent work has demonstrated 
that musicians and non-musicians are sensitive to 
entropy in musical sequences, experiencing high-entropy 
contexts as more uncertain than low-entropy contexts. 
Because phrase boundaries tend to afford high-entropy 
continuations, thus generating uncertain expectations in 
the listener, one possibility is that boundary perception is 
directly related to entropy. In other words, it may be 
hypothesized that entropy underlies the musical dwell-
time effect rather than boundary status per se. The 
current experiment thus investigates the contributions of 
boundary status and predictive uncertainty to the 

musical dwell time effect by controlling these usually 
highly-correlated factors independently. In this 
procedure, participants self-pace through short melodies 
(derived from a corpus of Bach chorales) using a 
computer key to control the onset of each successive 
note with the explicit goal of optimizing their 
memorization of the music. Each melody contains a 
target note that (1) is phrase ending or beginning and (2) 
has high or low entropy (as estimated by the Information 
Dynamics of Music Model, IDyOM, trained on a large 
corpus of hymns and folksongs). Data collection is 
ongoing. The main analysis will examine whether longer 
dwelling is associated with boundary status or entropy. 
Results from this study will extend recent work on 
predictive uncertainty to the timing domain, as well as 
potentially answer key questions relating to boundary 
perception in musical listening. 
 
Bayview A - 09:00  
 
We are fast learners: the implicit 
learning of a novel music system 
from a short exposure 
Yvonne Leung*, MARCS Institute; Roger Dean, 
MARCS Institute, Western Sydney University 
We examined if one can incidentally learn a microtonal 
scale through listening to microtonal melodies during a 
timbre discrimination task, where participants are asked 
to detect a timbre change in one of the notes (the target) 
in a melody. Utilizing a novel approach, we manipulated 
the note before the target (the prime) such that it was 
either from the musical scale of the presented melody, or 
from another. Unlike past paradigms where timbre 
change was manipulated on the target, this paradigm 
avoided having both the pitch manipulation and timbre 
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alteration on the same note. When the prime is from a 
different scale, it will create two incongruent pitch 
intervals with the notes before and after it. We 
hypothesized that if participants perceive those pitch 
intervals as incongruent, they would respond faster to 
the target, as a timbre change after the incongruent 
intervals becomes highly expected due to us providing 
such an increased probabilistic association in the design. 
Melodies in the task were blocked by scale: a diatonic 
scale (Control) or a microtonal scale. To provide 
exposure, participants first performed a 10-minute 
discrimination task where no incongruent intervals were 
embedded in the melodies. They were then tested using 
the new paradigm immediately and again a week later. 
Results from 21 non-musicians showed that immediately 
after the exposure, response time was significantly 
shorter when targets were preceded by incongruent 
intervals than when they were not, for both the Control 
and Microtonal melodies. However, this difference was 
only significant for the Control melodies a week later, 
suggesting that one short exposure session is not 
sufficient for long-term memory encoding. Nevertheless, 
this consistent pattern found in the Control stimuli 
suggests that this new paradigm is effective in measuring 
implicit knowledge of music, in this case, listeners’ 
consistent ability to differentiate incongruent pitch 
intervals from the intervals in a diatonic scale.  
 
Bayview A - 09:30  
 
Tonal cognition: a “dynamic” 
approach 
Duilio D'Alfonso*, Music Conservatory, Latina, It 
Tonal cognition is connected to at least two aspects of 
tonal music: a frequency distribution on the occurrences 
of pcs with a prevalence of tones belonging to a 
major/minor scale (according to Krumhansl’s “key-
profiles”); a hierarchical organization of (ordered) pc-
events defining tension-relaxation patterns. Hence, we 
can distinguish a “weak” tonal sense, due to distribution 
and density of pc events, widely studied by probabilistic 
models of key-finding, and a “strong” tonal 
apprehension, represented by event hierarchies 

recovered by experienced listeners, that has received 
less attention, especially regarding the cognitive and 
computational task to recover it in real-time listening 
process. Thus, in this paper I advance a model of the 
“event hierarchy induction”, a “left-to-right” parsing 
strategy to derive the event hierarchy in the format of 
prolongational trees. A locality principle to constrain the 
accessibility of the tree under construction is introduce. 
Preference rules of Lerdahl & Jackendoff  prolongational 
reduction are hardly conceivable as a real-time parsing 
system. Their system licenses the best prolongational 
descriptions derivable by an idealized listener: such 
descriptions could not coincide with those inferred by 
finite users. Therefore, in my proposal, “affordable” 
descriptions, derivable by resource-bounded listeners, 
are allowed, even if divergent from the most sensible 
ones. Moreover, as in Kempson’s Dynamic Syntax, where 
NL grammar is conceived as a goal-oriented parsing 
system, the parsing process is guided by the initial 
purpose to recover a basic tree structure, and proceeds 
alternating bottom-up input scanning and top-down 
prediction steps. The idea is that listener’s mind is 
neither a tabula rasa before listening nor passive during 
listening; instead, it is in the active state to predict the 
tonal sense and, triggered by the ongoing musical stimuli, 
it generates goals and sub-goals orienting the 
comprehension process. 

 
Bayview A - 10:00  
 
On the role of semitone intervals 
in melodic organization: Yearning 
versus baby steps 
Hubert Léveillé Gauvin*, Ohio State University; 
David Huron, Ohio State University; Daniel 
Shanahan, Louisiana State University 
A corpus study of 15,000 melodies was carried out to test 
various conjectures arising from the purported tending 
or yearning quality of the semitone interval. Several 
hypotheses were tested, including comparing semitone 
and whole-tone intervals in major-mode contexts with 
comparable movements in minor-mode contexts. Results 
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failed to show the predicted relationship favoring 
semitone intervals for “yearning.”  In the course of this 
study, our analyses produced an unexpected result 
regarding the use of semitone intervals in melodies 
generally. Although whole-tone intervals are more 
common than semitone intervals, compared with 
melodies whose pitches have been randomly reordered, 
there is a tendency for composers to favor semitone 
intervals compared with whole-tone intervals. These 
results reinforce longstanding observations regarding 
pitch-proximity, but add to these observations by 
identifying a disposition toward using the smallest 
available intervals in the construction of melodies.  
Overall, the results call into question the conjecture that 
the semitone interval itself is responsible for the 
yearning qualia. 
 
 

Music & Neuroscience 4 
Session Chair: Takako Fujioka 
 
Bayview B - 08:30  
 
Neural Correlates of Auditory and 
Language Development in Children 
Engaged in Music Training 
Assal Habibi*, USC; Baruch Cahn, USC; Antonio 
Damasio, USC; Hanna Damasio, USC 
Several studies comparing adult musicians and non-
musicians have shown that music training is associated 
with functional and anatomical brain differences. It is 
unknown, however, whether those differences result 
from lengthy musical training or from pre-existing 
biological traits or social factors favoring musicality. As 
part of an ongoing 5-year longitudinal study, we 
investigated, using behavioral, neuroimaging and 
electrophysiological measures, the effects of a music 
training program on the auditory and language 
development of children, over the course of three years 
beginning at 6-7. The training was group-based and 
inspired by El Sistema. We compared the children in the 

music group with two groups of “control” children of the 
same socio-economic background, one involved in sports 
training, another not involved in any systematic training. 
Prior to participating, children who began training in 
music were not different from those in the control 
groups relative to cognitive, motor, musical, or brain 
measures. After three years, we now observe that 
children in the music group, but not in the two control 
groups, show an enhanced ability in pitch and rhythm 
perception and phonological processing and an 
accelerated maturity of auditory processing as measured 
by cortical auditory evoked potentials. Our results 
support the notion that music training results in 
significant brain changes in school aged children.   
 
 

 
Bayview B - 09:00  
 
Music use predicts neurobiological 
indices of well-being and emotion 
regulation capacity 
Tan-Chyuan Chin*, The University of 
Melbourne; Nikki Rickard, Monash University 
Music engagement for the purposes of cognitive and 
emotional regulation has been shown to be consistently 
associated with, and predictive of, subjective indices of 
well-being and adaptive emotion regulation strategy.  
The present study investigated the extent to which music 
engagement contributed to neurophysiological 
substrates of well-being, after statistically controlling 
first, for age and gender, and secondly, music listening 
and training in a sample of 38 participants between the 
ages of 18 and 42 (M = 27.11, SD = 6.66).  Frontal 
asymmetry and heart rate variability were acquired using 
electroencephalography (EEG) and electrocardiography 
(ECG).  Intentional use of music for cognitive and 
emotional regulation predicted both well-being and 
emotion regulation capacity, as measured respectively by 
resting frontal asymmetry and high frequency heart rate 
variability.  Furthermore, this predictive value was 
maintained after statistically controlling for age, gender, 
music listening and music training.  These findings 
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suggest that purposeful engagement with music for 
cognitive and emotional regulation could be strategically 
targeted for future well-being interventions. 
 
Bayview B - 09:30  
 
Neural correlates of dispositional 
empathy in music listening 
Zachary Wallmark*, Southern Methodist 
University; Choi Deblieck, University of Leuven; 
Marco Iacoboni, University of California, Los 
Angeles 
Neuroimaging studies on sensorimotor integration and 
social cognition suggest that individuals with high 
dispositional empathy (measured by the Interpersonal 
Reactivity Index, or IRI) process human-made action 
sounds with greater involvement from motor areas than 
individuals with lower dispositional empathy. Does high 
empathy correlate with increased motor activity when 
listening to musical sounds as well?  To address this 
question, we performed an fMRI study with fifteen 
subjects. Stimuli consisted of 12 isolated 2-second 
natural instrument and vocal timbres in “regular” and 
“noisy” versions. With “empathic concern” scores from 
the IRI included as covariates, we found that high-
empathy individuals processed noisier qualities of timbre 
with heightened motor activity relative to regular 
timbres, particularly in the supplementary motor area 
(SMA). We interpret these results through the lens of 
embodied music cognition to suggest that dispositional 
empathy modulates motor resonance during the 
perception of the sounds of others, especially when 
these sounds signal heightened arousal and negative 
valence.   

 
Bayview B - 10:00  
 
SIMPHONY: Studying the impact 
music practice has on 
neurodevelopment in youth 

John Iversen*, University of California, San 
Diego; Johanna Baker, UC San Diego; Dalouge 
Smith, San Diego Youth Symphony and 
Conservatory; Terry Jernigan, UC San Diego 
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 that 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 
electrophysiology. Twenty students receiving intensive 
instrumental music training (in the San Diego Youth 
Simphony’s El Sistema-inspired Community Opus Project) 
and 142 control students are currently enrolled. Of these, 
98 (17 music) have completed a second annual 
measurement battery to date. We will present results 
relating beat perception and synchronization (BPS) ability 
assessed with the Beat Alignment Test (BAT; Iversen et 
al., 2008). All measures of BPS show age-dependent 
improvement, but with considerable variation for any 
given calendar age, which is what we seek to relate to 
brain structural differences. Music training influenced the 
consistency of improvement between year 1 and year 2, 
with greater mean change in scores for beat perception 
(% correct; p=0.017) and synchronization with a 
metronome (CV of ITI, p=0.04). While this may, 
unsurprisingly, reflect training, it may also reflect test 
performance motivation. Brain structural differences 
explain individual differences in beat perception ability, 
which was strongly related to the volume of 
motor/premotor cortex (p < 0.003), after age effects (p < 
0.001) were accounted for. The finding that motor cortex 
volume predicts perceptual performance is interesting, 
given that the assessment of beat perception (judging 
the alignment of a click track superimposed on music 
with the music's beat) and did not explicitly involve 
movement.  
 
 

Cognitive Modeling of Music 3 
Session Chair: Christopher White 
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Marina - 08:30  
 
Exploring the temporal capacity of 
memory for key-change music 
empirically and computationally 
Erico Firmino*, ; Jose Lino Bueno, University of 
Sao Paulo; Carol Krumhansl,  
The literature contains different estimates of the 
temporal capacity of memory for music containing key-
changes. We addressed this in three time reproduction 
experiments in which a modulating chord sequence was 
followed by instructions to produce a silent time interval 
with a computer stopwatch that matched the duration of 
the sequence just presented. Time estimates were 
affected by three variables: (1) the duration of each key, 
(2) the response delay (the time between the end of the 
sequence and the participant’s response), and (3) the 
distance between the keys. The sequences in Exp 1 and 2 
were 60 s in duration. Exp 1 sequences modulated from C 
to Gb and the relative duration of the two keys was 
varied. Exp 2 sequences modulated from C to Eb to Gb 
and the longest key was either the first, second, or third. 
Exps 1 and 2 showed that when the longest key was the 
first, the reproductions were shorter. However, when 
compared to non-modulating controls, short earlier keys 
still resulted in time underestimations. Exp 3 sequences 
were 20 s in duration, and contained modulations from C 
to F (close) or C to Gb (distant); the response delay was 
25, 50, or 100 s. The farther the interkey distance, the 
shorter the time reproduction. All these results confirm 
predictions of the Expected Development Fraction (EDF) 
Model whereby time underestimates result from a 
mismatch between the actual and expected duration of 
key-changes (Firmino & Bueno, 2008). Exp 3 showed, in 
addition, that when the response delay was 25 s, the 
time reproductions were larger than the longer response 
delays. We further developed the EDF Model to take into 
account the greater interfering effect of extra-musical 
information (e.g., verbal, visual) on time estimates of 
music when the response delay is short. The model 
dynamically describes the long capacity of memory for 
key-change music throughout the stimulus-response 
period. 

 
Marina - 09:00  
 
Form-bearing musical motives: 
Perceiving form in Boulez’s 
Anthèmes 
Cecilia Taher*, McGill University, CIRMMT; 
Robert Hasegawa, McGill University, CIRMMT; 
Stephen McAdams, McGill University, CIRMMT 
This paper combines experimental and theoretical 
methods to examine listeners’ perception of post-tonal 
musical forms. Both the perceptual and theoretical 
literature highlight the importance of formal hierarchy. 
However, whereas perceptual research has shown that 
listeners are sensitive to many hierarchical levels of post-
tonal forms and that surface features are essential to 
form perception (e.g., Deliège, 1989), post-tonal theories 
have tended to disregard large-scale hierarchical levels 
and emphasize local-level abstract structures (e.g., pitch-
class sets) instead of surface events. This marks a 
disconnect between perception and theory research 
agendas. Boulez intended to reconcile perception with 
composition, describing the form of his Anthèmes in 
terms of constantly changing yet clearly recognizable 
motives and large-scale perceptual cues (Nattiez et al., 
2014). Anthèmes exists in two versions—for violin and 
violin with electronics—that share the same motivic 
families. In Anthèmes 2, the form is enlarged and the 
electronics create important timbral transformations. 
Theoretical analyses of the form of Anthèmes 1 and its 
enlargement in Anthèmes 2 build on the findings from 
two experiments that explore musicians’ perception of 
variations of selected motives representing the motivic 
families of Anthèmes. Participants hear each motive, 
subsequently listening to one version of Anthèmes and 
pressing a button when they recognize a transformation 
of the motive. The findings suggest that predictability 
(repeating successions of motives or electronic effects 
consistently associated with a motive), formal blend 
(motivic continuity and lack of surface contrast), and 
elapsed time affect listeners’ apprehension of the 
hierarchy. Musical events that are predictable or 
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associated with low formal blend lead listeners’ attention 
to the local/indivisible level. Unpredictable and formally 
blended events and the passing of musical time shift 
attention to higher/divisible levels. 

