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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 worldc 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,

O~

Theodore Zanto
ICMPC14 Conference Chair
University of California San Francisco
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SMPC

Society for Music
Dear ICMPC 2016 Delegates, Perception and Cognition

| 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.

| 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. | 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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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

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-0Old 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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ICMPC14 would like to thank the Society for Education, Music, and Psychology Research
(SEMPRE) for their unprecedented generosity in supporting ICMPC attendees. This year,
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amounts based on need. Congratulations to the 50 SEMPRE Travel Award winners:
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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

| will discuss cross-modal associations from music to colors for several kinds of music, including
classical orchestral pieces by Bach, Mozart, and Brahmes, 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-Ledn, 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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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, | 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. | 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, | explain how we can use a single language —
nonlinear dynamical systems — to cut across brain-body-world boundaries. | show how this
approach replaces abstract cognitive “computation” with resonance of emergent physical
patterns. Finally, | 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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FIlm-MusSiC PailingS. . oo v it itiiiii ittt e e e e s saa s s st s s s sanssansnsasasasasssssasssnnsnsnsnsnsnsns 125
David Ireland, W. Luke Windsor

Classical Music in Television Commercials: A Social-Psychological Perspective...........c.cvcvvuvnn.. 126
Peter Kupfer

Cognitive Musicology 2
Saturday, 08:30-10:30, Seacliff D, Session Chair: Richard Ashley

8:30

9:00

9:30

10:00

The Role of Idiomaticism and Affordances in Bebop Improvisation ..........c.cvvcvernerncrnrnrneennans 127
David John Baker, Adam Rosado, Eva Shanahan, Daniel Shanahan

Improvisation as a Way of KNOWINg. ......cuvuiiiiiriiiiiiioi e e sasasaraseasasasnasarasnanssasnannsnnns 131
Andrew Goldman

Perception of Structural Features in First and Second Musical Themes.............ccciviiiiiiianannnn. 132
Lindsay Warrenburg, David Huron

Using Eye Tracking to Investigate Intense MusiC LiStening........c.cvvireiiirirarnrirarasssrasasssnaas 138
Elke B. Lange, Fabian Zweck, Petra Sinn

Cognitive Musicology 3 (Posters)
Thursday, 16:00, Seacliff A-C

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

Extracting the Musical Schemas of Traditional Japanese Folk Songs from Kyushu District............ 139
Akihiro Kawase

An Investigation on the Perception of Regional Style of Chinese Folk Song...........c.covvveviiennns. 141
Cong Jiang

reNotate: The Crowdsourcing and Gamification of Symbolic Music Encoding .......................... 146
Ben Taylor, Matthew Wolf, David John Baker, Jesse Allison, Daniel Shanahan

In the Blink of an Ear: A Critical Review of Very Short Musical Elements (Plinks)............cvvvvuvnen 147

Felix C. Thiesen, Reinhard Kopiez, Christoph Reuter, Isabella Czedik-Eysenberg, Kathrin Schlemmer

The Use of Prototype Theory for Understanding the Perception and Concept Formation of
10 Ly Tt 1 ] 2 (T 151

Florian Hantschel, Claudia Bullerjahn

Exploring Circadian Patterns in Musical IMagery ..........ccoiiiiiiiiiiiiaiaiarararararananananssnsnsnsns 157
Freya Bailes

Musical Factors Influencing Tempo Determination ...........ccoviiiiieicirarararararassssnsnsnsnsarnrns 158
Leigh VanHandel

Relative Salience in Polyphonic MUSIC ....ccuviiiiiaiieiaiicratacraesasacrassnssasnassnsansnassnsansnnnns 159
Marco Bussi, Sarah Sauvé, Marcus T. Pearce

Reading Pitches at the Piano: Disentangling the Difficulties..............coiiiiiiiiiiiiiiiii i eeanes 163
Marion Wood

A Machine-Learned Model of Perceived Musical Affect ..........ovoiiriroiiirirariiirarcarararaaeannns 169

Tess Dula, Paul Griesemer, Joshua D. Albrecht

XV



Composition & Improvisation 1
Tuesday, 14:00-15:30, Bayview A, Session Chair: Andrew Goldman

14:00

14:30

15:00

Patterns of Complexity in Improvisational Jazz Performance............cocveiveriirnrnarnernsnarnnennans 173
Ashley E. Walton, Auriel Washburn, Peter Langland-Hassan, Anthony Chemero, Michael J. Richardson

The Effect of Intensive Jazz Improvisation Instruction on Measures of Executive Function in

Middle School Band Students ........cviiiiiiri i iia i i rasaaracrnsaeransasacrassnssmsassnsansassnransnnnns 174
Martin Norgaard, Heston McCranie

Jazz Improvisation as a Model of the Creative Process: Heightened Perceptual Awareness and

I 23 4 1 101V 175
Psyche Loui, Emily Przysinda, Pheeroan Aklaff, Kellyn Maves, Cameron Arkin, Tima Zeng

Composition & Improvisation 2 (Posters)
Tuesday, 16:30, Seacliff A-C

16:30

16:30

16:30

16:30

16:30

All You Need to do is Ask? The Exhortation to be Creative Improves Creative Performance
More for Non-Expert Than Expert JaZzZ MUSICIanS . ... ..vuvureieeriraneararaneararaseararasansrasosnsnnnns 180

David S. Rosen, Youngmoo E. Kim, Daniel Mirman, John Kounios

Negentropy: A Compositional and Perceptual Study Using Variable Form............ccvciviviiiinnnne. 181
Jason C. Rosenberg

A Method for Identifying Motor Pattern Boundaries in Jazz Piano Improvisations ..................... 182
Martin Norgaard

The Meaning of Making — Mapping Strategies in Music Composition ............covoviviriicncnanarans 183
Peter Falthin

Study of Instrument Combination Patterns in Orchestral Scores from 1701 to 2000..................- 186

Song Hui Chon, Dana DeVlieger, David Huron

Cross-Cultural Studies of Music 1
Saturday, 15:00-15:30, Seacliff D, Session Chair: Steven Demorest

15:00

15:15

Reduced Cultural Sensitivity to Perceived Musical Tension in Congenital Amusia..................... 191
Cunmei Jiang, Fang Liu, Patrick C.M. Wong

A Comparison of Statistical and Empirical Representations of Cultural Distance..............cccvuau. 192
Steven J. Morrison, Steven M. Demorest, Marcus T. Pearce

Cross-Cultural Studies of Music 2 (Posters)
Saturday, 16:00, Seacliff A-C

16:00

16:00

16:00

A Cross Cultural Study of Emotional Response to North Indian Classical Music............ccovveuenen. 193
Avantika Mathur, Vishal Midya, Nandini Chatterjee Singh

Relating Musical Features and Social Function: Contrast Pattern Mining of Native American

Daniel Shanahan, Kerstin Neubarth, Darrell Conklin

Effects of Repetitive Vocalization on Temporal Perception in a Group Setting...........cccvcvivavararas 195
Jessica Pinkham, Zachary Wallmark
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History of Music Cognition 1
Friday, 11:00-12:30, Seacliff D

Symposium: Empirical Musicology, 10 Years On: New Ways to Publish and the Empirical Paradigm in Music
Research
Discussant: Daniel Shanahan (Louisiana State University)

11:00

Empirical Musicology, 10 Years On: New Ways to Publish and the Empirical Paradigm in
MUSIC RS AT . vttt ittt ittt te ettt aeeeesaansunssnnsannssnsssnssnsssnsesnssnsssnssnnssnssnnsennsnnsss 196

Daniel Shanahan

History of Music Cognition 2
Saturday, 11:00-12:30, Seacliff D

Symposium: Perspectives on the History of Music Cognition
Discussants: Amy Graziano (Chapman University); Julene Johnson (University of California San Francisco)

11:00

11:30

12:00

Perspectives on the History of Music COgnitioN. ........ovuveieerirneararareararasnararascanarassnarnnns 198
Amy B. Graziano, Julene K. Johnson

Nineteenth-Century Roots of Music Cognition: Influence of Neurology ..........cccoveviiviraninnnans. 199
Julene K. Johnson, Amy B. Graziano

Nineteenth-Century Roots of Music Cognition: Interdisciplinary Perspectives ..........cccvcvivvararns 200
Amy B. Graziano, Julene K. Johnson

The Impact of Behaviorism on the History of Music PSychology ........c.coviviiiiririniinirancnnnnnnes 201
Annabel J. Cohen

Memory & Music 1
Tuesday, 14:00-15:30, Marina, Session Chair: Sandra Trehub

14:00

14:30

15:00

Musical Structure as a Hierarchical Retrieval Organization: Serial Position Effects in Memory
for Performed MUSIC «...vuueustasisetasassrasssssasassasassssasasnssssasnssssasnssssasnssssasnssssnsns 202

Jane Ginsborg, Roger Chaffin, Alexander P. Demos, James Dixon

How Accurate is Implicit Memory for the Key of Unfamiliar Melodies? ............ccvoviviiinivanananns 203
E. Glenn Schellenberg, Michael W. Weiss
Effects of Performance Cues on EXpressive Timing........cccueiririeirironeararaneararareararassnennnns 204

Tania Lisboa, Alexander P. Demos, Kristen Begosh, Roger Chaffin

Memory & Music 2
Tuesday, 15:30-16:30, Marina, Session Chair: Roger Dean

15:30

15:45

16:00

16:15

A Non-Musician with Severe Alzheimer’s Dementia Learns a New SONg........cvcvviraririrarnnnnases 205
Amee Baird, Heidi Umbach, William Thompson

Vocal Melodies are Remembered Better Than Piano Melodies but Sine-Wave Simulations are

010 206
Michael W. Weiss, Sandra E. Trehub, E. Glenn Schellenberg

Perception of Leitmotives in Richard Wagner’s Der Ring des Nibelungen...............cccuvevcneennnen 207
David John Baker, Daniel Miillensiefen

Music Identification from Harmomy . .......oviiieiiiioeararararasaranssansasnsasasnasassssssssnsnsnsasarasns 208

Ivan Jimenez, Tuire Kuusi
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Memory & Music 3
Saturday, 11:00-12:00, Bayview B, Session Chair: Daniel Miillensiefen

11:00

11:15

11:30

11:45

Memory for the Meaningless: Expert Musicians’ Big Advantage at Recalling Unstructured
1. b= L (=3 ¢ Y 212

Giovanni Sala, Fernand Gobet

Memory for Melody: How Previous Knowledge Shapes the Formation of New Memories.............. 213
Steffen A. Herff, Kirk N. Olsen, Roger T. Dean

Generality of the Memory Advantage for Vocal Melodies ..........ccciiiiiiiiiiraririririeienncranaranas 214
Michael W. Weiss, E. Glenn Schellenberg, Sandra E. Trehub

Musical Experience and Executive FUNCHON ......ciiiiieiioicratneaerasacraesnrsnsassnrsnsassnsansnnnns 215

Brooke M. Okada, L. Robert Slevc

Memory & Music 4
Saturday, 15:00-16:00, Marina, Session Chair: L. Robert Slevc

15:00

15:15

15:30

15:45

Divided Attention and Expertise in the Context of Continuous Melody Recognition ................... 216
Steffen A. Herff, Daniela Czernochowski

Generalizing the Learning of Instrument Identities Across Pitch Registers ...........cccvviveviininnns. 217
Stephen McAdams, Ayla Tse, Grace Wang

Playing by Ear Beyond 100: A Continuing Case Sty ......cvoviiiiiiieiaiarararararararasnnsnsnsasaranns 218
Eleanor Selfridge-Field

The Effect of Visually Presented Lyrics on Song Recall........covviiiiiiiiiiriirairnnranranrasrassnnsanss 223
Yo-Jung Han

Memory & Music 5 (Posters)
Wednesday, 14:00, Seacliff A-C

14:00

14:00

14:00

14:00

14:00

14:00

Music, Autobiographical Memories, and Elderly People ..........coiiiiiiiiiiiiiii i iiinanananaens 224
José Davison da Silva Junior, Diana Santiago, Anita Liberalesso Neri

Enhancing Working Memory for Actions Through Entrainment to an Auditory Cue ..........c..cvuue. 228
Kathleen Wyeth, Kate Stevens, Jia Hoong Ong

How do You Remember All the Words? Singing Along Facilitates Memory for Song Lyrics............ 229
Lucy M. McGarry, Adrian M. Owen, Jessica A. Grahn

Investigating Autobiographical Memory Recall in Dementia and Healthy Older Adults

Following Exposure to Familiar Popular MUSIC ......cuciiiriiiii i iiiiiiai i rarara e sasasasnnnmsssannsns 230
Renee Schapiro, Denise Evert, Daniel Miillensiefen

Differential Use of Cognitive Strategies in a Musical Transcription Task: Cues from
IMPIeMENTAl MeINOTY . .ucvuetetneterarereensanransnsensnssnssnsnssnssnsassnssssnssnssssnssnssssnssnsnnnns 231

Maria Teresa Moreno Sala, Ruth Cruz de Menezes, Matthieu J. Guitton

The Effects of the Instrument Played on the Working Memory Capacity of Musicians ................. 232
Stephanie Whittaker, Margaret Cousins
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Music & Aging (Posters)
Saturday, 16:00, Seacliff A-C

16:00

16:00

16:00

16:00

Better Late Than Never (or Early): Late Music Lessons Confer Advantages in Decision-Making ....... 233
Kirsten E. Smayda, W. Todd Maddox, Darrell A. Worthy, Bharath Chandrasekaran
The Benefits of Music Making on Cognition in Older Adults .........ccciviiiiiiiiiiiiiiiii i aniieananes 234

LinChiat Chang, Anna M. Ndpoles, Alexander Smith, Julene K. Johnson

Outcomes of Participation in a Piano-Based Recreational Music Making Group for Adults Over
50: A RetroSPeCtiVe STUAY .. .ciuuitiiiirataasarasaassasaasasasasasasassssasassssasassssnasassssasassssnsns 235

Olivia Swedberg Yinger, Vicki McVay, Lori Gooding

Does Aging Affect the Voice of Trained Professional SIngers? ..........cocviiiieiiriririrnennnianaranas 236
Thomas Akshintala, Rashmi Pai, G.S. Patil

Music & Emotions 1
Tuesday, 10:30-11:30, Bayview B, Session Chair: E. Glenn Schellenberg

10:30

10:45

11:00

11:15

Subcortical Processing During Emotional Encoding of Sensory Dissonance..............ccecevevanennnss 240
Fernando Bravo, Emmanuel A. Stamatakis, Martin Rohrmeier

The Influence of Timbre and Expressive Intent on Musical Communication of Emotion............... 241
Kit Soden, Jordana Saks, Stephen McAdams

Signifying Emotion: Determining the Relative Contributions of Cues to Emotional

(@0 51014100001 CoF: 1o (0 o 242
Aimee Battcock, Diana Martinez, Michael Schutz

Neurophysiological Investigation of Context Modulation based on Musical Stimulus.................. 243
Siddharth Mehrotra, Anuj Shukla, Dipanjan Roy

Music & Emotions 2
Thursday, 08:30-10:30, Bayview B, Session Chair: Fernando Bravo

8:30

9:00

9:30

10:00

The ‘rasa’ in the ‘raga’? Brain Networks of Emotion Responses to North Indian Classical ragas....... 247
Avantika Mathur, Nandini Chatterjee Singh

Multimodal Affective Interactions: Comparing Auditory and Visual Components in Dramatic

L) 4 T 248
Moe Touizrar, Sarah Gates, Kit Soden, Bennett K. Smith, Stephen McAdams

Differences in Verbal Description of Music Listening Experiences Between College Students

with Total Blindness and Typical ViSiOn.........c.cviiiiiiiiiii i e iia i cra s ranssncransnarannnnnnnnn 249
Hye Young Park, Hyun Ju Chong

Social eMotions — Communicating Emotions in Contemporary Dance ..........cccoevciivevrarararnnnss 253
Tommi Himberg, Klaus Férger, Maija Niinisalo, Johanna Nuutinen, Jarkko Lehmus

Music & Emotions 3
Saturday, 14:00-15:00, Bayview B, Session Chair: Michael Schutz

14:00

14:15

Rehearing Music: Schematic and Veridical Expectancy Ratings in Adults..............cccociiiivinnnnn, 254
Hayley Trower, Adam Ockelford, Evangelos Himonides, Arielle Bonneville-Roussy

Pleasurable Music is Serious, Exciting and Bodily Experienced, While Pleasurable Visual
Objects are Light, Calming, and Aesthetically Pleasing ............ciiciiiiiiiiiaricrarnarncrasnrnnennnns 255

J. Maksimainen, Suvi Saarikallio
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14:30

14:45

Brazilian Children’s Emotional Responses to Wagner’s MUSIC.......cuviciiiarararararannsnnnnsesanaranas 259
Patricia Vanzella, Paulo E. Andrade, Olga V.C.A. Andrade, E. Glenn Schellenberg

The Relative Contributions of Composition and Visual and Auditory Performance Cues to

Emotion Perception: Comparing Piano and Violin Performances ...........c.cveviiiririrnencnranananas 260
Marc R. Thompson, Jonna K. Vuoskoski, Eric Clarke

Music & Emotions 4
Saturday, 15:00-16:00, Bayview B, Session Chair: Tan-Chyuan Chin

15:00

15:15

15:30

15:45

Building an EXpressive Performance . .........ccueerieirarsrararasnsrarasnssssasnsssrasnsssrasnssssnsns 261
Shawn Michael Condon

The Role of Perceived Exertion in Models of Continuously Perceived Affect in Response to

Music: Investigating the ‘FEELA’ HyPOthesSis . ....oviciiiiiiiaii i isiiianasasasasasasassssssnsnsnsarnras 262
Kirk N. Olsen, Roger T. Dean
New Integrative Model of Musical Affect Regulation...........ccvuvieirironcirirarearararaeararanannnes 263

Margarida Baltazar, Suvi Saarikallio

A Comparison of Machine Learning Methods as Models for Predicting Music Emotion
N ) 5 11 3 264

Naresh N. Vempala, Frank A. Russo

Music & Emotions 5 (Posters)
Tuesday, 16:30, Seacliff A-C

16:30

16:30

16:30

16:30

16:30

16:30

16:30

16:30

16:30

16:30

Imprinting Emotion on Music: Transferring Affective Information from Sight to Sound............... 265
Caitlyn Trevor, Joseph Plazak

Matching Music to Brand Personality: A Semantic Differential Tool for Measuring Emotional