 
Marina - 09:30  
 
Learning the language of affect: A 
new model that predicts perceived 
affect across Beethoven’s piano 
sonatas using music-theoretic 
parameters 
Joshua Albrecht*, University of Mary Hardin-
Baylor 
1.Background Albrecht (2012) constructed a model of 
perceived affect in Beethoven piano sonatas by 
measuring 16 musical parameters including mode, level 
of dissonance, pitch height, etc., and using these 
variables to predict participant affect ratings. While 
somewhat successful, the model was fairly limited.  
2.Aims The purpose of this study is to examine affect 
perception in the broader oeuvre of all Beethoven piano 
sonatas. A new model is built with excerpts from multiple 
movements and tested against a dataset of 
complementary excerpts.  3.Method Excerpts used in the 
study were solicited from SMT, AMS, and Piano Street, 
whose members provided excerpts from Beethoven’s 
piano sonatas they thought were the “most emotionally 
expressive moments,” totaling 30 excerpts. Each excerpt 
was analyzed in the same manner as Albrecht (2012).  
The excerpts were divided into two groups of 15. 68 
undergrad music majors were randomly assigned to one 
of the excerpt groups. Each participant listened to the 15 
excerpts and rated the affective expression of each 
excerpt on nine affective dimensions.  From the data 
from group 1, multiple regression model was built. This 
model was tested on the data from group 2 by predicting 
ratings of perceived affect based on the musical 
parameters measured in those excerpts.  4.Results The 
predictions for the calm, dreamy, exciting, happy, in love, 
and sad affects were significantly correlated with 

participant response means, consistent with fairly 
accurate models. However, all models produced 
predictions significantly better than chance (p < .0001). 
All nine reverse models built from group 2 produced 
predictions significantly correlated with participant 
ratings from group 1, which were significantly better 
than chance.  5.Conclusions The models generated 
predicted ratings of novel excerpts significantly better 
than chance. Given the close correspondence, a 
supermodel combining both groups is produced. 
 
Marina - 10:00  
 
Modelling melodic discrimination 
using computational models of 
melodic similarity and complexity 
Peter Harrison*, Queen Mary University of 
London; Daniel Müllensiefen, Goldsmiths 
College 
Melodic discrimination has formed the basis of much 
research, both in the experimental psychology tradition 
(e.g. Dowling, 1971) and in the individual differences 
tradition (e.g. Seashore, 1919). In the typical melodic 
discrimination paradigm, participants are tasked with 
detecting differences between two successively played 
versions of the same melody. Experimental psychology 
studies have investigated how melodic features influence 
task performance, identifying effects from a range of 
sources including contour, length, and tonal structure. 
Meanwhile, individual difference studies have found that 
melodic discrimination ability provides a good proxy for 
musical expertise, and as a result the task is often used in 
musical test batteries (Law & Zentner, 2012). Often, 
however, many assumptions are made about what the 
melodic discrimination paradigm is actually measuring, 
ranging from ‘audiation’ (Gordon, 1989) to auditory 
discrimination (Ullén et al., 2014) to melodic memory 
(Müllensiefen et al., 2014). The present research aimed 
to reconcile these different assumptions within a sound 
cognitive framework. First, we proposed a three-stage 
cognitive model for the task, comprising perceptual 
encoding, memory retention, and similarity comparison. 
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On this basis, we hypothesised that task difficulty could 
parsimoniously be predicted on the basis of the 
complexity of the reference melody (i.e. first version in 
the pair) and the perceptual similarity between melody 
versions. We operationalised perceptual similarity using 
hybrid similarity algorithms (Müllensiefen & Frieler, 
2003) and complexity using measures from a model of 
statistical learning (IDyOM; Pearce, 2005) as well as 
feature-based algorithms (FANTASTIC; Müllensiefen, 
2009). Perceptual similarity and complexity measures 
significantly predicted task difficulty, supporting the 
proposed three-stage model and suggesting that melodic 
discrimination paradigms assess both melodic memory 
and similarity comparison skills.  
 
 

Cognitive Musicology 2 
Session Chair: Richard Ashley 
 
Seacliff D - 08:30  
 
The Interaction of Schema-Drive 
Gestures and Instrumental 
Affordances in Bebop 
Improvisation  
David Baker*, Louisiana State University; Daniel 
Shanahan, Louisiana State University; Eva 
Shanahan, Independent Researcher; Adam 
Rosado, LSU 
Improvisational styles rely on an implicit knowledge of 
various musical gestures, ranging from note-to-note 
transitions to those that exist on a more structural level. 
These prototypical musical gestures are linked and 
transformed over time, and are intertwined with 
instrumental idiomaticisms, which are derived from the 
structure of the instrument and the amount of effort 
required by certain musical gestures (see Huron and 
Berec, 2009; Gjerdingen, 2009). This study explores how 
these stylistic and physical constraints interact in bebop 
improvisation – specifically the transcribed solos of 

Charlie Parker, Dizzy Gillespie, and Clifford Brown. The 
aims of this study are fourfold. Firstly, we aim to 
replicate the findings of Huron and Berec (2009), which 
found that keys chosen for compositions correspond with 
the most idiomatic transitions. Secondly, we hypothesize 
that an “arc of idiomaticism” occurs throughout the 
course of an improvisation. Thirdly, this study examines 
the most common structural schemata in the corpus, 
looking for the most common occurrences of temporally 
regular gestures, which were then categorized to create 
a schematic taxonomy. Lastly, this study examines the 
interaction of the idiomatic gestures with the most 
common improvisatory schemata in the corpus, 
examining relationships between stylistic usage and 
affordant idiomaticism. This study uses data taken from 
trumpeters and saxophonists to provide a metric for the 
relative difficulty of note-to-note transitions, taken from 
the corpus. A web-based study then asked self-identified 
trumpeters and saxophonists to describe the relative 
difficulty of certain note-to-note transitions. A difficulty 
metric was then attached to each note-to-note transition 
in a corpus of bebop improvisations, encoded into *kern 
format. This study suggests that use of improvisational 
corpora can serve as a novel medium to further explore 
the relationship between stylistic and physical 
constraints. 

 
Seacliff D - 09:00  
 
Improvisation as a way of knowing 
Andrew Goldman*, Columbia University 
Background: The lack of a single widely accepted 
definition of improvisation has not hindered the 
development of the field of improvisation studies. In fact, 
a critical literature is flourishing by questioning its 
historical, sociological, and philosophical foundations. 
However, in order to do scientific experiments on 
improvisation, an interim concrete definition must be 
chosen. Much psychological and neuroscientific work has 
defined the phenomenon in the problematic and 
culturally contingent terms of novelty and spontaneity. 
Aims: In this theoretical paper, I argue that without being 
more critically sensitive to concepts like “novel” and 
“spontaneous,” the scientific theories that are built 
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around them remain equally ambiguous and 
problematic. I propose a different conceptual foundation 
to guide future empirical work. Improvisation can be 
considered as a way of knowing. Method: Cognitive-
scientific research has elsewhere shown that musical 
training changes how people perceive and perform music 
(i.e., how they know about it). Given that musicians learn 
through different methods, it is reasonable to theorize 
that there are differences between the ways musicians 
know about and use musical structures. Improvisers train 
in ways that emphasize links between perception and 
action, not just in expressive aspects of performance, but 
also learning which movements create which harmonies 
and melodies in a way that may differ from score-
dependent musicians. Improvisers may have different 
knowledge of sensorimotor contingencies. Results: 
Perception-action coupling experimental methods could 
be adapted to compare groups of improvisers and “non-
improvisers,” categorized on the basis of questionnaires 
that evaluate practice methods and musical experiences. 
Conclusions: Exploring these cognitive differences can 
serve as a productive alternative foundation for empirical 
work that characterizes what it means to be an 
improviser, and how improvisers acquire and use their 
knowledge. 

 
Seacliff D - 09:30  
 
Perception of Structural Features 
in First and Second Musical 
Themes 
Lindsay Warrenburg*, Ohio State University; 
David Huron, Ohio State University 
In music exhibiting two main themes, the first theme is 
commonly characterized as stronger or more energetic, 
whereas the second theme is characterized as gentler or 
more cantabile. Previous work indicates that compared 
to first themes, second themes are less likely to be in the 
minor mode, but are more likely to be legato, make use 
of a slower tempo, utilize smaller intervals, and involve a 
quieter dynamic level (Warrenburg & Huron, 2015). The 
current study tested whether musicians are sensitive to 
these changes in the musical structure. Musicians (n = 

44) were tested on their ability to discriminate between 
pairs of musical themes in 22 piano works. Participants 
completed two tasks, one based on the musical score 
and one based on sound recordings. The study was 
designed as a two-alternative forced-choice task, where 
musicians were asked to identify which of the two 
themes comes first in the music. Additionally, the type of 
information available in the musical excerpts was 
manipulated so that in some trials, participants did not 
have access to dynamic and articulative information. The 
results indicate that musicians are weakly able to 
differentiate between first and second themes in both 
the score-only (p < 0.001) and audio-only tasks (p < 
0.001), and that participants perform better when stimuli 
include dynamic and articulative information (p < 0.02). 
The results are consistent with the claim that musicians 
can weakly perceive structural and expressive differences 
between first and second themes, even outside of the 
original musical context. 

 
Seacliff D - 10:00  
 
Using eye tracking to investigate 
intense music listening 
Elke Lange*, Max-Planck-Institute for Empir; 
Fabian Zweck, Bavarian Broadcasting, Munich, 
Germany; Petra Sinn, University of Potsdam, 
Potsdam, Germany 
Experiencing music can be accompanied by the state of 
being absorbed by the music, a state in which individuals 
allow the music to draw them into an intense listening 
experience. We investigated whether being absorbed by 
music might be related to eye movement control, pupil 
size and blinking activity. All three measurements index 
cognitive workload. If they relate to felt absorption, they 
might pick up cognitive processing as part of state 
absorption. We presented musical excerpts to listeners in 
two Experiments. In Exp. 1 we instructed participants to 
fixate centrally, measuring microsaccades, miniature 
movements of the eyes during fixational movements. In 
the free viewing task of Exp. 2 we measured larger, eye 
movements, called saccades. Eye movements, pupil 
dilation and blink rate were recorded. Musical excerpts 
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were selected from a broad range of styles. The listeners 
rated each excerpt for felt absorption, valence, arousal, 
preference and familiarity. Acoustic properties of the 
music were analyzed using the MIR toolbox. We used 
linear mixed models to predict the subjective ratings by 
the physical properties of the eye. In Exp. 1 we found 
clear evidence for microsaccade and blink rate to predict 
absorption and liking. Predicting valence included an 
additional effect of pupil size. Knowing and arousal were 
not reliably related to our measurements. In Exp. 2 
fixational microsaccades were not expected to be 
effective as eyes were moved freely. Here, some of the 
effects shifted to mean saccadic amplitude. Acoustic 
properties contributed to predictions of subjective 
ratings as well in both Experiments. Our results are 
important for two reasons. First, objective 
measurements can predict subjective states during music 
listening. Second, the construct of state absorption might 
be related to cognitive processing. To sum, eye tracking 
seems to be a fruitful tool to investigate musical 
processing during listening to music. 
 

Symposium:  
 

Music & Movement 4 
 
 
Bayview A -  11:00   

Overview: 

 
Embodiment in Electronic Dance 
Music 
Alexander Förstel, Technische Universität Berlin; 
Hauke Egermann*, University of York; Dirk 
Moelants, Ghent University; Alexander 
Jensenius, University of Oslo; Birgitta Burger, 
University of Jyväskylä 
Electronic Dance Music (EDM) is a predominant cultural 

phenomenon in the everyday lives of many. It is not only 
closely linked to the development of dance club culture, 
but can nowadays also occur on big festival stages being 
performed live, and in home listening settings. However, 
up until now, it has rarely been in the focus of research 
within the field of music psychology. Given the fact that 
it is strongly rooted in an embodied engagement with 
music, its research can be nicely linked to recent theories 
of embodied music cognition. This symposium will try to 
contribute to this by providing several presentations that 
focus on different stages of the musical communication 
process within electronic dance music. The first two talks 
will focus on the production of electronic dance music: 
One will present the results of a qualitative interview 
study on live performance of electronic music. Another 
will present a statistical analysis of historical trends in the 
production of electronic dance music. Subsequently, the 
two following presentations will focus on audiences 
moving to this music. Both studies will employ an 
embodied paradigm to research the shape and collective 
synchronization of dance movements in club cultural 
settings. We believe that this symposium will contribute 
to establishing a research focus on this often ignored 
part of everyday life musical culture.  

 
Bayview A -  11:00   
 
Embodiment in Electronic Dance 
Music: The Performer's 
Perspective 
Alexander Förstel1 & Hauke Egermann 
(presenter) 2 

1 Audio Communication Department, 
Technische Universität Berlin, Berlin, Germany 

2 York Music Psychology Group, Department of 
Music, University of York, York, UK 

 
Electronic dance music (EDM) is among the most popular 
musical genres of today. However, in stark contrast to 
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practices in other musical styles, electronic music is 
hardly ever played fully “live” in a conventional sense. 
The performers interact with a variety of electronic 
devices (e.g. turntables, synthesizers, gestural 
controllers), often with the use of pre-recorded material, 
to transform their respective musical intentions into 
sound. In order to investigate the many possible 
approaches to electronic “live” performance and the 
underlying concepts of musical embodiment, 13 
qualitative interviews with electronic live performers – 
ranging from experimental to relatively popular – were 
conducted. The questions were conceived in the 
framework of “embodied music cognition”, with a 
particular focus on the use of the performer's body 
during the interaction with the equipment, the visibility 
and readability of the performer's movements from the 
audience's perspective, and the role of the musical 
equipment as a mediator between performer and 
audience. Results initially show a great heterogeneity in 
the various approaches in the sample group. On closer 
inspection, a continuum becomes apparent – ranging 
from a very controlled (i.e. focus on reproduction 
quality), less embodied and less visible performance style 
to a very physical, extroverted way of performing with 
room for unpredictable events and error. Surprisingly, 
the former “controlled” style is found more often in 
performers with a connection to club culture, whereas 
the latter “extroverted” style is found more often in 
avant-garde contexts with a seated audience. This 
seemingly contradicts the idea of a shared bio-mechanic 
energy level between the performer and the audience, as 
can be found in other popular musical genres. These 
findings, as well as the general obstacles of conducting 
research on electronic music, are discussed. 

 
Bayview A -  11:30   
 
A long term study of tempo in 
contemporary dance music (1999-) 
Dirk Moelants, Conservatory, School of Arts, 
University College Ghent, Ghent, Belgium & 
IPEM-Department of Musicology, Ghent 
University, Ghent, Belgium 

 
Several studies have shown a preference for tempi 
around 120 bpm. If this corresponds to our natural way 
of moving, it should also be reflected in the tempi found 
in dance music. To study this, we analyzed the tempi of 
pieces in the Scandinavian Dance Charts, which give a top 
40 of the most popular pieces for each week, including 
tempo. Analyzing data over a period of 17 years (with 
33141 records in total) gives interesting insights in how 
tempo evolves and is influenced by trends. It shows 
periods with a prevalence of slower or faster tempi, but 
most remarkable is the predominance of one single 
tempo. Over the whole period about 28% of the records 
have a tempo of 128 bpm, with 62% of the tempi 
between 125 and 130. This narrow tempo range is always 
present, independent of certain trends in musical style. 
Therefore it is a strong indication that that this range 
corresponds to our natural dance movement and can be 
related to optimal walking tempo. These results show 
again a preferred tempo around 120 bpm, but not just 
‘around’. It seems that 128 bpm has a special function 
and that a narrow band around it accounts for a majority 
of our common dance moves. Future research can now 
consciously look if 128 bpm also has a special role in 
other rhythmic phenomena and if this might be a more 
exact representation of human natural resonance 
frequency. 
 