1) .12 (O 269
David John Baker, Tabitha Trahan, Daniel Miillensiefen

Audience Emotional Response to Live and Recorded Musical Performance............cvevverncrnnnnnns 272
Elizabeth Monzingo

The Relationship Between Coupled Oscillations During Auditory Temporal Prediction and
Motor Trajectories in a Rhythmic Synchronization TasK ..........c.ociiiiiiiiiiiiireiiaiicrarnaracnnnnns 275

Fiona C. Manning, Brandon T. Paul, Serena W. Tse

Inducing Emotion Through Size-Related Timbre Manipulations: A Pilot Investigation................. 276
Joseph Plazak, Zachary Silver

The Effect of Repetitive Structure on Enjoyment in Uplifting Trance MusicC ...........ccviviiiianananns 280
Kat Agres, Louis Bigo, Dorien Herremans, Darrell Conklin

Emotions and Chills at the Interface Between Contrasting Musical Passages.........ccvvvrieveiarararas 283
Sabrina Sattmann, Richard Parncutt

The Influence of Odour on the Perception of Musical EMotions. .........cocvviroiirirarcnrarancneannnes 284
Scott Beveridge

Emotional Mediation in Crossmodal Correspondences from Music to Visual Texture.................. 285

Thomas Langlois, Joshua Peterson, Stephen E. Palmer

Expressive Performance and Listeners’ Decoding of Performed Emotions: A Multi-Lab

Replication and EXteNSION .. ...ucvirerietierreeraeaarenrnsanrsernssnrsnsasenrsssnssnssssnssnssssnrsnsnnnns 286
Renee Schapiro, Jessica Akkermans, Veronika Busch, Kai Lothwesen, Timo Fischinger, Klaus Frieler,

Kathrin Schlemmer, Daniel Shanahan, Kelly Jakubowski, Daniel Miillensiefen
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Music & Emotions 6 (Posters)
Wednesday, 14:00, Seacliff A-C

14:00

14:00

14:00

14:00

14:00

14:00

14:00

Self-Chosen Music Listening at Home, Emotion and Mood Regulation ..............cocicviiiiiiinnnnnns. 287
Alexandra Lamont, Laura Vassell

Hearing Wagner: Physiological Responses to Richard Wagner’s Der Ring des Nibelungen............. 288
David John Baker, Daniel Miillensiefen

The Effects of Hearing Aids and Hearing Impairment on the Physiological Response to

Emotional Speech. . ......c.iiiiiiiiiiiii it ria e e saa e a e a e 289
Gabriel A. Nespoli, Gurjit Singh, Frank A. Russo
Coping with Interpersonal Distress: Can Listening to Music Alleviate Loneliness?..................... 290

Katharina Schdfer, Tuomas Eerola

L. Edelman, P. Helm, S.C. Levine, S.D. Levine, G. Morrello
Emotional Reactions in Music Listeners Suffering from Depression: Differential Activation of

the Underlying Psychological MeChaniSms ..........ccueiriririraranenrarasnasarasnasarassssrassnssnsns 294
Laura S. Sakka
Music Liking, Arousal and Cognition..........ociiiiioiiiaiararararanasansaserasasarasassssssnsnsnsasarnarns 295

Tessa Overboom, Jade Verheijen, Joyce J. de Bruin, Rebecca S. Schaefer

Music & Emotions 7 (Posters)
Saturday, 16:00, Seacliff A-C

16:00

16:00

16:00

16:00

16:00

16:00

16:00

Music Training, Empathy, and Theory of Mind............cciiiriiiiiiririi i i arcarararaearasanannnns 297
Cara Z. Fesjian, Andrew Tung, Hwanjun Chung, Ryan Veiga, Assal Habibi

Autism Symptomatology in the General Population and Processing of Musical Emotion and

(3 1013 1< 302
Eve-Marie Quintin, Julia Donahue, Sophia Metcalf

How do Non-Musicians Communicate Musical Emotions? Expressive Timing in a Self-Pacing
o i o 1722 o 303

Haley E. Kragness, Laurel J. Trainor

Listener-Normalized Musical Affect: Conceptualizing “Felt” Musical Emotions ..............cccvvuvnn.. 304
Joseph Plazak
Emotionally-Mediated Crossmodal Correspondences are Sensitive to Context.........c.cocvevvanararns 307

Joshua Peterson, Thomas Langlois, Stephen E. Palmer

How and When Sad Music Depends on EMPathy ......ccoviiiiiiaiiorirarnrassnrscrassnrsessssnransnnnns 308
Matthew E. Sachs, Jonas Kaplan, Morteza Dehghani, Antonio Damasio, Assal Habibi

Effects of Pitch and Time Expectancy on Musical EMOtion ........c.coviviiiiriraneirirarcnearascnnannnes 309
Sarah Sauvé, Aminah Sayed, Roger T. Dean, Marcus T. Pearce

Music & Evolution (Posters)
Tuesday, 16:30, Seacliff A-C

16:30

16:30

Singing and Moving Increase SOCial BONAING .........uviiiieiiiii i i e i i asinaaanasasararararnnnns 310
K. Harring, L. Edelman, J. Ross, K. Ninivaggi, A. Leeds, K. Mulvey, M. Hogan

The Expression of Anger, Angst, Violence and Power in Music: Aesthetic, Sociological, and
EVOlUtionNary PerS P eCliVes .. tititeteeteesaeraenasansasanssesnsanransasensassnssnsnssnssnssssnsansnnnns 313

Nathaniel Condit-Schultz
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16:30

16:30

16:30

16:30

16:30

16:30

16:30

A New Measure of the Well-Being Benefits of Music Participation............c.cociiiiiiririririnnnnne.s 314
Amanda E. Krause, Jane W. Davidson, Adrian C. North

Musical Intensity in Affect Regulation: Interventions in Self-Harming Behavior........................ 315
Diana Hereld

Music Engagement, Personality, Well-Being and Affect in a Sample of North Indian Young

7 11 L 316
A. Chakraborty, D.K. Upadhyay, R. Shukla
Music Rehearsals and Well-Being: What Role Plays Personality?........c.cocviveririririrnnnnncnanaranas 321

Eva Matlschweiger, Sabrina Sattmann, Richard Parncutt

Motivating Stroke Rehabilitation Through Music: A Feasibility Study Using Digital Musical
Instruments in the HOME ..........ooiiiiiiiiii ittt i e ssaracsasaeransasacransnsansassnsansasnnsnnsnnnns 322

Pedro Kirk, Mick Grierson, Rebeka Bodak, Nick Ward, Fran Brander, Kate Kelly, Nickolas Newman,
Lauren Stewart

Salivary Biomarkers as Objective Data in Music Psychology Research: Comparing Live and

Recorded Music 10 STOTY Readings .. ....uvuriririeiiiaiiiarasarasasasasasansesasasnasasasassssssnsnsnsasnsns 323
R. Orlando, C. Speelman, A. Wilkinson, V. Gupta
Chanting Meditation Improves Mood and Social CohesSion ...........cooiiiiiiiiiiiriiarirarnaranannans 324

Gemma Perry, Vince Polito, William Thompson

Music & Health / Well-Being 1
Wednesday, 08:30-09:50, Bayview A

Symposium: Choral Singing and Well-Being
Discussant: Jacques Launay (Brunel University of London)
Convener: Annabel Cohen (University of Prince Edward Is)

8:30

8:50

9:10

9:30

Advancing Interdisciplinary Research in Singing: Group Singing and Wellbeing ....................... 328
Jacques Launay

Changes in Social Connectedness as a Result of Community Singing in Small and Large Choirs....... 329
Daniel Weinstein, Jacques Launay, Eiluned Pearce, Robin .M. Dunbar, Lauren Stewart

Effects of Choral Singing on Facial and Vocal Expressiveness in People Living with

ParKiNSON’S DIS@aSE .ttt ettt it tasasasesanananaaaasasasassesansssnsasnsasasasssassnsssnsnsnsasnrnsns 330
Frank A. Russo, Esztella Vezer, Steven R. Livingstone

Vocal Improvisation and Verbal Fluency in Older Adults Following Group Vocal Lessons............. 331
Jennifer A. Bugos, Chloe Kantoris

Benefits of Forming a Multicultural Choir and Song Circle on a University of Campus................. 332
Annabel J. Cohen, Godfrey Baldacchino, Karen Ludke, Liliya Nafikova, Bing-Yi Pan

Music & Health / Well-Being 2
Thursday, 08:30-10:30, Marina, Session Chair: Nikki Rickard

8:30

9:00

9:30

Music Training and Neuroplasticity: Cognitive Rehabilitation of Traumatic Brain Injury

o L) 51 333
Berit Marie Vik, Geir Olve Skeie, Karsten Specht
Help Musicians UK Hearing Survey: Musicians’ Hearing and Hearing Protection..............covuveu.. 337

Alinka Greasley, Robert Fulford, Nigel Hamilton, Maddy Pickard

Predicting Emotional Well-Being: The Roles of Emotional Sensitivity to Music and Emotion
Regulation USING MUSIC . uuvusuineistanissrasasssasasssasssssassssssassssssasnssssasnssssasnssssnsns 338

Tan-Chyuan Chin, Nikki S. Rickard
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10:00