Bayview A -  12:00   
 
Embodiment in Electronic Dance 
Music: How EDM shapes body 
movement 
Birgitta Burger, Finnish Centre for 
Interdisciplinary Music Research, Department of 
Music, University of Jyväskylä, Finland 

 
Electronic dance music (EDM) could be classified as music 
created to move to. While research has revealed 
relationships between movement features and, e.g., 
musical, emotional, or personality characteristics, 
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systematic investigations of genre differences and 
specifically of EDM are rather rare. This contribution aims 
at offering insights into the embodiment of EDM from 
three different angles: firstly from a genre-comparison 
perspective, secondly by comparing different EDM 
excerpts with each other, and thirdly by investigating 
embodiments in one specific EDM excerpt. Sixty 
participants moved freely to 16 excerpts of four different 
genres (EDM, Latin, Funk, Jazz – four excerpts/genre) 
while being recorded with optical motion capture.  
Subsequently, a set of movement features was extracted 
from the mocap data, including acceleration of different 
body parts, rotation, complexity, or smoothness. In order 
to compare embodiments of EDM to the other genres, 
repeated measures ANOVA analyses were conducted 
revealing that participants moved with significantly 
higher acceleration of the center of the body, head, and 
hands, overall higher smoothness, and a more upright 
position to the EDM excerpts than to the other excerpts. 
Between the EDM excerpts, several spectro-timbre 
related musical features (brightness, noisiness, spectral 
centroid, spectral energy (mfcc1), attack length) showed 
high correlations with vertical foot speed, acceleration of 
head and hands, and upper body complexity. Detailed 
analysis was conducted on a section containing four bars 
chorus, four bars break, and four bars chorus of one of 
the EDM excerpt. Participants’ movements differed in 
several features distinguishing the break from the 
surrounding parts, in particular showing lower amounts 
of foot and hand acceleration, phase coherence, rotation 
and hand displacement in the break. These analyses 
proposed different ways of studying EDM and could 
indicate distinctive characteristics of EDM embodiment. 
 
 

Memory & Music 3 
Session Chair: Daniel Müllensiefen 
 
Bayview B - 11:00  
 
Memory for the Meaningless: 
Expert Musicians’ Big Advantage at 

Recalling Unstructured Material 
Giovanni Sala*, University of Liverpool; Fernand 
Gobet, University of Liverpool 
When recalling sequences of notes briefly presented in a 
musical stave, expert musicians show a better 
performance then novices. Interestingly, this skill effect 
occurs even with unstructured material – such as random 
sequences of notes. Classically, the advantage of experts 
at recalling domain-specific meaningless material – such 
as shuffled chess positions, or random notes – has been 
convincingly explained by the chunking theory. In fact, 
theories assuming small memory structures (i.e., chunks) 
predict a moderate skill effect, because even in 
unstructured material some small meaningful structure – 
which experts are more likely to recognize and recall 
than novices – can occur by chance. The aim of this 
meta-analysis is thus to establish (a) the size of experts’ 
superiority at recalling unstructured domain-specific 
material, and (b) the possible differences between 
diverse domains of expertise (music, programming, 
board games, and sports). A systematic search strategy is 
used to find studies comparing experts’ and novices’ 
performance at recalling random material. Then, a 
random meta-analytic model (K = 28) is run to calculate 
the overall correlation between expertise and 
performance. The results show (a) a moderate overall 
correlation (r = .332, 95% CI [.221; .434], p < .001), and 
surprisingly (b) a significantly superior correlation (r = 
.706, 95% CI [.539; .820], b = 0.455, z = 2.54, p = .011) in 
the domain of music compared to all the other domains 
considered. These outcomes suggest that expert memory 
is qualitatively different in music, because such a large 
skill effect cannot be accounted for only by meaningful 
chunks of notes occurring by chance. Possibly, whilst 
experts in other fields base their superiority on a greater 
amount of small meaningful domain-specific structures 
stored in their long-term memory, expert musicians 
benefit from a retrieval structure specific for notes drawn 
in the musical stave, and able to explain such a strong 
correlation. 

 
Bayview B - 11:15  
 



ICMPC14 : JULY 5-9, 2016, SAN FRANSISCO, CA SATURDAY 

 

158  

 

Memory for melody: How previous 
knowledge shapes the formation 
of new memories 
Steffen Herff*, MARCS Institute; Kirk Olsen, 
MARCS Institute; Roger Dean, MARCS Institute, 
Western Sydney University 
Most memory domains show clear performance 
decrements as the number of intervening items between 
a stimulus’ first exposure and its reoccurrence increases. 
For example, spoken word recognition decreases as the 
number of additional intervening words increases 
between a target word’s first and second occurrence. 
However, using continuous recognition paradigms in the 
context of Western tonal music, our work demonstrates 
that this is not the case in memory for melody: the first 
intervening melody results in a significant performance 
decrement; however, every additional intervening 
melody does not impede melody recognition. We have 
replicated this observation multiple times using different 
melody corpora, implicit/explicit measurements, and up 
to 190 intervening melodies. To explain these results, we 
posit a model describing memory for melody as the 
formation of multiple representations that can 
regenerate one another; specifically, a representation of 
the melody as an integrated whole, and a representation 
of its underlying parts. The model predicts that removing 
a familiar musical context established by previous 
musical experience disrupts integration of melodies as a 
whole. In this case, decrements in recognition 
performance should be observed as the number of 
intervening melodies increases. This hypothesis was 
tested in the present study using novel melodies in a 
microtonal tuning system unfamiliar to participants. The 
study used the same continuous recognition paradigm 
that previously produced no effect of the number of 
intervening items in response to Western tonal stimuli. 
Results provide preliminary support for the model’s 
predictions and show that when presented with an 
unfamiliar tonal system, memory for melodies does 
indeed deteriorate as the number of intervening items 
continuously increases beyond immediate repetition. 
Overall, the results advance our understanding of 
memory mechanisms and pave the way for future work 
designed to predict melody recognition.  

 
Bayview B - 11:30  
 
Generality of the memory 
advantage for vocal melodies 
Michael Weiss*, University of Toronto; E. Glenn 
Schellenberg, University of Toronto; Sandra 
Trehub, University of Toronto Mississauga 
Adults (musicians and nonmusicians) and older children 
exhibit better memory for vocal melodies (without lyrics) 
than for instrumental melodies (Weiss et al., 2012, 
2015a, b), which implies processing advantages for a 
biologically significant timbre. Because previous studies 
used a single female vocalist, it is possible that something 
about her voice or about female voices in general 
facilitated melodic processing and memory. For example, 
a comparable advantage for female face recognition has 
been observed. In the present study, we compared 
adults’ memory for vocal and instrumental melodies, as 
before, but with two additional singers, one female 
(same pitch level as the original female) and one male (7 
semitones lower). Instrumental melodies were MIDI 
versions at the same pitch level as the corresponding 
vocal recording (i.e., male or female). (Previous research 
showed no memory differences for natural and MIDI 
versions.) During the exposure phase, participants rated 
their liking of 24 melodies (6 each in voice, piano, banjo, 
and marimba), with random assignment to one of three 
voices (n = 29, female from previous research; n = 32, 
new female; n = 29, male). After a short break, 
recognition memory was tested for the same melodies 
plus 24 timbre-matched foils (6 per timbre). A mixed-
model ANOVA and follow-up pairwise comparisons 
revealed better recognition memory for vocal melodies 
than for melodies in every other timbre (ps < .001), 
replicating previous findings. Importantly, the memory 
advantage was comparable across voices (i.e., no 
interaction, F < 1) despite the fact that liking ratings for 
vocal melodies differed by singer (i.e., original singer 
rated less favorably than the others). Our results provide 
support for the notion that the vocal advantage in 
memory for melodies is independent of the 
idiosyncrasies of specific singers and of vocal 
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attractiveness, arising instead from heightened arousal 
or attention to a biologically significant timbre. 

 
Bayview B - 11:45  
 
Musical Experience and Executive 
Function 
Brooke Okada*, Department of Psychology, 
University of Maryland; L. Robert Slevc, 
University of Maryland, Colleg 
Learning and performing music draws on a host of 
cognitive abilities; might musicians then have advantages 
in related cognitive processes? One likely aspect of 
cognition that may be related to musical training is 
executive function (EF). EF is a set of top-down processes 
that regulate behavior and cognition according to task 
demands (Miyake et al., 2000). Models of EF postulate 
three related, but separable components: inhibition, 
used to override a prepotent response; shifting, used to 
switch between task demands; and updating, used to 
constantly add and delete items from working memory.   
Musicians likely draw on EF; for example, using inhibition 
to resolve musical ambiguities, shifting to coordinate 
attention when playing with others, and updating when 
sight-reading music. Because of this, many studies have 
investigated whether music training is related to more 
general EF advantages. However, results from such 
studies are mixed and difficult to compare. In part, this is 
because most studies look at only one specific cognitive 
process, and even studies looking at the same process 
use different experimental tasks.  The current study 
addresses these issues by investigating how individual 
differences in all three EF components relate to musical 
training. By administering a well-validated EF battery of 
multiple tasks tapping each EF component and a 
comprehensive measure of musical training and 
sophistication (Müllensiefen et al., 2014), we can obtain 
reliable measures of individual differences in EF and 
musical experience.    Preliminary analyses (N=72, 
planned N=150) suggest that, although musical 
sophistication correlates with some EF tasks, these 
relationships do not persist after controlling for the 
potential confounds of general intelligence, socio-

economic status, and handedness. These results suggest 
that observed relationships between musical training and 
EF may instead reflect underlying differences in other 
factors such as IQ or SES.  
 

Symposium:  
 

Musical Development 4 
 
Marina -  11:00 

Overview: 

   
Factors Influencing Young 
Children’s Singing Development 
Steven Demorest*, Northwestern University 
The development of singing accuracy in children, and the 
relative role of training versus maturation, is a central 
issue for both music educators and those within music 
cognition. Singing ability is fundamental to children’s 
developing musicianship and one of the primary goals of 
early music education. Despite this focus, a number of 
people have difficulty singing accurately even into 
adulthood and many report feeling inadequate as singers 
despite having normal skills in other domains. 
Perceptions of inadequacy can deter both children and 
adults from participating in music education and music-
related activities. Is inaccurate singing a cognitive deficit 
or the result of a lack of proper music education? This 
symposium presents three controlled studies of factors 
that may influence young children’s singing 
development. The first experiment explored the impact 
of early childhood music instruction on the singing 
development of children before they enter school. The 
second experiment examined the impact of daily singing 
instruction on 5-6 year olds’ singing development in their 
first year of schooling. The third comparative study 
explored the role of instrumental training in singing 
accuracy of children age 5-12 years old. Taken together, 
this research can help to provide a picture of how singing 
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development may be facilitated by certain kinds of 
musical experience and how those experiences interact 
with age and gender. Understanding how children’s 
singing can be improved my shed light on some of the 
root causes of inaccurate singing and allow future 
generations to avoid some of the well-documented 
difficulties of adults who struggle with singing. 

 
Marina -  11:00   
 
The impact of early childhood 
music education on singing 
abilities. 
Sean Hutchins (McMaster University); 
Recent data show singing abilities can vary greatly in the 
adult population, and that several different factors can 
be involved in failure to sing in tune. However, the 
origins of singing ability (or difficulties) are poorly 
understood. Music educators often cite music education, 
especially in early childhood, as a key factor in 
developing this ability, but there is little in the way of 
acoustical data to support this assertion. In the present 
study, we aimed to test whether early childhood music 
education can improve singing ability, as assessed 
through acoustic measurements of intervallic accuracy. 
We tested two sets of children, aged 2.5 to 6 years. The 
first set (48 children) had taken weekly early childhood 
music education classes at The Royal Conservatory of 
Music for the past 24 weeks (as part of a larger, 
controlled study), the other set (61 children) had applied 
to take the same classes, but had been assigned to a 
control group (to receive the classes at a later time). In 
our testing session, children sang the alphabet song, in 
addition to several other musical and cognitive tasks. 
Acoustic analysis of their intervallic accuracy showed a 
significant interaction between Test Group (whether they 
had taken the lessons or not) and Gender, such that 
females in the lessons group made fewer interval errors 
that in those in the no lessons group. We also found 
improvement in accuracy across increasing age groups, 
which also interacted with gender. Singing ability also 
correlated with other factors as well. These results show 
some initial evidence that early childhood music 

education can have an impact on some singing abilities, 
which may be a precursor to better developed general 
musical skills throughout life.  

 
Marina -  11:30   
 
The effect of focused instruction 
on young children’s singing 
accuracy 
Steven Demorest (Northwestern University); 
Bryan Nichols (University of Akron); Peter 
Pfordresher (State University of New York at 
Buffalo); 
Singing is one of the most natural ways for a child to 
engage in making music and singing activities play a 
central role in elementary music curricula. While singing 
ability seems to improve naturally for many children, 
there are those who struggle to match pitch and are less 
inclined to participate in singing experiences. Are there 
approaches to early childhood music education that 
might promote the acquisition of singing skills and help 
children avoid these challenges later in life? We explored 
the effect of daily group singing instruction versus no 
formal instruction on the singing accuracy of 
kindergarten-aged children and whether singing accuracy 
performance differed across tasks. The treatment group 
(n = 41) received 20 minutes a day of group instruction in 
a Kodaly-based music classroom that emphasized the 
development of the singing voice in terms of tone, 
register, and accuracy for six months. The control group 
(n = 38) received no formal music instruction during the 
school day. Singing accuracy was measured both pre and 
post instruction by having participants echo single 
pitches, intervals and patterns sung by a recorded female 
non-vibrato vocal model and then sing Twinkle, Twinkle 
Little Star on their own. We found that all students 
showed improvement on the three echo-singing tasks 
from pre to post, but the experimental group 
demonstrated significantly more improvement. 
Performance on the familiar song task did not improve 
for either group. Students achieved the highest accuracy 
scores on the interval-matching task. Regular singing 
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instruction seems to accelerate the development of 
accurate singing for young children, but the 
improvement is not evident in every singing task. 
Accuracy on shorter echo-singing patterns seems to 
precede the development of accuracy in singing songs 
despite the fact that singing songs is a much more 
commonplace activity for young children.  

 
Marina -  12:00   
 
The impact of instrumental tuition 
on the development of children’s 
singing competency. 
J.A. Saunders (University College London); G.F. 
Welch (University College London); E.H. 
Himonides (University College London); M. 
Sarazin (Oxford University); V. Moulton 
(University College London); 
The paper presents findings from In Harmony 
instrumental programmes that provide sustained 
instrumental tuition for children (aged 5-12 years) in two 
Primary schools in the UK. As a government-funded 
programme, the In Harmony initiative in England is based 
on the El Sistema orchestral social and music programme 
in Venezuela and, as such, are located in urban schools 
characterised by challenging circumstances. The aim of 
the research evaluation was to assess particular features 
of musical behaviours and development, children’s 
attitudes to musical learning, and possible wider impact. 
Longitudinal data were collected via (a) specially 
designed questionnaire instruments for children that 
drew on different aspects of their experiences in music 
and of school life in general, (b) instrumental tutor 
reports on individual children’s instrumental learning and 
(c) individual singing assessments. During visits made to 
each school, a researcher listened to each child’s singing 
of two target songs and made a judgement as to the level 
of competency displayed against developmental criteria 
of two rating scales. The researcher’s ratings were 
combined and converted into a ‘normalised singing 
score’ (NSS). Subsequent analyses revealed that the NSS 
values ranged from 22.5 (chant-like singing) to a 

maximum of 100 (no obvious errors in the musical 
features of the songs). Comparisons of children’s NSS 
values were compared over time. Results indicate that 
whilst the main focus of the intervention was to support 
the development of instrumental skills, pupils entering 
the programme with significantly less developed singing 
competency (compared to children of a similar age and 
background in a national dataset of 11,000+ children) 
had made highly significant progress in their singing 
competency and were more in-line with children of the 
same age in the national dataset. This improvement was 
evidenced for both girls and boys, although sex 
differences were evidenced (in line with national and 
historical data) with girls being more developed than 
boys. The described measure of children’s singing 
represents one indicator of their musical behaviour and 
development. We hypothesize that the finding of 
significant improvements in children’s singing are likely 
to be, in part, related to the additional singing 
opportunities provided within the school week, but also 
to be an outcome of the auditory imagery or ‘inner 
hearing’ that occurs as a form of silent singing whilst 
children play their instruments, including when they play 
from musical notation. 
 