Efficacy of a Self-Chosen Music Listening Intervention in Regulating Induced Negative Affect:
A Randomised Controlled Trial.........cuciiirariiiririeieiasasasarararasasssasansesnsasasasasssssnnnnnnns 339

Jenny M. Groarke, Michael J. Hogan, Phoebe McKenna-Plumley

Music & Health / Well-Being 3
Friday, 11:00-12:30, Marina

Symposium: Music in Clinical Settings
Discussant: Nora Schaal (Heinrich-Heine-University)

11:00

11:30

12:00

MusicC in CHNICAl S@TUNGS ... uuuei ittt ettt a i it it sasa e sasanamamsasasnsasasannnnnnmsnsnsnsnsns 341
Nora K. Schaal

Neurobiological Changes Associated with Social Bonding, Stress and Flow-State in Vocal

35430 {0174 £ X 5 (0 ) o 342
Edward A. Roth, Jason R. Keeler

Cochlear Implant-Mediated Perception Of MUSIC . ....cuvuvrieirnrareararaneararasnararasnanarasnanannnns 343
Charles J. Limb

The Effects of Music Interventions During Caesarean Sections on Patients’ Anxiety Levels ........... 344

Nora K. Schaal, Carsten Hagenbeck, Julius Gilles, Sarah Mcdrthesheimer, Wolfram Goertz,
Oliver T. Wolf, Tanja Fehm, Philip Hepp

Music & Language 1
Tuesday, 10:30-11:15, Bayview A, Session Chair: J. Devin McAuley

10:30

10:45

11:00

Music-Language Dissociation After Brain Damage: A New Look at the Famous Case of

Composer Vissarion Shebalin. .........uviiioiiiiiiia i ietia it e raerasaerassnsansassnssessssnransnnnns 345
Meta Weiss

Using a Rhythmic Speech Production Paradigm to Elucidate the Rhythm-Grammar Link: A

51 LY ] 1D 7 346

Rita Pfeiffer, Alison Williams, Carolyn Shivers, Reyna L. Gordon

Music Syntactic Processing Related to Integration of Local and Global Harmonic Structures in
Musicians and NON-MUSICIANS ... .cuuurureienrurensrarnnerassnarasasnsrssasnsssrasnssssasnsssrasnssssnsns 347

Iran Romdn, Takako Fujioka

Music & Language 2
Tuesday, 15:30-16:00, Bayview A, Session Chair: Aniruddh Patel

15:30

15:45

Musical Ability Predicts Adaptation to Foreign-Accented Speech.........c.cviviiiiiiiriririeniranaranas 348
L. Robert Slevc, Paulina Arango, Mary Dumler

Music Training Correlates with Visual but not Phonological Foreign Language Learning Skills........ 352
Peter Martens, Kimi Nakatsukasa, Hannah Percival
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Music & Language 3
Wednesday, 08:30-09:50, Bayview B

Symposium: Musical Rhythm in Typical and Atypical Language Development
Discussant: Sarah Creel (University of California San Diego)
Conveners: J. Devin McAuley (Michigan State University); Reyna Gordon (Vanderbilt University)

8:30

8:50

9:10

9:30

Musical Rhythm in Typical and Atypical Language Development ..........cccveviriririrnrnnnnrararanas 355
J. Devin McAuley, Reyna L. Gordon, Sarah C. Creel

Behavioral and Neuroimaging Evidence for a Core Deficit in Rhythm Processing in

Developmental Stutlering. .....ccviiiiii i ii i i i iea e rasaaraesnsanransasanrassnssmsassnssnsasnnsnnsnnnns 356
J. Devin McAuley, Liz Wieland, Ho Ming Chow, Juli Wade, Soo-Eun Chang

Musical Rhythms, Speech Rhythms, and Brain Rhythms: New Applications for Child

Language DeveloPIment .. ....c.eciii et ta s ranansnaasasasasasasssansssnsnsnsasasassssssssssnsnsnsnsnrnsns 357
Reyna L. Gordon, Rita Pfeiffer, Alison Williams, Katherine B. Jones, Ashley B. Hirsch, Tuuli H. Morrill,

J. Devin McAuley

Cognitive Links Between Rhythm Perception and Language: A Behavioral and Neuroimaging
RT3 . 1 o) 1 358
Ola Ozernov-Palchik, Elizabeth S. Norton, Sara D. Beach, Anne Park, Maryanne Wolf,

John D.E. Gabrieli, Nadine Gaab, Aniruddh D. Patel

Individual Differences and Reading Skills: Another PATH Needed? ..........ccoviiriraicirnrarcnnnnnnes 359
Nori Jacoby, Naftali Tishby, Hilla Jakoby, Mevav Ahissar

Music & Language 4
Thursday, 08:30-10:30, Bayview A, Session Chair: Reyna Gordon

8:30

9:00

9:30

10:00

Individuals with Congenital Amusia Show Impaired Talker Adaptation in Speech Perception......... 360
Fang Liu, Yanjun Yin, Alice H.D. Chan, Virginia Yip, Patrick C.M. Wong

Music Supports the Processing of Song Lyrics and Changes Their Contents: Effects of Melody,

Silences and ACCOMPANIIMENT. . ... .uutuseis s s st rassssassnsesasasasasassssssssnsnsnsasasasassssssnsss 361
Yke Schotanus

Music is More Resistant to Neurological Disease Than Language: Insights from Focal Epilepsy....... 362
Laura J. Bird, Graeme D. Jackson, Sarah J. Wilson
An fMRI Study Comparing Rhythm Perception in Adults Who do and do not Stutter................... 363

Elizabeth A. Wieland, J. Devin McAuley, Ho Ming Chow, David Zhu, Soo-Eun Chang

Music & Language 5
Saturday, 14:00-14:45, Bayview A, Session Chair: Psyche Loui

14:00

14:15

14:30

Cross-Domain Pitch Perception, the Influence of Native Language..........ccvuvevririrarenrararcnnannnes 364
Ao Chen, M.P. Roncaglia-Denissen, Drikus A. Roor, Makiko Sadakata

Analyzing Linguistic Intonation Using the Implication-Realization Model..................ccoiiiiian.. 365
Alfred W. Cramer

Acoustic and Musical Foundations of the Speech/Song IIIusion............cociiiiiiiiiairirarienennnnns 369

Adam Tierney, Aniruddh D. Patel, Mara Breen
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Music & Language 6
Saturday, 15:00-15:45, Bayview A, Session Chair: Ao Chen

15:00

15:15

15:30

Finding the Beat in Poetry: The Role of Meter, Rhyme, and Lexical Content in Speech
Production and PerCePUtion. ... ..cure st sesasaesnaasesasasasasssansssnsnsnsasasassssssssssnsnsnsnsarasns 374

Benjamin G. Schultz, Sonja A. Kotz
Vowel Perception by Congenital AIMUSICS .....ccvuiiiiieieiiiiiaiaraarasarasasanssasasararasasannnnnnnns 375
Jasmin Pfeifer, Silke Hamann

A Tool for the Quantitative Anthropology of Music: Use of the nPVI Equation to Analyze
Rhythmic Variability Within Long-Term Historical Patterns in MUSiC.......c.cveviviriririennnnanananas 376

Joseph R. Daniele

Music & Language 7 (Posters)
Wednesday, 14:00, Seacliff A-C

14:00

14:00

14:00

14:00

14:00

14:00

14:00

14:00

14:00

14:00

Perceptual-Motor Entrainment in the Context of the Speech-to-Song Illusion: Examining
Differences in Tapping Patterns to Perceived Speech vs. SONG........ciciiiiiiriririririeiinaranarnnns 381

Alexandria Pabst, Christina Vanden Bosch der Nederlanden, Auriel Washburn, Drew Abney,

Eric M. Chiu, Ramesh Balasubramaniam

Please Don’t Stop the Music: Song Completion in Patients with Aphasia.............cccvcviviivinnn.n 382
Anna Kasdan, Swathi Kiran

Do Musical Abilities Predict Reading, Spelling, and Mathematical Abilities in Young Adults? ......... 383
Sarah R. Hansen, Kathleen A. Corrigall

Investigating Music Schemas as a Form of Linguistic Constructions in the Music of the Dong

People in GUizhou, China ......ocviiieiiiiiie i e iesaraerasaaraesasanransasanrsssnssnsnassnssnssssnransnnnns 384
Kathryn Davies

Characteristics of Non-Linguistic Vocalizations as Auditory Emoticons..........c..ovevcirirancnnnnanss 385
Kyoungsoo Chun, Jinah Kwak, Juhan Nam

Categorization in the Speech to Song Transformation (STS).......cuviririiririrareirarararararararnnes 386
Bas Cornelissen, Makiko Sadakata, Henkjan Honing

Temporal Event Clustering Differs in Infant- versus Adult-Directed Speech and Song ................. 387
Christopher T. Kello, Simone Falk

Relation of Musical Training to Vocoded Speech Recognition..........c.cucvivireririrnrnrnrnnnnianaranas 388

Tahnee Marquardt, Sara Prostko, Gina Scharenbroch, Terry L. Gottfried

High Talkers, Low Talkers, Yada, Yada, Yada: What Seinfeld Tells Us About Emotional

Expression in Speech and MUSIC. ..o vuviiiiiiiiiii i i e e s e s s sasasassasasasasasasasnnnnsnsnsnrnrns 389
Tiffany Bamdad, Brooke M. Okada, L. Robert Slevc

New, Freely-Available Technology for Studying the Impact of Simple Musical Training on

Speech Perception in Cochlear IMPlant USeTI'S ......vucveeeerncrrenrsernsanransnssnrsssnassnrassnarsnssnnnss 390
Thomas R. Colgrove, Aniruddh D. Patel

XXV



Music & Language 8 (Posters)
Saturday, 16:00, Seacliff A-C

16:00 Music and Language: Syntactic Interaction Effects Found Without Violations, and Modulated
53 7N =) 410 ) ¢ 1 395
Anna Fiveash, Genevieve McArthur, William Thompson

16:00 Creatures of Context: Recruiting Musical or Linguistic Knowledge for Spoken, Sung, and
AMDIiGUOUS Ut IO . . o vt etetesaeaeacacsasasarnsasasssansnsnsasararsssssssssnsnsnsasassassssssssnsnsnnnns 396
Christina Vanden Bosch der Nederlanden, Erin E. Hannon, Joel S. Snyder

16:00 Perception of Vowel-Consonant Duration Contrasts in 8-Month-Old Infants .............cccvevicvnnnnnn. 397
Christine D. Tsang, Simone Falk

16:00 A Novel Auditory Classification Paradigm for Developmental Music Cognition Research ............. 398
Justin Lane Black, Erin E. Hannon

16:00 Modality and Tempo of Metronome-Timed Speech Influence the Extent of Induced Fluency
Effect in Stuttering SPeakers. . ....uuuiri e tarissarasassasasassasasasnssssasnssssasnssssasnssssasnssssnsns 399
Lauren Amick, Katherine B. Jones, Juli Wade, Soo-Eun Chang, J. Devin McAuley

16:00 A Study on Analysis of Prosodic and Tonal Characteristics Emotional Vocabularies in Korean
J P2 0T P Te I 10 Y] 4o L VN 400
Soo Yon Yi, Hyun Ju Chong

16:00 The Association Between Musical Skills and Grammar Processing in Childhood ....................... 401
Swathi Swaminathan, E. Glenn Schellenberg

Music & Meaning 1

Thursday, 14:00-15:00, Bayview B, Session Chair: Martin Norgaard

14:00 Evaluating the Musical Protolanguage Hypothesis Using a Serial Reproduction TasK .................. 402
William Thompson, Anna Fiveash, Weiyi Ma

14:30 Instrumental Functionality and its Impact on Musical Perception .........ccovvevucrerncraernrncrnennnas 403
Morten Schuldt-Jensen

Music & Movement 1

Tuesday, 11:30-12:30, Bayview A, Session Chair: Petri Toiviainen

11:30 The Conductor as Guide: Gesture and the Perception of Musical Content............covvverenrararannns 404
Anita B. Kumar, Steven J. Morrison

11:45 How Music Moves Us: Entraining to Musicians’ MOVEIMENTS - ......cuiurururnrnmnmrararararararasnnnnnnns 406
Roger Chaffin, Alexander P. Demos

12:00 The Effect of Attention on Adaptive and Anticipatory Mechanisms Involved in Sensorimotor
1537 8 1 610 1.2 Lo (0 4 00N 407
Bronson Harry, Carla Pinto, Peter Keller

12:15  Gesture, Embodied Cognition, and Emotion: Comparing Hindustani Vocal Gharanas in
o3 0 0= 1 4 Lo A 408

Hans Utter
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Music & Movement 2
Thursday, 11:00-12:30, Seacliff D, Session Chair: Marc Thompson

11:00

11:30

12:00

The Effects of Ancillary Gestures on Interpersonal Coordination in Ensembles ................ccvuvuen 409
Petri Toiviainen, Peter Keller

Connecting Conductor Gesture to Compositional Features and Conductors’ Expressive

Intentions: An Exploratory Kinematic Study .........ccviiiiiiiiiiio i iie i esararasnaraerasnnrnnsnnnns 410
Yu-Fen Huang, Nikki Morvan, Raymond MacDonald, Simon Coleman

The Sounds of Movements: Self-Other Perception of Musical Gestures in Multimodal

(@0 T 110 70 ) 0 - 411
Jesper Hohagen, Clemens Wollner

Music & Movement 3
Friday, 08:30-10:00, Bayview A, Session Chair: Roger Chaffin

8:30

9:00

9:30

The Loss and Regain of Coordinated Behavior in Musical DUOS........c.cvivivararararnrirnnnnsnsanararas 413
Andprea Schiavio, Ashley E. Walton, Matthew Rodger, Johanna Devaney

Impact of Event Density and Tempo on Synchronization Ability in Music-Induced Movement........ 414
Birgitta Burger, Justin London, Marc R. Thompson, Petri Toiviainen

Embodied Decision-Making in Improvisation: The Influence of Perceptual-Motor Priming............. 415
Eric Clarke, Adam Linson

Music & Movement 4
Saturday, 11:00-12:30, Bayview A

Symposium: Embodiment in Electronic Dance Music
Discussants: Hauke Egermann (University of York); Marc Thompson (University of Jyvaskyld)

11:00

11:30

12:00

Embodiment in ElectroniC Dance MuUSIC. .. .uueuueetueeeuetuneeuessnersnsesnssssrsnsmsnsssnrsnsssnsssnransss 416
Marc R. Thompson, Hauke Egermann

Embodiment in Electronic Dance Music: The Performer’s Perspective .........c.cuvivevcirirancannnnnes 417
Alexander Forstel, Hauke Egermann

A Long Term Study of Tempo in Contemporary Dance Music (1999-).......cuciiiiiarararararaennnannns 418
Dirk Moelants

Embodiment in Electronic Dance Music: How EDM Shapes Body Movement...........ccocvevevenanasns 419

Birgitta Burger

Music & Movement 5 (Posters)
Wednesday, 14:00, Seacliff A-C

14:00

14:00

14:00

14:00

Animated Performance: ‘Better’ Music Means Larger MOVeMEeNtS. ......uvuririenernrararararassnansnnnss 420
Caitlyn Trevor, David Huron

Kinematic Features and Auditors’ Perception of Expressive Gesture in Romantic Piano

o3 0 0= 1 4 a3 A 424
Catherine Massie-Laberge, Isabelle Cossette, Marcelo M. Wanderley

Effects of Temporal Congruence on Evaluations of Conductor Efficacy .............ccccoviiiiiiiannn.n, 429
Cory D. Meals, Steven J. Morrison, Deborah Confredo

Measuring When We Breathe With MUSIC.......cuuiiiiiiiiiararariranasieiasrasarasasassssssnsnsnsnsararns 430
Finn Upham

XXVii



14:00

14:00

14:00

14:00

14:00

Validation of a Simple Tool to Characterize Postural Stability in the Setting of the Indian
Classical Dance FOrm, BRAVratNaty @i . ..........ueueiessasasassssssssssssnsesasasassssssssssssnsnsasnsnsns 431

Nandita K. Shankar, Ramesh Balasubramaniam
Singing About Sharing: Music Making and Preschoolers’ Prosocial Behavior ..............cc.cviveutn.. 432
Sara Lynn Beck, John Rieser

Measuring Stress in Cases of Discrepancy Between a Task Description and the Accompanying
Gesture, Using the Example of Conducting ........cicuiiiiraririrarisisinsrasararasarsssssssnsnsnsarnrns 433

Sarah Platte, Rosalind Picard, Morten Schuldt-Jensen
Movement Restriction When Listening to Music Impacts Positive Emotional Responses to and

LiKing Of PieCes Of MUSIC. .. cuuutiiisitasinsarasaasasasasasasaanasasasnssssasnssssasnssssasnssssasnssssnsns 437
Shannon Wright, Evan Caldbick, Mario Liotti
Auditory-Motor Interactions in the Music Production of Adults with Cochlear Implants............... 438

Tara Vongpaisal, Daniela Caruso

Music & Movement 6 (Posters)
Thursday, 16:00, Seacliff A-C

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

Bobbing, Weaving, and Gyrating: Musician’s Sway Reflects Musical Structure............cocvevevavarns 439
Alexander P. Demos, Roger Chaffin, Topher Logan

Short Latency Effects of Auditory Frequency Change on Human Motor Behavior ...................... 440
Amos Boasson, Roni Granot

The Wave Transformation: A Method for Analyzing Spontaneous Coordination from

Discretely Generated Data ....vucvueeerereenrnerneenreernsenrsesassnrsnsasenrsssnssnssssnssnssssnrsnsnsnnns 441
Benjamin G. Schultz, Alexander P. Demos, Michael Schutz

Hearing the Gesture: Perception of Body Actions in Romantic Piano Performances.................... 442
Catherine Massie-Laberge, Isabelle Cossette, Marcelo M. Wanderley

Participant Attitudes Toward Dalcroze Eurhythmics as a Community Fall Prevention Program

N Older AdULS . ..ottt it it itatasasasasaaaaaaaasasasasasasassssnsnsasasasasasassssnnnnnnnns 447
Hyun Gu Kang, Rodney Beaulieu, Shoko Hino, Lisa Brandt, Julius Saidro

Evaluating the Audience’s Perception of Real-Time Gestural Control and Mapping

Mechanisms in Electroacoustic Vocal Performance ...........oviiirieieicnrarararararsssssssnsnsnsarnsas 448
J. Cecilia Wu, Matt Wright