Symposium:  
 

History of Music Cognition 2 
 
Seacliff D -  11:00 

Overview: 

   
Perspectives on the History of 
Music Cognition 
Julene Johnson*, UCSF; Amy  Graziano , 
Chapman University ; Annabel Cohen, 
University of Prince Edward Is 
The field of music cognition has developed for 
approximately 150 years. However, extended discussion 
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of its origins and growth in a historical sense has 
emerged only recently. Investigating how and why music 
became one of the domains of brain research in the 
twentieth and twenty-first centuries can lead to a deeper 
understanding of psychology and cognitive science today. 
Exploring the roots of music research takes us back to the 
nineteenth century. Most music psychologists agree 
there was an increasing interest in music and brain in the 
late nineteenth century, particularly in the work of 
Hermann von Helmholtz and the beginnings of 
psychoacoustics. The late nineteenth century also saw 
the emergence of musicology, psychology and neurology 
as new fields of study. Literature in these areas shows 
that Helmholtz was not alone, but that in fact, 
researchers in all of these disciplines were interested in 
music and the brain. By the end of the nineteenth 
century, the study of music and brain had formed a 
separate identity within the fields of neurology, 
psychology and musicology. Many issues that were 
explored in the late nineteenth and early twentieth 
centuries have become part of twentieth-first century 
investigations in music cognition and in neuroscience:  
localization of music function, music impairments, 
perceptual and cognitive processing, the relationship 
between music and emotion. During the early and mid-
twentieth century, however, the field of music cognition 
did not continue to grow as rapidly as during the late-
nineteenth century. The first talk will focus on the 
contributions of neurologists to the study of music 
cognition in the late nineteenth century. The second talk 
will explore the overlapping interest of late nineteenth-
century neurologists, psychologists, and musicologists 
who shared an interest in music cognition. The final talk 
will focus on the impact of American Behaviorism on the 
field of music psychology during the early and mid-
twentieth century. 

 
Seacliff D -  11:00   
 
Nineteenth-Century Roots of 
Music Cognition: Influence of 
Neurology 
Julene Johnson (University of California San 

Francisco); Amy Graziano (Chapman 
University); 
The historical roots of the current interest in studying 
music and brain can be traced back to the second half of 
the nineteenth century when neurology and psychology 
were gaining momentum as respected fields.  During this 
time, music was used to examine and better understand 
higher cognitive functioning in persons with brain 
damage, particularly those with aphasia (i.e., difficulty 
speaking or understanding language). Early neurologists 
were fascinated by the paradox that some patients who 
were unable to speak could sing. This seemingly simple 
observation inspired decades of clinical inquiry about 
music and brain, and these early neurologists developed 
theories about how music was processed by the brain. 
The purpose of this talk is to summarize observations of 
music and brain through the eyes of three important 
nineteenth-century neurologists:  August Knoblauch, 
Hermann Oppenheim, and Jean-Martin Charcot. We used 
historical methods to review archival material. The 
presentation will discuss similarities and differences 
among these three figures.  Music played an important 
role in early thinking about cognition and brain and 
helped shape the emerging field of neurology.  After 
various music abilities were investigated over time and 
with different patients, it became apparent that music 
involved a complex cognitive system and brain functions. 

 
Seacliff D -  11:30   
 
Nineteenth-Century Roots of 
Music Cognition: Interdisciplinary 
Perspectives 
Amy Graziano (Chapman University); Julene 
Johnson (University of California San Francisco); 
As part of a new interest in how the brain processes 
music, prominent nineteenth-century neurologists began 
conducting investigations of music cognition in patients 
with neurological impairments.  After careful 
observations of many patients, these German, French 
and English scientists identified a new neurological 
syndrome referred to as “amusia”—a systematic 
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breakdown of musical abilities as a result of brain 
damage.  This led to discussion of localization of music 
function within the brain.  At the same time, 
investigations by psychologists and musicologists 
discussed similar concepts.  However, research by 
psychologists and musicologists followed a different path 
from the neurologists, one focused on multiple levels of 
sensory processing and mental representation.  The 
purpose of this talk is to summarize the work of 
nineteenth-century psychologists and musicologists who 
were interested in music and brain, in particular Carl 
Stumpf and Richard Wallaschek, and to discuss parallels 
with the work of contemporary neurologists (Knoblauch 
and Oppenheim, discussed in the first talk, and English 
neurologist John Hughlings Jackson).  We used historical 
methods to review archival material that reveals music 
played a greater role in nineteenth-century scientific 
thought within psychology and neurology than has been 
previously acknowledged.  

 
Seacliff D -  12:00   
 
The Impact of Behaviorism on the 
History of Music Psychology 
Annabel Cohen (University of Prince Edward Is); 
Today’s favorable climate for music psychology contrasts 
with the climate found within early and mid twentieth-
century American Behaviorism. Behaviorism was both a 
negative reaction to earlier decades that had founded a 
seemingly unproductive human introspective psychology 
and a positive reaction to the success of Pavlov’s learning 
laws derived through animal research.  Between 1913 
and 1975 (the cusp of the Cognitive Revolution), 
Behaviorism promoted the study of “objectively 
observable behavior”  and demoted studies of mind and 
imagery.  New laboratories for experiments with rats and 
pigeons created an atmosphere unconducive to music 
research.  A few researchers such as Carl Seashore 
soldiered on in the music realm. But PsycInfo reveals a 
dip in the number of papers referring to “music” (as 
compared to “psychology” and “behavior”, for example) 
during this Behaviorist period.  Several milestones mark a 
return to the legitimacy of music psychology. In 1969, 

Diana Deutsch published an article in Psychological 
Review entitled “Music Recognition, applying a 
hierarchical physiological model of feature detectors to 
account for melodic transposition”.  There followed 
under the editorship of George Mandler several more 
articles on music themes. In 1978, Roger Shepard 
organized a symposium on the cognitive foundations of 
music pitch at the annual meeting of the Western 
Psychological Association. It took place in this very hotel, 
introducing, to a standing-room-only crowd, Carol 
Krumhansl and the tonal hierarchy along with several 
other (then young) researchers active to this day.  Thus 
began the post-Behaviorism legitimacy of music 
cognition research. While this recognition eventually 
became more widespread, specialty journals sprang up.  
In spite of the downside to Behaviorism, music 
psychology benefited indirectly from Behaviorism’s rigor 
and developments in statistics. The historical context 
highlights the privilege it is to study music psychology in 
the current cognitive/neuroscience zeitgeist. 
 
 

Music & Language 5 
Session Chair: Psyche Loui 
 
Bayview A - 14:00  
 
Cross-domain pitch perception, the 
influence of native language  
Ao Chen*, Utrecht University; M. Paula 
Roncaglia-Denissen, University of Amsterdam; 
Drikus Roor, ; Makiko Sadakata,  
Language and music are both high-level cognitive 
domains that highly rely on prosody. While whether 
these two domains correlate has received much 
attention, the issue of whether experience may shape 
such correlation is under-investigated. To fill in the void, 
the current study explores pitch perception in both 
domains among listeners speaking different languages, 
and we ask the question whether language experience 
may influence the correlation between perception of 
pitch in speech and music. We tested Chinese-English, 
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Dutch-English, and Turkish-English non-musicians 
bilinguals on their sensitivity to pitch information in 
speech and music, with their English proficiency 
controlled for. Chinese is a syllable timed tone language, 
whereas Dutch and Turkish are stress timed, with Dutch 
have a predominantly strong-weak metrical structure 
and Turkish the opposite. For the speech domain, the 
listeners were tested on their discrimination of Chinese 
lexical tones. For the music domain, they were tested 
with the melody part of Musical Ear Test (MET), where 
they needed to discriminate between two melodic 
musical phrases. We found that no significant difference 
between the three groups for the lexical tone 
discrimination while, for the MET, the Chinese-English 
and Turkish-English listeners outperformed the Dutch-
English listeners. Importantly, for both the Dutch-English 
and the Turkish-English listeners, significant correlation 
was found between the lexical tone discrimination and 
the MET, whereas no such correlation was found among 
the Chinese listeners. Our results suggest that 1) knowing 
two prosodically different languages enhances musical 
pitch perception and 2) Unlike non-tone language 
listeners who perceive both lexical tones and musical 
pitch psycho-acoustically, tone language listeners 
perceive their lexical tones phonemically, and they seem 
to “split” lexical tones from other non-phonemic pitch 
variations, resulting in the lack of cross-domain 
correlation.  

 
Bayview A - 14:15  
 
Analyzing linguistic intonation 
using the Implication-Realization 
model 
Alfred Cramer*, Pomona College 
Regardless of approach to intonation and prosody, 
linguists often call intonational patterns “tunes”: much as 
in song, pitch motion in intonational languages serves as 
a cohesive form for spoken utterances. The particular 
melodic character of intonation suggests Narmour’s 
Implication-Realization model (IR; 1990, 1992, 2015) as a 
promising framework for study, because the 
fundamental parameters of IR are consistent with those 

of intonation. In IR, melodies are parsed hierarchically 
into structures (segments) as the result of scaled changes 
in size and direction operating in many parameters, most 
fundamentally pitch interval, duration, and loudness. (IR 
treats specifically musical parameters such as scale step 
as top-down.) The goals of this theoretical presentation 
are (a) to demonstrate a method developed by the 
author for applying IR to prosody, (b) to clarify the 
relative significance of pitch and other parameters in 
intonation as compared to music, and (c) to develop IR 
by exploring its explanatory potential. The computer-
aided method parses spoken utterances whose pitch 
contour has first been converted to a stylized series of 
steady pitches. In the presentation, analyses involving 
various languages will show that IR is able to account for 
intonational phenomena including: the intersecting use 
of pitch, duration, and other parameters to mark 
prosodic features; the operation of intonational features 
on levels from syllable to phrase to discourse; and the 
intonational conveyance of information structure. The 
analyses presented point to phonological processes 
shared by music and language. This suggests a need for 
future investigation that includes study of speech-song 
hybrids such as Schoenberg’s sprechmelodie, Sondheim’s 
parlando, and rap music.  In addition, it suggests a need 
for more attention to IR’s claims about matters other 
than melodic expectation. 

 
Bayview A - 14:30  
 
Acoustic and musical foundations 
of the speech/song illusion 
Adam Tierney*, Birkbeck, University of London; 
Aniruddh Patel, Tufts University; Mara Breen,  
In the ‘speech-to-song illusion’, certain spoken phrases 
sound like song when isolated from context and played 
repeatedly. Previous work has shown that this perceptual 
transformation occurs more readily for some phrases 
than others, suggesting that the switch from speech to 
song perception depends in part on certain cues. We 
conducted three experiments to explore how stimulus 
characteristics affect the illusion. In Experiment 1, we 
presented 32 participants with a corpus of 24 spoken 
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phrases which become more song-like when repeated 
and 24 spoken phrases which continue to sound like 
speech when repeated. After each of 8 repetitions 
participants rated the extent to which the phrase 
sounded like song versus speech. Regression modeling 
indicated that an increase in song perception between 
the first and eighth repetitions was predicted by a) 
greater stability of the pitches within syllables, b) a 
better fit of average syllable pitches to a Bayesian model 
of melodic structure, and c) less variability in beat timing, 
as extracted by a beat-tracking algorithm. To investigate 
whether pitch characteristics play a causal role in the 
speech-to-song transformation, we elicited ratings of the 
stimuli from Experiment 1 after manipulating them to 
have larger pitch movements within syllables 
(Experiment 2, n = 27) or to have average pitches of 
syllables which resulted in poorer melodic structure 
(Experiment 3, n = 31). Larger pitch movements within 
syllables did not decrease the size of the illusion 
compared to Experiment 1; however, the illusion was 
significantly weaker when the intervals between pitches 
were altered. These results suggest that the strength of 
the illusion is determined more by pitch relationships 
between than within syllables, such that phrases with 
pitch relationships between spoken syllables that 
resemble those of Western tonal music are more likely to 
perceptually transform than those that do not. 
 
 

Music & Emotions 3 
Session Chair: Michael Schutz 
 
Bayview B - 14:00  
 
Rehearing music: schematic and 
veridical expectancy ratings in 
adults 
Hayley Trower*, University of Roehampton; 
Adam Ockelford, University of Roehampton; 
Evangelos Himonides, Institute of Education; 
Arielle Bonneville-Roussy, University of 

Roehampton 
The generation of expectations is integral to the 
perception and cognition of music; however, the 
common practice of rehearing music tends to be 
overlooked. A key question pertaining to expectations 
that arise from rehearing is: if the violation of 
expectations communicates emotional pleasure, why 
does this continue to happen even when the listener 
knows what is going to come next? The answer may be 
that there exist two forms of expectation; schematic 
(learned from an individual’s lifelong exposure to music, 
and always hears music as though for the first time) and 
veridical (concerning specific memory for a piece or 
phrase). The role of veridical expectations is downplayed 
in the literature, despite the intuition that music is often 
simultaneously surprising and unsurprising. The purpose 
of the present research is to utilise a continuous 
response methodology to provide empirical support for 
the theory that two independent forms of expectation 
are engaged during listening to familiar music.  In a 
within-subjects experiment, 30 adult musicians and non-
musicians gave note-by-note expectancy ratings in 
response to a 4 x repeated melody. As participants were 
led to believe that each melody was different, an 8 note 
distractor was heard between each repetition. 
Participants rated by moving their finger along a touch 
sensitive controller known as a Continuous Response 
Measurement Apparatus or CReMA. An identical 
experiment was repeated 1 week later. Results support 
the hypothesis that 2 forms of expectation are activated 
during music listening. With each melody repetition, 
participants show a systematic increase in expectedness, 
yet the pattern of expectation remains intact. This 
finding suggests that veridical expectations are not 
supressed by schematic expectations; rather there is a 
dynamic relationship that alters with each new hearing 
of a piece of music which enables the listener to 
repeatedly enjoy a piece of music through the co-
existence of two memory systems. 

 
Bayview B - 14:15  
 
Pleasurable music is serious, 



ICMPC14 : JULY 5-9, 2016, SAN FRANSISCO, CA SATURDAY 

 

166  

 

exciting and bodily experienced, 
while pleasurable visual objects 
are light, calming, and 
aesthetically pleasing 
Johanna Maksimainen*, University of Jyvaskyla; 
Suvi Saarikallio, University of Jyväskylä 
This study is part of a research project exploring the 
emotional-motivational constitution of everyday 
pleasure in music and visual modalities. Here we aimed 
to identify the perceived object characteristics and 
features of emotional responsiveness constituting the 
experience of pleasure in music in comparison to visual 
objects. An online survey (N=464) was used to collect 
ratings on these aspects. The results showed that 
pleasurable music was perceived as serious, rebellious, 
mystical, bold, heavy, exciting, energetic, restless, and 
sensual; in contrast, pleasurable visual objects were 
characterized as playful, funny, conventional, down to 
earth, discreet, light, calming, calm, tranquil, and non-
erotic. Furthermore, emotional reactivity to music was 
characterized by strong emotional reactions, increased 
attention, and bodily experience, while emotional 
reactivity in visual objects was particularly characterized 
by aesthetic experience. The study provides novel 
information about individuals’ emotional, pleasure-
related attachment to distinct modalities in daily life, 
laying foundations for the theorization of how people 
perceive information obtained through these modalities. 

 
Bayview B - 14:30  
 
Brazilian children’s emotional 
responses to Wagner’s music 
Patricia Vanzella*, University of Brasília; Paulo 
Andrade, Colégio Criativo; Olga Andrade, 
Colégio Criativo; E. Glenn Schellenberg, 
University of Toronto 
Music induces emotions and influences moods. Mode, 
tempo, loudness, and complexity have systematic 
associations with specific emotions. In previous research 

on children’s sensitivity to emotional cues in music, 
however, real music has rarely been used. Participants 
were children (7-10 years of age, n = 195) recruited from 
a private school in Brazil, adult musicians (n = 57), and 
adult nonmusicians, (n = 51). The adults were students at 
Brazilian universities. The task required participants to 
match emotion labels (e.g., happiness) with 1-min 
instrumental excerpts taken from Wagner’s operas. Eight 
instrumental excerpts, from five operas, were selected so 
that they varied systematically in terms of arousal and 
valence, and so that two came from each quadrant of 
emotion space as defined by the circumplex model. 
Excerpts were presented to groups of participants over 
speakers. For each excerpt, listeners chose one emotion 
from a set of eight emotion words that varied identically 
in terms of arousal and valence (happy, elated, loving, 
peaceful, angry, fearful, sad, and distressed). Emoticons 
were presented with each emotion term to make the 
task easier for children. Responses were considered 
correct if the word and excerpt were in the same 
quadrant. Children’s performance greatly exceeded 
chance levels and matched that of adult nonmusicians. 
There was also monotonic improvement as a function of 
grade level, and musicians outperformed nonmusicians 
and children. Group differences arose primarily from the 
ability to match words and music on the basis of valence 
cues. Sensitivity to arousal cues varied little across 
groups or grades. Thus, even 7-year-olds are capable of 
making consistent emotional evaluations of complex 
music. The results imply that such music could be used 
more frequently with young children to provide an 
enriched musical environment. 

 
Bayview B - 14:45  
 
The relative contributions of 
composition and visual and 
auditory performance cues to 
emotion perception: Comparing 
piano and violin performances 
Marc Thompson*, University of Jyväskylä; 
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Jonna Vuoskoski, Oxford University; Eric Clarke,  
Visual and auditory performance cues, as well as 
structural features of the music, can all communicate 
emotional information to observers. However, little is 
known about the relative contributions of these 
components to emotions perceived in music, or whether 
the relative contributions change across different 
instruments. In two experiments, we systematically 
varied the emotion conveyed by the structural features 
of the music, as well as the emotional expression 
communicated by the performer. In Experiment 1, a 
pianist performed four short pieces (sad, happy, scary, 
and tender-sounding) with four different expressive 
intentions: sad, happy, angry, and deadpan. The body 
movements of the pianist were tracked using optical 
motion capture. Subsequently, 31 participants rated the 
emotions that they perceived in the performances in 
audio-only, video-only, and audiovisual rating conditions.  
In Experiment 2, we replicated the experimental design 
using violin performances (violin performed the melody 
from the same four short pieces) with 34 different 
participants. To investigate the possible influence of 
visual performance cues on emotion perception in the 
audiovisual rating condition, the four deadpan audio 
tracks were paired with motion capture animations 
representing the four different emotional expressions (of 
the same piece). A time-warping algorithm was applied 
to the motion capture animations so that the audio and 
video would appear synchronized. The ratings from each 
study were analyzed using repeated-measures ANOVAs. 
Our presentation focuses on how emotion ratings change 
depending on which instrument is being observed. For 
instance, in the video-only condition, participants 
viewing the piano stimuli accurately recognized the 
emotional expression conveyed by the performer, but 
those viewing violin stimuli confused emotional 
expressions. The varying results suggest that pianists and 
violinists convey emotional information in different ways 
to observers.  
 
 

Aesthetic Perception & 
Response 3 
Session Chair: Erkki Huovinen 

 
Marina - 14:00  
 
Relationship between personality 
and music genres of Macau youth  
Wanfong Viny Hui*, University of Macau 
The correlation between human personality traits and 
how people appreciate a specific music genre has been 
supported by a few Western studies. The present study 
intended to examine the same issue, with Macau as the 
setting, by adopting the Big Five Inventory to measure 
the association between personality and music genres. 
The secondary focus of this study was to conceptualize 
how Macau students define the music that they enjoy. A 
total of 130 Macau undergraduates aged 18–25 
participated in the survey, which contained 50 items in 
the Big Five Inventory and an open-ended item, which 
asked the participants to name two music genres that 
they like. Ten music genres (soothing, band, 
instrumental, folk, jazz, acoustic, R&B, classical, pop, and 
religious) were identified by manually grouping the 
responses to the open-ended questions. ANOVA tests 
were performed to compare genre preference and 
personality. The participants generally exhibited a wide 
range of preferences, and their personality traits were 
more or less mixed, resulting in the finding that no 
significant differences exist among personality traits and 
genres. This may be due to the lack of variety in the 
educational system that they grew up with.  According to 
Spearman’s rho correlation analysis of personality traits 
and genres, no significant correlations exist between the 
two types of variables. This result echoes the means 
difference results with the same explanation. As for the 
open-ended item, as expected, some did not follow the 
common labels; they used “relax,” “soothing,”  “light” 
and other terms relating to the effect of music on their 
moods. These answers may show that some listeners are 
more concerned about the immediate effect of music on 
their listening experience and not on the classification of 
music genres. Therefore, using traditional music labels to 
reflect the preference of listeners toward a wide and 
inconsistent system of music genres may be imprecise.  
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Marina - 14:15  
 
The Catchiness Phenomenon: 
genre-specific preferences for 
music 
Julia Klein, Cornell University; Carol Krumhansl*, 
Cornell University 
Short, looping segments of very catchy songs that 
spontaneously come to mind are known as earworms 
(Williamson, 2012). It has been estimated that over 90% 
of people experience this type of involuntary musical 
imagery (INMI) every week (Liikkanen, 2012a). Despite 
our understanding of the incidence of INMI, less is known 
about specific underlying musical qualities of earworms, 
or more broadly, what qualities make a song catchy and 
likely to become an earworm. This research considered 
what musical qualities make music catchy, using our 
knowledge of how familiarity and liking play a role in 
determining musical preferences. The first study 
investigated the “catchiness” of the top Billboard year-
end hits from 1910-2009 and aimed to identify musical 
features associated with “catchiness”. After adjusting for 
the strong relationship between catchiness and 
familiarity, three musical factors exhibited the strongest 
relationship with catchiness: tempo, harmonic 
complexity (measured as the number of different chords 
in the chorus/hook), and the incidence of chain rhyming 
in the chorus/hook. A follow up study was conducted to 
explore if these three factors still hold in unfamiliar 
musical stimuli, with a particular focus on genre to 
determine if these preferences are genre-specific. Results 
indicated different patterns of preferences across the 
five genres studied (Country, Hip-Hop, Pop, R&B and 
Rock). The current study concludes that the musical 
qualities that make a song catchy, and therefore more 
likely to become an earworm, tend to make songs easier 
to sing, making them intrinsically more memorable.  

 
Marina - 14:30  
 
Neurophysiological and behavioral 

measures of musical engagement 
Blair Kaneshiro*, Stanford University; Duc 
Nguyen, Stanford University; Jacek 
Dmochowski, City College of New York; Anthony 
Norcia, Stanford University; Jonathan Berger, 
Stanford University 
Inter-subject correlations (ISCs) of cortical responses 
have been shown to index audience engagement with 
narrative works. In parallel lines of research, continuous 
self-reports and physiological measures have linked 
listener engagement and arousal with specific musical 
events. Here we combine EEG-ISCs, physiological 
responses, and continuous self-reports to assess listener 
engagement and arousal in response to a full-length 
musical excerpt. The temporal resolution of these 
measures permits connections to be drawn among them, 
and also to corresponding musical events in the stimulus. 
Simultaneous 128-channel EEG, ECG, and respiratory 
inductive plethysmography were recorded from 13 
musicians who heard the first movement of Elgar's E-
Minor Cello Concerto in original and reversed conditions. 
Continuous self-reports of engagement with each 
excerpt were collected in a separate listen. ISCs of EEG 
responses were computed in the subspace of its 
maximally correlated component. Temporally resolved 
measures of activity and synchrony were computed from 
heart rate, respiratory rate, respiratory amplitude, and 
continuous behavioral responses. Results indicate that all 
but one of the response measures (heart rate activity) 
achieves statistical significance over the course of the 
original excerpt. Furthermore, regions of statistical 
significance can be linked to salient musical events. 
Finally, activity and synchrony of a given physiological or 
behavioral response at times occur in alternation, 
highlighting the utility of considering both measures. 
These findings constitute a first step toward relating EEG-
based measures of engagement to physiology and 
behavior, while also helping to further disentangle 
engagement and arousal. 

 
Marina - 14:45  
 
Freestyle lyricism expertise in 
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auditory rhyme processing  
Keith Cross*, Stanford University; Takako 
Fujioka, Stanford University 
This study uses electroencephalography (EEG) to 
determine how neural functions for auditory rhyme 
processing are related to expertise in freestyle lyricism, a 
form of Hip-Hop rap improvisation involving the 
spontaneous composition of rhyming lyrics. Previous 
event-related potential studies have shown that rhyming 
congruency is reflected in the phonological N400 
component, and that musical expertise affected a 
difference between technical and aesthetic judgments 
for musical stimuli, as reflected in the contingent 
negative variation (CNV) component before the critical 
moment. Here, we asked expert freestyle lyricists and 
laypersons to listen to pseudo-word triplets in which the 
first two words always rhymed while the third one either 
fully rhymed (e.g., STEEK, PREEK; FLEEK), half-rhymed 
(e.g., STEEK, PREEK; FREET), or did not rhyme at all (e.g., 
STEEK, PREEK; YAME).  For each trial, upon hearing the 
third word, participants had to answer one of two types 
of questions: one aesthetic (do you ‘like’ the rhyme?) and 
one descriptive (is the rhyme ‘perfect’?). Responses were 
indicated by a button-press (yes/no).  Rhyme effect was 
investigated as the difference between full-rhyme and 
non-rhyme conditions, and was measured beginning 
from the vowel onset of the critical word. Rhyme effects 
were observed as a fronto-central negativity, strongest in 
left and right lateral sites in lyricists; this effect was 
highly left-lateralized in laypersons. A stronger CNV to 
the ‘perfect’ task towards the third word was observed 
for both lyricists and laypersons, which suggests that 
determining whether rhymes are perfect requires more 
exertion than making aesthetic judgments of rhyme. This 
task effect was observed in lyricists over fronto-central 
electrode sites while appearing at the midline for 
laypersons. The results indicate that expertise in freestyle 
lyricism may be associated with more expansive and 
bilateral neurocognitive networks for processing of 
rhyme information. 
 
 

Music Performance 5 
Session Chair: Neta Spiro 

 
Seacliff D - 14:00  
 
The role repertoire choice has in 
shaping the identity and 
functionality of a chamber music 
ensemble 
Alana Blackburn*, University of New England 
As we move through the 21st century, a variety of 
chamber music ensembles emerge. More unconventional 
ensembles are appearing, and the rationale of an 
ensemble’s aim or output is becoming more 
concentrated. No longer can a group be described simply 
as an ‘early music ensemble’ or ‘new music ensemble’, 
but to find a niche in the ever growing number of small 
to medium groups, ensembles are becoming more 
definitive by nature. Through developing a unique 
approach to performance practice, group identity, and 
audience perception, the ways in which an ensemble 
prepares for a performance is determined by a number 
of aspects. This paper explores repertoire choice as a 
contributing factor to the successful operation of a 
chamber music ensemble. Part of a larger study on the 
processes of chamber music ensembles, this paper 
focuses on the life experiences of three professional 
chamber musicians actively involved in chamber music 
performance, and specifically focuses on the functions 
and meaning of a group’s repertoire choice in the 
creative and organizational process of a musical group. 
The study uses a qualitative framework and 
Interpretative Phenomenological Analysis of three semi-
structured interviews as case studies to analyze and 
describe the meaning of the impact repertoire has on 
group process, aims and performance. The findings 
identify the key functions of repertoire choice from a 
performer and audience perspective including the 
functionality of the ensemble, verbal and non-verbal 
communication between players and audience, and the 
artistic goals and outcomes of the group. The study 
highlights the sociological importance of the relationship 
between repertoire and group process, and the need for 
practicing musicians to fully understand the significance 
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this has on the success of an emerging and/or 
established ensemble. 

 
Seacliff D - 14:15  
 
Negotiating incongruent performer 
goals in musical ensemble 
performance 
Jennifer MacRitchie*, Western Sydney 
University; Andrea Procopio, Western Sydney 
University; Steffen Herff, Western Sydney 
University; Peter Keller, Western Sydney 
University 
In examining sensorimotor synchronization in an 
ensemble context where individual goals may differ, we 
explored how performers negotiate differences in tempo 
and dynamics instruction in consecutive performances to 
achieve a successful performance. Differences in 
synchronization for incongruent/congruent goals (I/C) as 
well as tempo/dynamics (T/D) instruction were 
measured. 14 pairs of pianists performed four Bach 
chorale reductions (each 12 bars) in four conditions 
(CT,CD, IT,ID), one tempo and dynamics condition for 
each score. After an initial two bars of steady 
tempo/dynamic level, instructions were realized as 
alternating increases/decreases across two bar blocks, 
repeating over the remaining 10 bars. Incongruent 
instructions were realized as an increase in 
tempo/dynamics for one part with a simultaneous 
decrease in tempo/dynamics for the other part. For each 
condition, pairs gave four consecutive performances, 
counted in with a metronome. Pianists sat back to back 
and performed ‘mechanical’ readings of the score to 
obtain a baseline measure of asynchrony. Mean absolute 
asynchrony values for each condition showed that, as 
expected, performers synchronized better in congruent 
vs incongruent instructions, with linear improvements 
across consecutive performances. Generalised mixed 
effect models successfully predicted the congruency in 
the tempo conditions using the correlation coefficient of 
the each performer’s inter-keystroke intervals compared 
against their “ideal” performance. In the dynamic 

conditions, the model also showed the correlation 
between the two performers’ key velocities to be 
significant. Effects of musical expertise and ensemble 
experience are also discussed. These differences in 
tempo and dynamics results suggest that ensemble 
performers will not unilaterally use information 
regarding each others’ actions to coordinate a successful 
performance. 