Walking to Music: How Instructions to Synchronize Alter Gait in Good and Poor Beat

PO IV LS. vttt ittt teteeeeesanesaasssnsannssnsssnssnnssnsssnssnnssnsssnssnsesnssnnssnssnnsannsnnsss 449
Lucy M. McGarry, Emily A. Ready, Cricia Rinchon, Jeff D. Holmes, Jessica A. Grahn
A Comparison of Three Interaction Measures That Examine Dyadic Entrainment.................c..... 450

Marc R. Thompson, Birgitta Burger, Petri Toiviainen

Eye Movements While Listening to Various Types of MUSIC........ccieiiiiiiiarariraririrnennnnranarnnns 451
Marek Franék, Denis Sefara, Roman Mlejnek

Periodic Body Motions as Underlying Pulse in Norwegian TeleSpringar..........ccoveririennsnrarararas 452
Mari Romarheim Haugen

Bouncing Synchronization to Vibrotactile Music in Hearing and Early Deaf People .................... 453
Pauline Tranchant, Martha Shiell, Marcello Giordano, Alexis Nadeau, Marcelo M. Wanderley,

Isabelle Peretz, Robert Zatorre

Conducting — An Intuitive Gestural Language? Exploring the Actual Impact of Conducting

L] 1 . 454
Sarah Platte, Morten Schuldt-Jensen
Dyadic Improvisation and Mirroring of Finger MOVEMENS ........ccuvicicrerarnrararassssssnsnsnsasaras 461

Tommi Himberg, Maija Niinisalo, Riitta Hari
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16:00

Let’s Dance: Examining the Differences in Beat Perception and Production Between Musicians
and Dancers USINg Motion CaPTUI'e ........uurueuieienenerarararassssssrsnsmsasasasarsssssssssnsnsnsasnsnsns 462

Tram Nguyen, Jessica A. Grahn

Music & Neuroscience 1
Tuesday, 15:30-16:30, Bayview B, Session Chair: John Iversen

15:30

15:45

16:00

16:15

Effect of Musical Training on Auditory Perception in Older Adults...........cvoviiririiiirirannnananes 463
E. Dubinsky, Gabriel A. Nespoli, L. Smith, P. Ammirante, Frank A. Russo

Experience of Sound Making Changes Neuromagnetic Responses in Perception............c.c.cvevaen. 464
Bernhard Ross, Masih Barat, Takako Fujioka

Brainstem and Cortical Responses to Sounds Presented on the Strong and Weak Beats................ 465

Kyung Myun Lee, Kyogu Lee, Il Joon Moon
Auditory Brain Oscillations During the Perception and Imagery of Musical Pitch ...................... 466
Rebecca W. Gelding, William Thompson, Blake W. Johnson

Music & Neuroscience 2
Wednesday, 10:30-12:00, Bayview B, Session Chair: Bernhard Ross

10:30

11:00

11:30

Metastability and Effective Brain Connectivity of Groove MUSIC.......cvcvririraneiriraresssrasnsssrases 467
Maria A.G. Witek, Eric Clarke, Mikkel Wallentin, Mads Hansen, Matthieu Gilson, Gustavo Deco,
Morten L. Kringelbach, Peter Vuust

Neural and Physiological Correlates of Rhythm Induced Trance..........c.cooviiiiiriririeicnananaennas 468
Michael J. Hove, Assal Habibi, Johannes Stelzer, B. Rael Cahn
A Functional and Effective Connectivity Examination of the Brain’s Rhythm Network................. 469

Dane E. Anderson, Chris L. Keown, Kathleen Gates, Aniruddh D. Patel, Daniel Callan,
Ralph-Axel Miiller, John R. Iversen

Music & Neuroscience 3
Friday, 11:00-12:30, Bayview B

Symposium: Exploring Music & Language Processing and Emotions with ECoG
Discussant: Petr Janata (UC Davis)
Conveners: Christian Mikutta (University of California Berkeley); Robert Knight (University of California Berkeley)

11:00

11:30

12:00

Exploring Music & Language Processing and Emotions with ECOG..........cccviiiiiiiririeinianannnas 470
C.A. Mikutta, Diana Omigie, Robert T. Knight, Petr Janata

Electrocorticography and Language . .......uvureusrureneirrenrararasssrsrasssssrasssssrasnssssasnssssnsns 471
Robert T. Knight

Reconstruction of Music from Direct Cortical Recordings in Humans..........c.covovevcirirancnnnnnnes 472
C.A. Mikutta, S. Martin, G. Schalk, P. Brunner, Robert T. Knight, B.N. Pasley

Hippocampus and Amygdala Interactions Associated with Musical Expectancy............cocvvavann. 473

Diana Omigie, Marcus T. Pearce, Severine Samson
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Music & Neuroscience 4
Saturday, 08:30-10:30, Bayview B, Session Chair: Takako Fujioka

8:30 Neural Correlates of Auditory and Language Development in Children Engaged in Music
5 11011 47 474
Assal Habibi, B. Rael Cahn, Antonio Damasio, Hanna Damasio

9:00 Music Use Predicts Neurobiological Indices of Well-Being and Emotion Regulation Capacity .......... 475
Tan-Chyuan Chin, Nikki S. Rickard

9:30 Neural Correlates of Dispositional Empathy in the Perception of Isolated Timbres .................... 476
Zachary Wallmark, Choi Deblieck, Marco Iacoboni

10:00 SIMPHONY: Studying the Impact Music Practice Has on Neurodevelopment in Youth ................. 481
John R. Iversen, Johanna Baker, Dalouge Smith, Terry Jernigan

Music & Neuroscience 5 (Posters)

Tuesday, 16:30, Seacliff A-C

16:30 Investigating Use-Dependent Structural Adaptations and Brain Network Connectivity:
Measuring the Effects of Different Characteristics Comprising Intensive Musical Training on
L0 4 T 33 = 110 482
Catheryn R. Shaw, Robin W. Wilkins, Robert A. Kraft

16:30 Finding the Beat: Neural Responses to Missing Pulse Rhythms ...........ccciiiiiiiiiararararnsnsnnnnanas 483
Charles S. Wasserman, Jung Nyo Kim, Edward W. Large, Erika Skoe

16:30 Examining Motor Recruitment During Incongruent Audiovisual Music Perception: A TMS
10 1) 16 ) 484
Chelsea Gordon, Ramesh Balasubramaniam, Mavrco Iacoboni

16:30 Sleep-Related Plasticity in Auditory Evoked Response After a Novel Instrument Learning............ 485
Jimmy Tobin, Takako Fujioka

16:30 A Nonlinear Dynamical Systems Approach to Auditory Scene Analysis ......c.cveveverirnrnrnrnnnnnnns 490
Ji Chul Kim, Edward W. Large

16:30 The “Musician Advantage” in Executive Functions is More Pronounced in School-Age Than
AdOlESCOIICE .. tiitiiieiiitattatacsasaesansasaasansnsanssnsnsanssnsnssnssssnssnsassnssnsnssnssnsnssnssnsnnss 491
Katri Saarikivi, Vesa Putkinen, Mari Tervaniemi

16:30 Melodic Motif Identity Modulates Encoding of Alternating Polyphonic Voices..................cccocue. 492
Madeline Huberth, Takako Fujioka

16:30 Real or Perceived? Neural Underpinnings of Expectations in the Enjoyment of Performances........ 493
Nicole K. Flaig, Elizabeth Hellmuth Margulis, Carrie Kroger, Jung Nyo Kim, Edward W. Large

16:30 Enhanced Feature Integration in Musicians: Expertise Modulates the Additivity of the MMNm
RS POMS . . ittt ittt i i ti s saaasaasssasannssnsssnssnnssnsssnssnnssnsssnssnsssnssnnssnssnnssnnssnsss 494
Niels Chr. Hansen, Andreas Hgjlund Nielsen, Cecilie Moller, Marcus T. Pearce, Peter Vuust

Music & Neuroscience 6 (Posters)

Wednesday, 14:00, Seacliff A-C

14:00 The Influence of Meter on Harmonic Syntactic Processing in Music: An ERP Study .................... 495
Clemens Maidhof, Rie Asano

14:00 Effect of Musical Expertise on the Coupling of Auditory, Motor, and Limbic Brain Networks
During MusSicC LiStening. . .....cciiiiiiii it c i ita e rasaaracsasaaransasacsansnsaasassnransasnnsansnnnns 496

Iballa Burunat, Valeri Tsatsishvili, Elvira Brattico, Petri Toiviainen

XXX



14:00

14:00

14:00

14:00

Neural Changes After Multimodal Learning in Pianists — An fMRIStudy ..........cviviiiiiiinanananns 497
Maria Celeste Fasano, Enrico Glerean, Ben Gold, Dana Sheng, Mikko Sams, Josef Rauschecker,

Peter Vuust, Elvira Brattico

Representation of Musical Beat in Scalp Recorded EEG Responses: A Comparison of Spatial

Filtering TeChniqUES ......cuiiiiiiiiiii e e i e ieaaaesasasasasasanssansnsnsasasasasassnsssnsnsnsnsnsnrns 498
Steven Losorelli, Blair Kaneshiro, Jonathan Berger

Reading the Musical Mind: From Perception to Imagery, via Pattern Classification of fMRI Data....... 500
Tudor Popescu, Hannes Ruge, Oren Boneh, Fernando Bravo, Martin Rohrmeier