 
Seacliff D - 14:30  
 
Limited Evidence for an Evaluation 
Advantage for Performance Played 
from Memory 
Reinhard Kopiez*, Hanover Music Lab, Hanover 
University of Music, Drama and Media; Anna 
Wolf, Hanover University of Music; Friedrich 
Platz, University of Music Stuttgart 
Playing by heart has a long tradition in music 
performance (Chaffin, Logan & Begosh, 2009) and the 
performance without a visible score or music stand is 
often regarded as a hallmark of virtuosity. In a pioneering 
study, Williamon (1999) investigated the influence of 
playing by memory on the audience’s audio-visual 
performance evaluation. In our replication study we took 
up the work by Williamon (1999) and reviewed his 
hypothesis that when players perform “by heart”, they 
receive a better evaluation by the audience than when 
they require a visible music stand for their performance. 
In addition, we assumed that the positive influence of 
playing from memory is more pronounced in musically 
sophisticated observers (Lehmann & Kopiez, 2013). Two 
works for violoncello solo by J. S. Bach were recorded on 
video. For the experimental stimuli, the audio track was 
kept constant while the visual component (with / without 
music stand) was modified. This means, the performer 
only pretended to play from score. A 2 × 2 between 
subjects design with the factors Performance (playing 
from memory vs. with the score) and Participant’s 
Degree of Musical Sophistication (high vs. low) was used. 
An online experiment (N = 471 participants) was 
conducted to investigate the persuasiveness of the 
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audio-visual recordings. Analyses of the items for the 
performance evaluation were conducted by means of 
Item Response Theory resulting in a Rasch valid, one-
dimensional 3-item “Performance Evaluation Scale” 
(PES). A t-test revealed a small effect size (d = 0.27) for 
the main condition with/without music stand. We 
assume that performance from the score is often 
confounded with a player’s supposed lack of technical 
proficiency -– which was also the case in Williamon’s 
(1999) study.  

 
Seacliff D - 14:45  
 
Are visual and auditory cues 
reliable predictors for determining 
the finalists of a music 
competition? 
Friedrich Platz*, University of Music Stuttgart; 
Reinhard Kopiez, Hanover Music Lab, Hanover 
University of Music, Drama and Media; Anna 
Wolf, Hanover University of Music; Felix 
Thiesen, Hanover Music Lab, Hanover Uni 
Judgments of music performance can be explained as the 
result of a performers’ impression formation within a 
music-related persuasion framework (Lehmann & Kopiez, 
2013). Based on this theoretical framework, a recent 
study by Tsay (2013) has investigated the influence of 
visual information on the successful prediction of the 
winner of a piano competition. The author concluded 
that an above-chance correct identification of music 
competition winners relied solely on the visual 
presentation and was not improved in other presentation 
modes. However, the author’s generalizations were 
based on non-standardized music performances. We 
therefore conducted a replication study with the aim to 
investigate the participants’ discrimination sensitivity for 
the correct identification of a music competition’s 
finalists. In contrast to Tsay (2013), but in line with Platz 
and Kopiez (2012), judgments of an audio-visual music 
performance were expected to show better evaluations 
when compared to other presentation modes. 

Standardized performances of 3 semi-finalists and 3 
finalists of an international violin competition were 
recorded on video. Stimuli were prepared in 3 
presentation modes (audio-only, audio-visual and video-
only) with a duration of 6 s. In an Internet experiment 
with a one-way between-subjects design, participants’ 
discrimination sensitivity was measured by means of SDT 
(Macmillan & Creelman, 2005). A Hierarchical Bayesian 
approach with multiple comparisons (Kruschke, 2015) 
was applied to analyze response behavior as a function 
of presentation mode. Participants in the audio-visual 
presentation mode showed the highest discrimination 
sensitivity when compared to the other conditions. 
Following from that, Tsay’s (2013) findings were not 
replicated. We therefore conclude that the visual 
component of music performance has been 
overestimated in recent studies investigating audience's 
response behavior within strategic decision-making 
situations. 
 
 

Music & Language 6 
Session Chair: Ao Chen 
 
Bayview A - 15:00  
 
Finding the beat in poetry: The 
role of meter, rhyme, and  lexical 
content in speech production and 
perception 
Benjamin Schultz*, Maastricht University; Sonja 
Kotz, Maastricht University 
Poetry is an artistic form of communication that can 
contain meter, rhyme, or lexical content. We examined 
how the temporal regularity of spoken German poetry 
varied as a function of these features. Using a beat 
tracker that was previously used to measure speech rate 
based on moments of acoustic stress, we examined how 
stress rate and variability were influenced by meter, 
rhyme, and lexical content during read poetry 
performances. Theories of cognitive fluency state that 
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less cognitively demanding tasks are performed more 
quickly and less variably than more cognitively 
demanding tasks. Based on evidence  that meter, rhyme, 
and lexical words would increase cognitive fluency, we 
hypothesized that the stress rate would be faster and 
less variable for: 1) poems with an implied meter 
compared to those without, 2) rhyming poems compared 
to non-rhyming poems, and 3) poems with lexical words 
compared to pseudo-words. A German poet performed 
poetry readings consisting of single phrases where the 
written stanzas varied in meter (meter, no meter), rhyme 
(rhyme, no rhyme), and lexical content (lexical words, 
pseudo words). Recordings were subjected to beat 
tracking analyses that yielded the mean and standard 
deviation of the inter-beat intervals for each stanza 
measuring the stress rate and variability, respectively. In 
line with our hypothesis, poems with a meter were 
spoken at a faster rate and with less variability than 
poems without meter (ps<.001). Bayes factor t-tests 
revealed substantial evidence for the null hypothesis 
indicating no difference in stress rate or stress variability 
for the factors rhyme and lexical content. Results indicate 
that, during readings of poetry, meter increases stress 
rate and decreases variability, suggesting that an implied 
meter may increase cognitive fluency. However, rhyme 
and lexical content do not influence stress rate or 
variability. The perception of the poetry readings will be 
examined using recollection tasks and EEG recordings. 

 
Bayview A - 15:15  
 
Vowel perception by congenital 
amusics 
Jasmin Pfeifer*, University of Amsterdam; Silke 
Hamann, University of Amsterdam 
Congenital amusia is a neurodevelopmental perception 
disorder that has mostly been investigated in regard to 
difficulties in music perception (Peretz et al. 2002). 
Recent studies, however, show that amusics also have an 
impaired perception of language, e.g. difficulties in 
differentiating intonation (i.e. the rise and fall of pitch 
over a phrase; Patel et al. 2008) or lexical pitch contrasts 
in tone languages (such as Mandarin; Liu et al. 2015) .  

The present study tests German amusics’ perception of 
vowels, focusing on durational and qualitative (i.e. 
spectral) characteristics. We hypothesize that vowel pairs 
with small differences in duration or quality are difficult 
to discriminate by amusics, and that amusics employ a 
different cue weighting of spectral and durational cues 
compared to normal listeners. Furthermore, we 
hypothesize that amusics have severe problems 
perceiving vowel differences if these are presented with 
a short inter-stimulus interval (ISI), as amusics have 
shown problems with rapid auditory temporal processing 
(Williamson et al. 2010).  We tested this with vowel 
stimuli synthesized on the basis of the German front mid 
vowels /e:/ (long and tense) and /ɛ/ (short and lax): By 
varying the spectral (tense vs. lax) as well as durational 
information (long vs. short), we created four separate 
continua  (see e.g. Boersma & Escudero 2005). These 
continua were used in a counterbalanced AXB task, 
where the ISI was once 0.2 s and once 1.2 s.  Preliminary 
findings show that the amusics’ overall performance is 
worse than that of the controls, and that they have 
severe problems with an ISI of 0.2 s (almost chance 
performance).  This study thus supports earlier findings 
that amusia is not music-specific but affects general 
auditory mechanisms that are also relevant for language. 
In addition, it shows that these impairments affect the 
perception of vowel quality and duration.  

 
Bayview A - 15:30  
 
A tool for the quantitative 
anthropology of music:  Use of the 
nPVI equation to analyze rhythmic 
variability  within long-term 
historical patterns in music  
Joseph Daniele*, UC Berkeley 
The development of musical style across time and 
geography is of particular interest to historians and 
musicologists yet quantitative evidence to support these 
trends has been lacking. This presentation will illustrate a 
novel application of the nPVI (‘normalized pairwise 
variability index’) equation to probe and quantify the 
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rhythmic components of music over time. The nPVI 
equation quantifies the average difference between 
adjacent events in a sequence (e.g. musical notes in a 
melody, successive vowels in a spoken sentence). 
Building upon an earlier finding that German/Austrian 
composer nPVI values increased steadily from 1600 to 
1950 (while Italian composers showed no such increase), 
the nPVI ‘distribution’ of themes from individual 
composers was quantitatively explored. Interestingly, the 
proportion of ‘low nPVI’ or ‘Italianate’ themes decreases 
rapidly with time while ‘high nPVI’ (more Germanic) 
themes concomitantly increase in frequency. ‘Middle 
range nPVIs’ exhibit a constant incidence, arguing for a 
replacement of ‘low nPVIs’ (Italianate) with ‘high nPVIs’ 
over a short time instead of a more modest, long-term 
progressive shift. Thus, the precise rhythmic components 
of complex stylistic shifts in music can be quantitatively 
extracted from music and support the historical record 
and theory. 
 
 

Music & Emotions 4 
Session Chair: Tan-Chyuan Chin 
 
Bayview B - 15:00  
 
Building an expressive 
performance 
Shawn Michael Condon*, University of 
Jyväskylä 
Emotional expressivity in performance requires singers to 
employ a careful balance of creativity, personal 
experience, and empathy.  For audience members, the 
combination of these three elements can determine the 
overall success of a singer’s performance. The 
significance of emotional expressivity in performance is 
generally accepted, but in educational settings is it often 
overlooked due to its intangible nature.  This study 
examines the techniques used by vocalists when 
preparing a performance, from their first experiences 
with unfamiliar music and throughout the rehearsal 
process, until their final performance.  Participants were 

enrolled in classical music programs at universities in the 
United States, Hong Kong, Finland, and Ireland.  Survey 
responses were both qualitative and quantitative.  
Qualitative data was analyzed using thematic analysis in 
four categories: creating an expressive performance, 
defining expressivity, emotions in performance, and 
evidence of expressivity.  The study identified individual’s 
preferences for pedagogical methods and when specific 
expressive methods were used during the rehearsal 
process. During performance preparation, the performer 
is engaged two distinct phases; a learning phase 
characterized by methods for familiarization and building 
connections and a performance phase characterized by 
greater attention to their outward appearance, 
communicative expressivity, and emotional engagement. 
A clearer understanding of the development of 
emotional expressivity can inform pedagogical 
methodology and assist in more easily incorporating 
teaching styles that discuss emotional expressivity. 

 
Bayview B - 15:15  
 
The role of perceived exertion in 
models of continuously perceived 
affect in response to music: 
Investigating the ‘FEELA’ 
hypothesis 
Kirk Olsen*, Western Sydney University; Roger 
Dean, MARCS Institute, Western Sydney 
University 
Time-series modeling of perceived affect in response to a 
range of instrumental and sound based music has shown 
that continuously perceived arousal, and to a lesser 
extent valence, are well modeled when predictors 
include listener engagement, perceptual loudness, and 
acoustic factors such as intensity and spectral flatness. A 
‘FEELA’ hypothesis has been proposed to explain 
processes underlying production and perception of affect 
in music: FEELA suggests a chain of contributing factors 
such as the Force and Effort (realized here throughout as 
physical exertion) required for a performer to produce a 
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musical sound, the Energy of the resulting sound 
(realized as acoustic intensity), and the experience of the 
listener in the form of perceived Loudness and Arousal. 
The present study investigated the early portions of this 
process by asking whether listeners’ continuous 
perception of physical exertion required to produce 
music from a range of genres contributes to and 
strengthens previous time-series models of perceived 
affect. An analysis of factors in the perception of exertion 
in the context of eight excerpts of Classical and 
Electroacoustic music was first undertaken. Results 
showed that acoustic intensity, perceived source 
complexity, and event density contributed in varying 
degrees to the perception of exertion. When all four 
factors were included in time-series models of affect, 
results showed that non-musicians' perception of 
exertion required to produce Classical or Electroacoustic 
music is pertinent to the perception of arousal, but only 
when human agency is apparent. With the more abstract 
sound-sculpted electroacoustic pieces of music where 
human agency is not always apparent, listeners could 
identify exertion when required, but it was not influential 
in their perception of arousal. 

 
Bayview B - 15:30  
 
New integrative model of musical 
affect regulation 
Margarida Baltazar*, University of Jyväskylä; 
Suvi Saarikallio, University of Jyväskylä 
Research on music uses has shown that regulation 
functions are transversely present across affect 
dimensions (e.g., emotions, energy levels, motivation) 
and populations. Nevertheless, a recent literature review 
(Baltazar & Saarikallio, submitted) revealed that no 
comprehensive model for the phenomenon exists and 
that music use is not equally studied across the affective 
dimensions. The current study aimed to empirically 
explore and clarify how contextual and individual factors, 
music features, affective goals, tactics, strategies, and 
mechanisms interact in the regulation process in order to 
develop a new model for musical affect regulation. Data 
were collected through an online survey, filled by 571 

participants aged between 13 and 30. Preliminary results 
support a general model of musical affect regulation, as 
34.7% reported a co-presence of two or more 
dimensions and 29.4% could not decide on one 
dimension. The most salient features of the process for 
the participants were strategies and mechanisms, chosen 
significantly more often as the motive for music 
engagement than goals or tactics. Most used strategies 
were distraction, concentration, and manipulation of 
affective states, and most common mechanisms were 
rhythm, lyrics, and aesthetics. However, the use of 
strategies and mechanisms varied depending on which of 
these two was more relevant for the participant. Detailed 
analyses regarding the co-occurrence and interrelation of 
these elements and the mediator role of individual-
contextual factors are being conducted. The results 
indicate a process that, although based on the 
experienced state and individual-situational factors, is 
perceptually initiated with a focus on one or multiple 
regulatory strategies or mechanisms. The motivational 
focus influences which elements become part of the 
process. A new integrative model of affect regulation 
through music, combining the elements that emerged 
both from theoretical and empirical work, is proposed. 

 
Bayview B - 15:45  
 
A comparison of machine learning 
methods as models for predicting 
music emotion appraisals 
Naresh Vempala*, Ryerson University; Frank 
Russo, SMART Lab, Ryerson University 
In a previous study, we explored the classic debate on 
music emotion involving cognitivist and emotivist 
positions using connectionist neural networks. The 
cognitivist position states that music expresses emotion 
without inducing it in listeners. The emotivist position 
states that music induces emotions that resemble 
everyday emotions, enabling listeners to feel emotion, as 
supported by their physiological responses. Since the 
cognitivist position involves emotion appraisals of 
listeners based only on perception of emotion, we 
modeled this view using neural networks trained on 
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audio features abstracted from music. If the emotivist 
position were true, listeners would feel emotion. Hence 
we modeled the emotivist view using listeners’ 
physiological responses to music. We also assessed a 
third hypothesis, whereby listeners are assumed to base 
emotion appraisals on some combination of what they 
perceive in the music and experience through their own 
bodies. We modeled this hybrid position using 
committee machines. Despite promising results, the 
generalizability of our findings was limited due to the 
small size of our dataset consisting of only 12 classical 
music excerpts. Here, we revisit these models using a 
larger dataset of 60 excerpts, chosen from four different 
musical genres. We collected valence and arousal ratings 
of felt emotion, and physiological responses from 60 
participants such that 12 unique listeners heard each 
excerpt. We present our revised findings in the context 
of various methodological improvements from our 
previous models that include feature reduction, cross-
validation, and bagging to make the models more robust. 
Our modeling exercises reveal that arousal assessments 
are more driven by physiological features while valence 
assessments are more driven by audio features. Finally, 
we compare results from different models and highlight 
salient features for predicting emotion. 
 
 

Memory & Music 4 
Session Chair: L. Robert Slevc 
 
Marina - 15:00  
 
Divided attention and expertise in 
the context of continuous melody 
recognition 
Steffen Herff*, MARCS Institute; Daniela 
Czernochowski, Technische Universität 
Kaiserslautern 
Allocating attention to different tasks is an everyday 
requirement that has a significant impact on human 
memory. The popular view of resource models suggests 

that a finite attentional resource is assigned to different 
tasks. If only one task is present, attention converges 
around that task, but as soon as a secondary task is to be 
completed simultaneously, attention needs to be 
divided. Memory performance tends to suffer as fewer 
resources are allocated to a task. However, this 
performance decrement is shaped by domain specific 
expertise. The present study investigates how musical 
expertise shapes the influence of divided attention on 
memory for melodies. Musicians, Non-Musicians and 
intermediate Novices were recruited to perform a 
melody recognition task in a continuous recognition 
paradigm. Participants were randomly assigned to an 
undivided or to a divided attention condition, solving a 
digit-monitoring task simultaneously. Musicians 
outperformed Non-Musicians in the melody recognition 
task, with Novices falling between the other two groups. 
A decrease in absolute recognition performance was 
statistically identical in all expertise groups in the divided 
attention condition compared to the undivided attention 
condition. However, despite no inherent advantage of 
Musicians in digit monitoring tasks, musicians performed 
significantly better in the digit-monitoring task than Non-
Musicians during the divided attention condition. Results 
are discussed in the light of attentional resource models 
and provide insight on the interaction of expertise, 
attention and memory. An augmented resource model is 
suggested to explain the results, theorizing an 
asymmetrical, non-linear trade off between two 
simultaneous tasks. The model assumes that an identical 
absolute performance decrement at the high end of the 
performance spectrum releases more attentional 
resources that can be allocated to another task, 
compared to the lower end of the performance 
spectrum. 

 
Marina - 15:15  
 
Generalizing the learning of 
instrument identities across pitch 
registers 
Stephen McAdams*, McGill University, 
CIRMMT; Ayla Tse, McGill University; Grace 
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Wang, McGill University 
The notion of "a musical instrument's timbre" is an 
unfortunate misconception that confuses source 
identification with the perception of the attribute timbre, 
which covaries with pitch and dynamics in mechanical 
instruments. Research has shown that sounds separated 
by more than an octave are often not recognized by 
nonmusicians as being produced by the same sound 
source. To study how listeners construct the 
representation of a single sound source from a set of 
sounds that vary in timbre across pitch, we tested how 
nonmusicians learned to identify instruments. The 
hypothesis was that the presentation of information 
concerning how pitch and timbre covary would increase 
the ability to generalize identification across pitch 
registers. In Exp. 1, participants first learned to associate 
the names of 11 instruments from the woodwind, brass, 
pitched percussion, and plucked, bowed, and struck 
string families with the sounds produced by these 
instruments at a pitch of C4 and dynamic of mf. In Exp. 2, 
the training stimuli consisted of a diminished arpeggio 
from G3 to G4, thus exposing the listeners to the way 
timbre varied with pitch for each instrument within an 
octave. Training was completed once performance 
reached a minimum of 75% correct over 4 successive 
blocks of the 11 sounds within a maximum of 20 blocks. 
Half of the participants failed to reach criterion 
performance in Experiment 1, but all did so in 
Experiment 2. Successful participants were then tested 
on their ability to generalize identification from the 
learned sound(s) to single notes across each instrument's 
full range. Performance varied significantly across 
instruments: some generalized to a greater extent than 
others.  The results are very similar for the two 
experiments, suggesting that there is no gain in 
generalizing identification from the multi-pitch condition 
to the single-pitch condition. These results will be 
discussed in terms of the acquisition of models of musical 
sound source identity. 

 
Marina - 15:30  
 
Playing by ear beyond 100: A 

continuing case study 
Eleanor Selfridge-Field*, Stanford University 
ME, the subject of “Playing by Ear at 95” (ICMPC 11), 
holds two degrees in music. Born into a high-achieving 
family in Tennessee, she was not involved with music for 
65 years but took new interest in the piano at 93. She has 
significant short-term memory loss of long standing. Now 
101, she plays in public as circumstances permit.  ME’s 
piano skills and extensive repertory (c. 400 pieces) have 
been observed and tracked over the intervening six 
years. Play lists from performances, videos, MIDI tracks, 
and audio recordings have been used to study skill 
preservation and variation plus cognitive elasticity.  Using 
2010 data as a baseline for comparison with 15 
additional performances (2011-16), we find little change, 
apart from slight left-hand impairment from a stroke 
(2014).  ME compares favorably in skill and engagement 
with a cohort of performers in their 90s.  Her sensory 
apparatus per se is well preserved but her visual memory 
is poor by comparison to vision.  Hearing has declined in 
one ear, but aural memory remains excellent. She 
continues to learn new music on exposure.  Because 
sophisticated methods of evaluation, such as fMRI, are 
not viable in frail elderly populations, the evolving history 
of ME is a beacon to those seeking deeper understanding 
of cognitive preservation and musical functioning in 
subjects with dementia. A common denominator among 
late performers is a strong preference for playing by ear, 
irrespective of previous level or nature of musical 
training.  The ME data prompt questions about the 
contribution of declining visual memory in distancing 
older subjects from notated music and about the nature 
of governing mechanisms for constructing “sound-alikes” 
by ear to match (and often surpass in intricacy) pieces 
once learned from notation. 

 
Marina - 15:45  
 
The Effect of Visually Presented 
Lyrics on Song Recall 
Yo-Jung Han*, The Pennsylvania State Univers 
When learning a song aurally, verbal information (i.e., 
text) and musical information (e.g., pitches and rhythm) 
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are perceived through the aural channel. However, if a 
song has much verbal and/or musical information, only 
using the aural channel might hinder one’s ability to 
learn the song. This study assumed the cognitive load 
imposed on the aural channel could be reduced if the 
verbal information is processed in both visual and aural 
channels by seeing the lyrics. This reduction might 
provide more capacity to process musical information, 
leading better recall of the learned song. Therefore, this 
study aimed to investigate the effect of visually 
presented lyrics on song recall controlling individual 
differences in phonological working memory. In addition, 
the effects of perceived task difficulty, preferred learning 
modality, and music major were investigated. Members 
of auditioned choirs were invited to participate. While 
aurally learning an unfamiliar song, one group saw the 
lyrics and another group did not. After one individual 
instructional session, each participant sang the learned 
song from memory and their singing was recorded. 
Additionally, participants took a phonological working 
memory test, a perceived task difficulty report, and a 
learning style inventory. The recall accuracy of their 
singing was rated by two experienced music teachers in 
terms of lyrics, pitches, and rhythm. In the 2 way (Group 
× Major) MANCOVA with phonological working memory 
as a covariate, a main effect for major and interaction 
between group and major were revealed. Seeing lyrics 
while learning a song was helpful for non-music majors in 
recalling pitches and rhythm, but not helpful for music 
majors.  For music majors, seeing lyrics might be 
redundant, which is congruent with the expertise 
reversal effect. They may process verbal and musical 
information in a more integrated way than non-music 
majors. 
 
 

Cross-Cultural Studies of Music 
1 
Session Chair: Steven Demorest 
 
Seacliff D - 15:00  
 

Reduced cultural sensitivity to 
perceived musical tension in 
congenital amusia 
Cunmei Jiang*, Shanghai Normal University; 
Fang Liu, University of Essex; Patrick Wong, The 
Chinese University of Hong Kong 
Everyday music listeners demonstrate reduced sensitivity 
to tension in music from an unfamiliar culture relative to 
their own culture. This in-culture bias indicates not only 
perceptual learning, but also an enhanced emotional 
interaction with what has been implicitly learned.   The 
aim of the present study is to investigate whether amusic 
individuals demonstrate such an in-culture bias as to 
assess whether implicit learning and emotional 
responses to what has been implicitly learned constitutes 
a deficit domain in amusia. The literature reporting on 
core deficit domains in amusia typically focuses on 
musical expectancy including evaluating melodic and 
harmonic structures.  Yet how failing at musical 
expectancy may lead to reduced sensitivity to more 
global musical phenomena such as culture and tension is 
unknown.  We seek to examine whether sensitivity to 
such global musical phenomena is impaired in amusia.         
Twenty-six amusics and 26 matched controls listened to 
32 short Western and Indian melodies, played either on 
the piano or sitar, with or without syntactic violations 
(two in-key and two out-of-key variants), and were asked 
to rate the tension induced by each melody using a 
Continuous Response Digital Interface dial.  A four-way 
ANOVA on tension ratings revealed a significant 
interaction between group, sound, and music type. 
Although amusics rated tension differently depending on 
piano or sitar sounds, they were unable to distinguish the 
difference in tension between Western and Indian music. 
In contrast, controls gave different ratings for tension in 
Western versus Indian music for both piano and sitar 
sounds.  These findings indicate that amusics have 
reduced cultural sensitivity to perceived tension in music. 
Since musical tension rating taps into emotional 
responses, this suggests that amusics may also have 
impaired affective responses to music.     

 
Seacliff D - 15:15  
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A Comparison of Statistical and 
Empirical Representations of 
Cultural Distance 
Steven Morrison*, University of Washington; 
Steven Demorest, Northwestern University; 
Marcus Pearce, Queen Mary University of 
London 
Individuals, regardless of music training, demonstrate 
better memory for music that is culturally familiar than 
music that is culturally unfamiliar. Among Western 
listeners, memory advantage for own-culture music 
persists even when music examples are reduced to 
isochronous pitch sequences of uniform timbre, 
suggesting that melodic expectancy in the form of the 
pitch-to-pitch intervallic content may be a useful 
measure of enculturation. We have hypothesized that 
the cognitive distance between the musics of two 
cultures may be represented by differences in the 
statistical content of melodies from those cultures.  In 
the first part of this study we tested this hypothesis by 
examining a corpus of Western and of Turkish melodies 
to determine if culture-specific typicality of interval 
content, melodic contour, rhythm content, or some 
combination of these parameters showed a relationship 
to cross-cultural memory performance. Interval content 
demonstrated the strongest correlation with preexisting 
memory performance data.  In the second part of this 
study currently underway we further test this finding. 
Using melodies that demonstrated the strongest 
typicality within their respective corpora, adult listeners 
will complete an open sorting task in which they will 
organize 24 Western and Turkish melodies into two 
categories of their own devising. This will be followed by 
a recall test in which participants will identify whether 
brief music excerpts were or were not taken from the 
sorted melodies. We predict that (1) sorting 
differentiation will best reflect culture-specific measures 
of pitch content, (2) memory will be more accurate for 
melodies derived from the culturally familiar corpus, and 
(3) memory performance will demonstrate the strongest 
relationship with own-culture pitch content typicality. 
 

 

Closing Keynote 

Physically embodied music 
cognition 
  
Bayview A+B – 17:00  
  
Edward Large, Ph.D. 
University of Connecticut 
 
Music involves physical interactions with musical 
instruments, acoustic transmission of sound waves, 
vibration of peripheral auditory structures and dynamic 
coordination of whole body movements. At the same 
time, music engages high-level cognitive and affective 
processes, and is often compared to language in terms of 
its structural and cognitive complexity. How can we 
bridge the gap between the raw physical experience of 
music and the complex cognitive computations that are 
assumed to enable it? In this talk, I propose a radically 
embodied approach to music cognition, consistent with 
the enactive approach of Varela and the ecological 
psychology of Gibson. The “radical” part is that it appeals 
to physical principles to explain music at all levels of 
description: patterns of activity in the brain, patterns of 
action in the body, and patterns of interaction among 
groups of individuals. At the neural level, emergent 
dynamic patterns — as opposed to special purpose 
circuits — are considered to be the fundamental 
elements, and resonance — rather than computation — 
is considered to be the fundamental operation. However, 
this approach is not neurocentric. It recognizes that 
music cuts across brain–body–world divisions and it 
provides the concepts and tools necessary to bridge this 
divide. I begin with rhythm, reviewing theoretical and 
empirical results that show why rhythm perception-
action is best understood as resonance of the brain and 
body to sound. Using the example of synchronizing 
metronomes, I explain how we can use a single language 
— nonlinear dynamical systems — to cut across brain-
body-world boundaries. I show how this approach 
replaces abstract cognitive “computation” with 
resonance of emergent physical patterns. Finally, I 
describe how the radically embodied approach leads to a 
view of music as a natural, emergent phenomenon of the 
physical world. 
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Seacliff A-C -16:00  
 
Cross-Cultural Studies of Music 4 

 
SA1:A cross cultural study of emotional response to North Indian Classical Music  
AvantikaMathur, National Brain Research Centre; Nandini Singh*, National Brain Research Centre; 
Vishal Midya, Indian Statistical Institute 

 
SA2:Relating Musical Features and Social Function: Contrast Pattern Mining of Native American 
Music 
Daniel Shanahan*, Louisiana State University; Kerstin Neubarth, Canterbury Christ Church University, 
Canterbury, UK; Darrell Conklin, University of the Basque Country 

 
SA3:Structural and Cultural Elements of Spiritual Musicking 
Jessica Pinkham*, Southern Methodist University; Zachary Wallmark, Southern Methodist University 

 

Music & Aging 4 

 
SA4:Better late than never (or early): Late music lessons confer advantages in decision-making 
Kirsten Smayda*, The University of Texas at Aus; W. Todd Maddox, The University of Texas at Austin; 
Darrell Worthy, Texas A & M; BharathChandrasekaran, The University of Texas at Austin 

 
SA5:The Benefits of Music Making on Cognition in Older Adults 
LinChiat Chang*, Independent Consultant; Anna Nápoles, Department of Medicine, University of 
California, San Francisco, CA, USA; Alexander Smith, UCSF and SF VAMC; Julene Johnson, UCSF 

 
SA6:Outcomes of participation in a piano-based recreational music making group for adults over 50: 
A retrospective study 
Olivia Yinger*, University of Kentucky; Vicki McVay, University of Kentucky; Lori Gooding, Florida State 
University 
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SA7:DOES AGEING AFFECT VOICE OF TRAINED PROFESSIONAL SINGERS 
Thomas Akshintala*, Sweekaar ; GouriPatil, Ali Yaver Jung National Institute for Hearing Handicapped 

 

Music & Emotions 4 

 
SA8:Music Training, Empathy, and Theory of Mind 
Cara Fesjian*, USC; AssalHabibi, University of Southern California, Brain and Creativity Institute 

 
SA9:Emotions and Flow in solo performance: insights from the performer’s perspective 
Catherine Foxcroft*, Rhodes University; ClorindaPanebianco-Warrens, University of Pretoria 

 
SA10:Autism symptomatology in the general population and processing of musical emotion and 
structure 
Eve-Marie Quintin*, McGill University; Julia Donahue, McGill University; sophia Metcalf, McGill 
University 

 
SA11:How do non-musicians communicate musical emotions? Expressive timing in a self-pacing 
paradigm  
Haley Kragness*, McMaster University; Laurel Trainor, McMaster University 

 
SA12:Listener-normalized musical affect: conceptualizing  “felt” musical emotions 
Joseph Plazak*, Illinois Wesleyan University 

 
SA13:Emotionally-mediated crossmodal correspondences are sensitive to context 
Joshua Peterson*, UC Berkeley; Thomas Langlois, UC Berkeley; Stephen Palmer, UC Berkeley 

 
SA14:How and When Sad Music is Enjoyed Depends on Empathy 
Matthew Sachs*, Univ of Southern California; Jonas Kaplan, University of Southern California, Brain and 
Creativity Institute; MortezaDehghani, University of Southern California, Brain and Creativity Institute; 
Antonio Damasio, University of Southern California, Brain and Creativity Institute; AssalHabibi, 
University of Southern California, Brain and Creativity Institute 
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SA15:Effects of pitch and time expectancy on musical emotion 
Sarah Sauve*, Queen Mary University of Londo; Aminah Sayed, Queen Mary University of London; 
Roger Dean, MARCS Institute, Western Sydney University; Marcus Pearce, Queen Mary University of 
London 