Time-Dependent Changes in the Neural Processing of Repetitive “Minimalist” Stimuli ................ 501
Tysen Dauer, Audrey Ho, Takako Fujioka

Music & Neuroscience 7 (Posters)
Thursday, 16:00, Seacliff A-C

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

Utilizing Multisensory Integration to Improve Psychoacoustic Alarm Design in the Intensive
CarE UIT . s s itissssnssassasssaasssasa s s s e sssasassssssassssssassssssssnssssnsnssssnsnssssasnssssnsns 502

Joseph J. Schlesinger

Examining Error Processing in Musical JOINT ACHON ........cviiiiiiiiiiiiiiiararararasasasanansasasararas 503
Anita Paas, Giacomo Novembre, Claudia Lappe, Catherine J. Stevens, Peter Keller

Perceived Groove and Neuronal Entrainment to the Beat.........c.ooiiimiiiiiiiiii i iiiiananaeas 504
Gabriel A. Nespoli, Frank A. Russo

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 .............cccocvvanatn, 505
Hugo Cogo-Moreira

Musical EMDR: Music, Arousal and Emotional Processing in EEG ........c.cocviviiiiiiiiinnenninanaraas 509
Marijn Coers, Daniel Myles, Joyce J. de Bruin, Rebecca S. Schaefer

The Influence of Activating versus Relaxing Music on Repetitive Finger Movement and

Associated Motor Cortical ACHVItY .....ucuiiiarai it iiiiesiratararasasasssasansnsnsasasasasasssnnnnnnns 511
Patricia Izbicki, Brandon Klinedinst, Paul Hibbing, Allison Brinkman, Elizabeth Stegeméller

Neural Activations of Metaphor Use in Music Performance ..........cvovicvernerncrnrnnrncsssnnrnnsnnans 512
Rebecca S. Schaefer, Maansi Desai, Deborah A. Barany, Scott T. Grafton

Audio-Visual Mismatch Negativity During Musical Score Reading in Musicians ........................ 513
Shu Yu Lin, Takako Fujioka

Auditory-Motor Processing in Neural Oscillatory Beta-Band Network After Music Training in

Healthy Older AdUILS. ... .ueietiiitetasia e sas s e sasaasasasasasasasnssasasnssasasnssssasnssssasnssssnsns 514
Takako Fujioka, Bernhard Ross

Mechanical Timing Enhances Sensory Processing Whereas Expressive Timing Enhances Later

COgNItIVE PrOCEeSSITIgG vt itieitisase s sassassssssnsnsasasassssssssssssnsnsasasassssssssssssnsnsnsnsnsns 515
Takayuki Nakata, Laurel J. Trainor

Music-Induced Positive Mood Broadens the Scope of Auditory Selective Attention .................... 516
Vesa Putkinen, Tommi Makkonen, Tuomas Eerola

Auditory Deficits Compensated for by Visual Information: Evidence from Congenital Amusia....... 517
Xuejing Lu, Hao T. Ho, Yanan Sun, Blake W. Johnson, William Thompson
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Music & Personality 1
Tuesday, 14:00-15:30, Bayview B, Session Chair: Birgitta Burger

14:00

14:30

15:00

The Association of Music Aptitude and Personality in 10- to 12-Year-Old Children and Adults ....... 521
Franziska Degé, Gudrun Schwarzer

MUSEBAQ: A Psychometrically Robust Questionnaire for Capturing the Many Voices of Music

B8 7t T =3 0 1< 4 522
Tan-Chyuan Chin, Nikki S. Rickard, Eduardo Coutinho, Klaus R. Scherer
Personality and Musical Preference Using Crowd-Sourced Excerpt-Selection ...........cccovevivnnnnns. 523

Emily Carlson, Pasi Saari, Birgitta Burger, Petri Toiviainen

Music & Personality 2 (Posters)
Saturday, 16:00, Seacliff A-C

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

Demographic, Cognitive, and Personality Predictors of Musicality .........cccveviriririniiiniianananas 524
Matthew R. Labrecque, Kathleen A. Corrigall

Investigating the Role of Parents in the Perfectionistic Tendencies of University Music
13 15 U 1= 1 525

Madaleen Botha, Clorinda Panebianco-Warrens

Can Personality Traits Predict Musical Preferences? A Meta-AnalysiS........cccveiriraveiriranennnnanes 526
Thomas Schdifer

‘Transmodal’ Translation in ‘Teaching-and-Learning’ MuSiC........cvcvireririririrnrienrarararararannss 527
Annika Falthin

Young Children’s Singing MoOAesS .......cucieiarerrnrarirsrsnssasararssessssssssnsnsnasararsssssssssnsnsnns 528

Eugenia Costa-Giomi, Lucia Benetti, Molly Marek

Automated Sight-Singing AssessSment TOOL.........c.ouiiiiiiiiiiarari e it rieanaasasararararararnnnnnnns 529
Helena de Souza Nunes, Rodrigo Schramm, Claudio Rosito Jung, Lydia Wéhl Coelho

Karen S. Thomas, Raychl Smith, Sandra Teglas, Donald A. Hodges

Student Persistence in Group-Based Suzuki Music Training and Parent Ratings of Children’s
28510 0. 1 2 535

Kathleen M. Einarson, Karin S. Hendricks, Nancy Mitchell, Elizabeth M. Guerriero, Patricia D’Ercole

Cognitive Control in Musicians: Does the Task Matter? ........cvovirieieirararararararsssssnsesnsasnras 536
Marie-Eve Joret, Kobe Desender
Specific Mathematical and Spatial Abilities Correlate with Music Theory Abilities ..................... 537

Nancy Rogers, Jane Piper Clendinning, Sara Hart, Colleen Ganley

Music Education 1
Tuesday, 11:30-12:30, Marina, Session Chair: Reinhard Kopiez

11:30

11:45

The Effect of Movement Instruction in Music Education on Cognitive, Linguistic, Musical and
T 0T a8 T T ] T 1 L 544

Emese Maroti, Edina Barabds, Gabriella Deszpot, Tamara Farnadi, Ldszlo Norbert Nemes,
Borbdla Sziranyi, Ferenc Honbolygo

Singing for the Self: Exploring the Self-Directed Singing of Three and Four Year-Old Children
L 5 (0 1 4 L 545

Bronya Dean

XXX11



12:00 Memory Ability in Children’s Instrumental Musical PractiCe.........ccviviirirrarnernrnrnerarnnrannns

Larissa Padula Ribeiro da Fonseca, Diana Santiago, Victoria J. Williamson

12:15 Development and First Results from the Musical Ear Training Assessment (META).........c.cvav...

Anna Wolf, Reinhard Kopiez

Music Education 2
Wednesday, 16:30-18:00, Seacliff D, Session Chair: Bronya Dean

16:30 Innovative Approaches to Teaching Sight-Reading in Higher Education...............ccocviiiaaann..

Katie Zhukov
17:00 The Relationship Between Kindergarten Children’s Vocal Performance and Recognition of

Songs with and WithoUt WOrdsS .......ccieiiiiiiiireti i iiiasasararasasasasansnsnsasarasasasssssnnnnnns

Ana I. Pereira, Helena Rodrigues, Patricia Avila

17:30 The Development of an Assessment for Notation-Evoked Sound Imagery (NESI)...........ccvuvunenn

Anna Wolf, Reinhard Kopiez, Friedrich Platz, Luis Alfonso Estrada Rodriguez

Music Perception & Cognition Across Species 1
Thursday, 11:00-12:20, Bayview A

Symposium: Cross-Species Studies of Music Cognition
Discussant: Henkjan Honing (University of Amsterdam); Convener: Aniruddh Patel (Tufts University)

Cross-Species Studies of MusiC COgNItION. . ....cuvururieerariaeararaaearararnararasnarararanararnannnns

Aniruddh D. Patel, Henkjan Honing

11:00 Rhythmic Engagement with Complex Beat in Chimpanzees...........cvcvvirarinrnraranrnraraneararans

Yuko Hattori, Masaki Tomonaga, Tetsuro Matsuzawa
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, Andrew Rouse, Edward W. Large, Gregory Berns, Margaret Wilson, Colleen Reichmuth

11:40 Do Other Animals Perceive Cross-Cultural Features of MUSIC?.....vueevierieernnsrnnrensrnnssnnsnnnnns

Marisa Hoeschele, Daniel L. Bowling, Lauren M. Guillette, Allison H. Hahn, Bernhard Wagner,
Christopher B. Sturdy
12:00 Do Songbirds Recognize Melody on the Basis of Absolute Pitch? Challenges to a Prevailing

742k 556
Aniruddh D. Patel, Micah R. Bregman, Timothy Q. Gentner

Music Perception & Cognition Across Species 2 (Posters)

Thursday, 16:00, Seacliff A-C

16:00 An Empirical Study of Dogs HOWING t0 MUSIC .....ciciiiiiiiiiiii i iiiiiiciararasasasasnsnnnnnnsannrnns 557
Justin Yuan, Jason C. Rosenberg, Aniruddh D. Patel

Music Performance 1

Tuesday, 14:00-15:00, Seacliff D, Session Chair: Theodore Zanto

14:00 Outof Sight, INto Mind ........cociiiiiiiiii ittt i it itasatarasasasasansnsnsasasasasassssssnsnsnsnsnrass 561
Jonathan Govias