Music & Language 4 

SA16:Music and language: Syntactic interaction effects found without violations, and modulated by 
attention  
Anna Fiveash *, Macquarie University; Genevieve  McArthur, Macquarie University ; William Thompson, 

SA17:Creatures of context: Recruiting musical or linguistic knowledge for spoken, sung, and 
ambiguous utterances. 
Christina Vanden Bosch der Nederlanden*, University of Nevada Las Vegas; Erin Hannon, University of 
Nevada Las Vegas; Joel Snyder, University of Nevada Las Vegas 

SA18:Perception of Vowel-Consonant Duration Contrasts in 8-month-old Infants 
Christine Tsang*, Huron University College; Simone Falk, LMU 

SA19:A novel auditory classification paradigm for developmental music cognition research 
Justin Black*, UNLV; Erin Hannon, University of Nevada Las Vegas 

SA20:Modality and tempo of metronome-timed speech influence the extent of induced fluency effect 
in stuttering speakers. 
Lauren Amick*, Michigan State University; Katherine Jones, ; Juli Wade, Michigan State University; Soo-
Eun Chang, University of Michigan; J. Devin McAuley, Michigan State University 

SA21:A Study on Analysis of Prosodic and Tonal Characteristics Emotional Vocabularies in Korean 
Language for Songwriting 
SOO YON YI*, EwhaWomansUniverstiy; Chong Hyun Ju ,  

SA22:The association between musical skills and grammar processing in childhood 
SwathiSwaminathan*, University of Toronto; E. Glenn Schellenberg, University of Toronto 
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Music & Personality 4 

 
SA23:Demographic, cognitive, and personality predictors of musicality 
Kathleen Corrigall*, MacEwan University; Matthew Labrecque, MacEwan University 

 
SA24:Investigating the role of parents in the perfectionistic tendencies of university music students 
Madaleen Botha*, University of Pretoria; ClorindaPanebianco-Warrens, University of Pretoria 

 
SA25:Can personality traits predict musical preferences? A meta-analysis 
Thomas Schäfer*, Chemnitz Univ. of Technology 

 

Music Education 4 
 

SA26:‘Transmodal’ translation in ‘teaching-and-learning’ music 
Annika Falthin*, Royal College of Music, Sweden 

 
SA27:Young children's singing modes 
Eugenia Costa-Giomi*, The Ohio State University; Lucia Benetti, The Ohio State University; Molly Marek, 
The University of Texas - Austin 

 
SA28:Automated Sight-singing Assessment Tool  
Helena Nunes*, UFRGS; Rodrigo Schramm, UFRGS; Cláudio Jung, UFRGS; Lydia Coelho, UFRGS 

 
SA29:Focus of Attention in Musical Performance on the Trumpet 
Isabelle Arseneau-Bruneau*, University of TExas at Austin; Amy Simmons, University of Texas at Austin 

 
SA30:Musicians’ Earplugs:  Does Their Use Affect Performance or Listeners’ Perceptions? 
Karen Thomas*, UNC Greensboro 

 
SA31:Student persistence in group-based Suzuki music training and parent ratings of children’s 
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empathy 
Kathleen Einarson, McMaster University; Karin Hendricks*, Boston University; Nancy Mitchell, ; 
Elizabeth Guerriero, ; D'Ercole Patricia,  

 
SA32:Cognitive control in musicians: does the task matter? 
Marie Joret*, VUB; Kobe Desender,  

 
SA33:Specific Mathematical and Spatial Abilities Correlate with Music Theory Abilities 
Nancy Rogers*, Florida State University; Jane Clendinning, Florida State University; Sara Hart, Florida 
State University; Colleen Ganley, Florida State University 

 

Pitch & Tonal Perception 4 
 

SA34:Effect of Instrumental Studies on Pitch Labeling 
Christopher Bartlette*, Binghamton University 

 
SA35:Psychophysical and Electrophysiological Measures of Auditory Imagination, Expectation, and 
Creativity in Jazz Musicians 
Emily Przysinda*, Wesleyan University; Psyche Loui, Wesleyan University; Tima Zeng,  

 
SA36:Manipulating Melodic Expectation 
Jason Rosenberg*, Center for New Music; Allison Fogel, Tufts University; Aniruddh Patel, Tufts 
University 

 
SA37:Can I have the keys?: Key validation using a MIDI database 
Joshua Albrecht*, University of Mary Hardin-Baylor; Daniel Shanahan, Louisiana State University 

 
SA38:Effects of familiarity, key membership, and interval size in perceiving wrong notes in melodies 
Rachna Raman*, University of Texas at Dallas; Kevin Herndon, The University of Texas at Dallas; Walter 
Dowling, University of Texas at Dallas 

 
SA39:Is pitch chroma discrimination automatic? – an EEG study. 
Tamar Regev*, Hebrew University; Israel Nelken, Hebrew University; Leon Deouell, Hebrew University 
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SA40:The effect of familiarity on the time course of responses to modulation in classical music 
Walter Dowling*, University of Texas at Dallas; Rachna Raman, University of Texas at Dallas; Barbara 
Tillmann, Centre de Recherche en Neurosciences de Lyon 

 
SA41:Well Tempered Tuning Cannot Account for Low Purity Ratings of Isolated Voice Parts 
YkeSchotanus*, Utrecht University 

 

Rhythm, Meter & Timing 4 
 

SA42:Rhythmic consonance and dissonance: perceptual ratings of rhythmic analogs of musical pitch 
intervals and chords 
Alek Razdan, Tufts University; Aniruddh Patel*, Tufts University 

 
SA43:The effect of short-term training on synchronization to complex-meter music. 
Carson Miller Rigoli*, UCSD - Cognitive Science; Sarah Creel, UC San Diego 

 
SA44:Do Chord Changes Make Us Hear Downbeats? 
Christopher White*, University of Massachusetts; Christopher Pandiscio, University of Massachusetts 

 
SA45:The influence of tempo on subjective metricization 
ÈvePoudrier*, University of British Columbia 

 
SA46:“Not On The Same Page” -- A Cross Cultural Study on Pulse and Complex-Meter Perception 
Hsiang-Ning (Dora) Kung*, Ohio State University; Udo Will, The Ohio State University 

 
SA47:Statistical learning for musical meter revisited: A corpus study of Malian percussion music 
Justin London*, Carleton College; Nori  Jacoby, MIT; Rainer Polak, Max Planck Institute for Empirical 
Aesthetics, Frankfurt 

 
SA48:Entrainment to an auditory rhythm: is attention involved? 
Richard Kunert*, MPI for Psycholinguistics; Suzanne Jongman, MPI for Psycholinguistics 
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SA49:Walking cadence is influenced by rhythmic regularity in speech 
Simone Falk*, LMU; Elena Maslow, ; Thierry Legou, ; Simone Dalla Bella, EuroMov, University of 
Montpellier; Eckart Rupp,  

SA50:Hierarchical Structure of Musical and Visual Meter in Cross-modal “Fit” Judgments 
Stephen Palmer*, UC Berkeley; Joshua Peterson, UC Berkeley 

SA51:Musicianship and Tone-language Experience Differentially Influence Pitch-duration Interaction 
Yu Fan*, The Ohio State University; Udo Will, The Ohio State University 

Social Psychology of Music 4 

SA52:The effect of music on theory of mind 
AdielMallik*, McGill University; Tabea Haas-Heger, McGill University; Yueyang Li, McGill University; 
Daniel Levitin, McGill University 

SA53:Effects of alcohol-related content in music videos on implicit alcohol identity 
Amanda Krause*, Curtin University; Kim Caudwell, Curtin University; David Keatley, University of Lincoln 

SA54:A light in the dark? The everyday music listening experiences of blind adults and adolescents in 
the UK 
Claire Castle*, University of Leeds 

SA55:Music as a facilitator of implicit attitude change 
JonnaVuoskoski*, Oxford University; Eric Clarke, ; Paul Elvers, MPI for Empirical Aesthetics 

SA56:Differences between participation in typical karaoke singing and hitokara singing among 
college student 
Junko Matsumoto*, Nagano College of Nursing 

SA57:Does self-expansion induced by choral singing enhance its psychological and social benefits? A 
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new model of social change. 
Michal Kierzkowski*, Academy of Music in Gdansk; RAFAL LAWENDOWSKI, UNIVERSITY OF GDANSK; 
TOMASZ BESTA, UNIVERSITY OF GDANSK 

SA58:Comparing musical taste: the effect of background music on taste and preference of cookies 
Naomi Ziv*, College of Management Academic 

SA59:“Let’s start giving” – Effects of prosocial music and corresponding media coverage on prosocial 
behavior 
Nicolas Ruth*, University of Wuerzburg 

SA60:The influence of empowering music on performance and risk-behavior in sports: a randomized 
controlled trial (RCT). 
Paul Elvers*, MPI for Empirical Aesthetics; Jochen Steffens, MPI Empirical Aesthetics 

SA61:What do I gain from joining music festival crowds? Does self-expansion help to understand 
relationship between social identity and functions of music? 
RAFAL LAWENDOWSKI*, UNIVERSITY OF GDANSK; TOMASZ BESTA, UNIVERSITY OF GDANSK 

SA62:Music in the lives of children and young people with special educational needs and/or 
disabilities 
Sarah Mawby*, University of Leeds; Karen Burland, University of Leeds; AlinkaGreasley, University of 
Leeds 

SA63:When music moves the crowd: typology of music festival participants 
TOMASZ BESTA, UNIVERSITY OF GDANSK; RAFAL LAWENDOWSKI*, UNIVERSITY OF GDANSK 
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GENERAL INFORMATION 

ATMs 
Multiple ATMs are located across the street from the Hyatt. There is one within Walgreens (33 
Drumm St), 7-Eleven (43 Drumm St), Bank of America (1 Market St), and Wells Fargo Bank (1 
California St). 

Breaks 
There are 30-minute breaks every day of conference where attendees can enjoy complimentary 
coffee and tea, located in the Seacliff Foyer. 

Childcare Services 
The Hyatt has recommended ABC Bay Area Childcare Agency (www.abcbayareachildcare.com), 
who can provide individual childcare starting at $25.00 hr. 3-hour minimum. They can also offer 
group care $25.00 for 3 children with a $25.00 agency fee. Notably, their childcare services can 
come directly to your hotel room. Contact Gordon for more information 415-309-5662. 

Concierge Services 
The Hyatt offers online concierge services here:  
https://sanfranciscoregency.hyatte-concierge.com 

Copy and Printing Services 
The Hyatt features a business center that provides small printing, copying, computer access and 
fax capabilities. Additional office services are available at several copy stores located within 
walking distance of the Hyatt. Importantly, if poster-sized printing or shipping services are 
required, it is recommended that you use the FedEx Office Print & Ship Center located one 
block from the Hyatt at 100 California St. This location is open 24-hours a day, 7 days a week. 

Currency Exchange 
Currency can be exchanged at the airport for convenience. If you need to exchange currency 
once you arrive at the Hyatt, the nearest location is the Currency Exchange International within 
the San Francisco Merchant’s Bank, located at 343 Sansome St., #100.  

Directions to Lunch Cruise 
Exit the Hyatt and turn left to walk down market street toward the Ferry Building  / Bay. Once 
you reach the Ferry Building, located on the opposite side of The Embarcadero Street, turn left 
and Pier 3 will be on your right. Boarding for the lunch cruise begins at 1:15 pm and will 
depart promptly at 1:30 pm from Pier 3 (see map below). Do not be late! 
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Early Arrivals: Things To Do 
Saturday (July 2) and Sunday (July 3) is the 32nd Annual Fillmore Jazz Street Festival, which is 
held along Fillmore Street between Jackson and Eddy Streets from 10 am to 6 pm, rain or 
shine.The Fillmore Jazz Festival is the largest free Jazz festival on the West Coast, drawing over 
100,000 visitors over the Independence Day weekend. From sunup to sundown, visitors can 
groove to the sounds of live music from multiple stages, browse the offerings of over 12 blocks 
of fine art and crafts and enjoy gourmet food and beverages. 

Monday (July 4) is a federal holiday, Independence Day. Various festivities will take place along 
Pier 39 and the Fisherman’s Wharf area beginning around noon. A fireworks display will start at 
9:30 pm and is best observed from the end of one of those piers overlooking the northern bay. 
However, that area will be extremely crowded. Fortunately, there are nice views of the eastern 
bay directly across the street from the Hyatt, along the Embarcadero Street. You are often able 
to see different fireworks displays from cities in the easy bay region. 

Getting To and Around San Francisco and the Bay Area 
The easiest and most convenient way to get around is with a taxi service, Uber, or Lyft. But 
these options are also the most expensive. More commonly, San Francisco residents rely on the 
three main public transit systems – MUNI, BART, and CalTrain. MUNI is for local transportation 
within the San Francisco, be it bus, light rail or cable car. BART is for transportation within San 
Francisco and throughout the Bay Area (e.g., airports (SFO, OAK), Berkeley, Oakland). Caltrain 



ICMPC14 : JULY 5-9, 2016, SAN FRANSISCO, CA THANK YOU 

189 

services the peninsula and runs from San Francisco to San Jose by way of Palo Alto (Stanford 
University). For more information on each of these transit systems, refer to the MUNI website 
(www.sfmta.com), BART website (www.bart.gov), or CalTrain website (www.caltrain.com). For 
a fun experience, ride a cable car – one of two mobile U.S. National Landmarks. Entrance to one 
of the cable car lines can be found immediately outside the Hyatt along Market Street.  

To get to the city from the San Francisco airport (SFO) ,look for signs for the free tram service, 
AirTrain. The AirTrain Red line takes passengers to all the terminals, garages and BART, while 
the blue line does all that plus the rental car center. Take either line to the Garage G / BART 
stop and hop on the BART train going towards San Francisco / Pittsburg/ Baypoint. On a BART 
map, it’s signified as the yellow line.Hop off BART at the Embarcadero Station, and leave the 
station through the Market St &Drumm St exit. You will find yourself at the entrance to the 
Hyatt. 

Internet Access 
Wireless internet access is complimentary, but it is only accessible in the Atrium Lobby public 
areas and in the Hyatt Hotel guest rooms. To access the internet, select the @hyatt_wifi 
network and then select “Complimentary Premium Internet”. No password/access code is 
needed. 

Lunch / Dining Options 
There are over 50 restaurants within a one-block radius of the Hyatt. The area map at the end 
of the program provides a small fraction of your options, but should help your decision process. 
For more details on your dining options, try www.yelp.com for reviews, locations, menus, and 
contact information. 

Pharmacy 
For medications, snacks and other various needs, there is a Walgreens located directly across 
the street from the Hyatt, located at 33 Drumm St. 

Registration Desk / Help Desk 
The registration desk is located in the Seacliff Foyer and will be open daily, beginning Tuesday 
July 5, from 8 am to 6 pm. General conference related questions may be directed to the staff at 
the registration desk. 

Upcoming Events 
International Conference on Musical Cultures: University of Hull, UK, April 3-5, 2017 
ESCOM Conference: University of  Ghent, Belgium, July 31 – August 4, 2017 
APSCOM Conference: Kyoto Women’s University, Japan,  August 25 – 27, 2017 
SMPC Conference: University of California, San Diego, USA (mid-summer, dates TBA) 

http://www.sanfrancisco.travel/sponsor/bay-area-rapid-transit
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AREA MAP: 
Here is a map which gives you a few dining options around the Hyatt. 
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VENUE MAP: 
The conference is located exclusively on the Bay Level, with the exception of the opening 
reception, one level up in the Atrium. 
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