14:30 Movement Effector Training and Musical Expertise Heighten Temporal Detection Abilities......... 562

Fiona C. Manning, Anna Siminoski, Michael Schutz
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Music Performance 2
Wednesday, 16:30-17:30, Marina, Session Chair: Stacey Davis

16:30

17:00

Vocal Learning — The Acquisition of Linguistic and Musical Generative Grammars .............cccu.. 563
Stefanie Stadler Elmer

The Influence of Preliminary Listening and Complexity Level of Music on Sight-Reading

o3 0 0 P= 1 4 Lo 567
Yeoeun Lim, Seung-yeon Rhyu, Kyung Myun Lee, Kyogu Lee, Jonghwa Park, Suk Won Yi

Music Performance 3
Thursday, 14:00-15:30, Seacliff D, Session Chair: Peter Keller

14:00

14:30

15:00

Perception of “Stolen Time” in Music: An Approach to the Systematization of Piano
o3 0 3 410 571

Rima Povilioniené
Micro Manipulations, Macro Affect: Is Expressive Accent Perception Influenced by

Auditory-Biography in Live Music Performance?............ovcveiroroieirarnrararsrararossararasnannnes 575
Cynthia-Louise Dellit
The Seattle Singing Accuracy Protocol: An Automated Measure of Singing Accuracy.................. 576

Steven M. Demorest, Peter Pfordresher

Music Performance 4
Friday, 08:30-10:00, Seacliff D, Session Chair: Kyung Myun Lee

8:30

9:00

9:30

A Classical Cello-Piano Duo’s Shared Understanding with Their Audience and with Each Other....... 577
Neta Spiro, Michael F. Schober

The Role of String Register in Affective Performance ChoiCeS ........cucviverarerarararesnennnnrararnrns 578
Caitlyn Trevor, David Huron

Expressive Consistency and Creativity: A Case Study of an Elite Violinist................cociciivaeatn. 582
Stacey Davis

Music Performance 5
Saturday, 14:00-15:00, Seacliff D, Session Chair: Neta Spiro

14:00

14:15

14:30

14:45

The Role Repertoire Choice Has in Shaping the Identity and Functionality of a Chamber Music
285 7<) 0 o) (- 583

Alana Blackburn

Negotiating Incongruent Performer Goals in Musical Ensemble Performance................cvcvvuvnn.. 588
Jennifer MacRitchie, Andrea Procopio, Steffen A. Herff, Peter Keller

Limited Evidence for an Evaluation Advantage for Performance Played from Memory ................ 589
Reinhard Kopiez, Anna Wolf, Friedrich Platz

Are Visual and Auditory Cues Reliable Predictors for Determining the Finalists of a Music

Friedrich Platz, Reinhard Kopiez, Anna Wolf, Felix C. Thiesen
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Music Performance 6 (Posters)
Wednesday, 14:00, Seacliff A-C

14:00

14:00

14:00

14:00

14:00

14:00

14:00

14:00

14:00

14:00

14:00

14:00

14:00

14:00

Music, Animacy, and Rubato: What Makes Music Sound HUman?.........c.ocvevicrernerncrnsnnransnnnns 593
Adrian S. Blust, David John Baker, Kaitlin Richard, Daniel Shanahan
Metaphor Use in Skilled Movement: Music Performance, Dance and Athletics.........c.cvvviiinananns 599

Jake D. Pietroniro, Joyce J. de Bruin, Rebecca S. Schaefer

Describing Self-Talk in Music Practice COgnition. ........c.cvoviririeiiiaiarararararasasasnnsnsnsasarnnns 600
Julie M. Stephens, Amy L. Simmons

Outliers in Performed Loudness Transitions: An Analysis of Chopin Mazurka Recordings............ 601
Katerina Kosta, Oscar F. Bandtlow, Elaine Chew

How Stable are Motor Pathways in Beginning Wind Instrument Study? ........ccoviviriririnnianaranas 606
Laura A. Stambaugh

Performers’ Motions Reflect Their Intention to Express Local or Global Structure in Melody.......... 607
Madeline Huberth, Takako Fujioka

Cognitive and Affective Empathic Responses to Contemporary Western Solo Piano

o3 0 .02 1 4 Lo AR 608
Mary C. Broughton, Jessie Dimmick

Silent Reading and Aural Models in Pianists’ Mental Practice ..........ccoviviriririrncncrrararararnnnss 609
Nina Loimusalo, Erkki Huovinen

Auditory and Motor Learning for Skilled and Novice Performers. ..........cccvcuivverararararnsnnnnnnns 615
Rachel M. Brown, Virginia Penhune

Artistic Practice: Expressive Goals Provide Structure for the Perceptual and Motor

Components of MUSIiC Performance ..........uvcueerrneerarseararsnsrasasnesssasnsssrasnsssrasnsssrnsns 616
Sarah E. Allen, Carla D. Cash, Amy L. Simmons, Robert A. Duke

Attentional Control and Music Performance Anxiety: Underlying Causes of Reduced

Performance QUalily ......ocueriorierreeraeeeraeransaransnsanrsnsasanransassnssssnssnsnssnrsnssssnsansnnnns 617
Sarah E. Lade, Serena W. Tse, Laurel J. Trainor

Effect of Room Acoustics on Listeners’ Preference of String Quartet Performances Recorded

IN VIrtual ACOUSTICS .. .viiiiii it ita e a s sasansasaesanaasaneananssnsnssnrsnsnssnssnsassnsansnssnsansnsns 618
Song Hui Chon, Sungyoung Kim, Doyuen Ko

Computational Analysis of Expressive Shape in Music Performance ............cccvevievicvnrncrnennnnns 619
Taehun Kim, Stefan Weinzierl

Solo vs. Duet in Different Virtual Rooms: On the Consistency of Singing Quality Across

(@05 T 1 0 ) 3 - 624
Timo Fischinger, Gunter Kreutz, Pauline Larrouy-Maestri

Music Therapy 1
Tuesday, 11:30-12:30, Seacliff D, Session Chair: Charles Limb

11:30

11:45

12:00

The Relaxing Effect of Tempo on Music-Aroused Heart Rate.........c.cucuiiirararnrararnrnennncrararnnns 625
Edith Van Dyck, Joren Six, Marc Leman

Entrainment-Based Music Interventions for Surgery: Harnessing the ISO Principle .................... 626
Courtney Williams

The Impacts of Music-Supported Rehabilitation on Auditory Evoked Magnetic Fields in Single
IO CAS S .t utieiesecsesasasasasasssansnsnsasasnssssssssssssnsnsnsesnssssssssssssssnsnsnsasasassssssnsss 627

Claudia Freigang, Bernhard Ross, Takako Fujioka
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12:15

Neuroimaging and Therapeutic Use of Psychedelic Drugs and MuSicC ........cccviviiiriiieiiiiananaas 628
Mendel Kaelen, Romy Lorenz, Anna Simmonds, Leor Roseman, Amanda Feilding, Robert Leech,
David Nutt, Robin Carhart-Harris

Music Therapy 2 (Posters)
Thursday, 16:00, Seacliff A-C

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

16:00

Benefits of a Voice Therapy and Song Singing Group for People with ILD.........cc.oveviiviraneinnnnses 629
Merrill Tanner, Meena Kalluri, Janice Richman-Eisenstat

The Use of Therapeutic Singing Program to Enhance Vocal Quality and Alleviate Depression
of Parkinson’s Disease: CaSe S@IT@S ... ..cuuururceerurenearremnarrasnsrsrnsnsssrasnsssrasnsessasnsnssnsns 633

Eun Young Han, Ji Young Yun, Kyoung-Gyu Choi, Hyun Jju Chong

The Therapeutic Function of Music for Musical Contour Regulation Facilitation: A Model to
Facilitate Emotion Regulation Development in Preschool-Aged Children................cccoviviienn... 634

Kimberly Sena Moore, Deanna Hanson-Abromeit
Representing Change in Patterns of Interaction of Children with Communication Difficulties

Neta Spiro, Camilla Farrant, Tommi Himberg

A Two-Year Longitudinal Investigation Comparing Pitch Discrimination and Pitch Matching

SKills of YOuNg Children ..........ouiiiiiiiiiiiiraiiatasasaasasasassasasassasasassasarassssasassssasasnnnnss 636
Debbie Lynn Wolf

How Masculine is a Flute? A Replication Study on Gender Stereotypes and Preferences for

Musical Instruments Among Young Children...........c.cooviiiiiiiiiiiiiciiiaa e rasasasasassnsnsasasnnas 637
Claudia Bullerjahn, Katharina Heller, Jan H. Hoffmann

The Importance of Musical Context on the Social Effects of Interpersonal Synchrony in Infants....... 643
Laura Cirelli, Stephanie Wan, Christina Spinelli, Laurel J. Trainor

Melody Familiarity Facilitates Music Processing in 4-5-Year-Olds ..........ccioiiiiiriaricrnrnarnnnnnnns 644
Sarah C. Creel

Effects of Dark and Bright Timbral Instructions on Acoustical and Perceptual Measures of

B 0010 < o e 0 1 0 ) Lo < 648
D. Gregory Springer, Amanda L. Schlegel
Listeners Rapidly Adapt to Musical Timbre .........cccviiiiriririririianararararasasasssassnsnsnsararns 649

Elise A. Piazza, Frédéric E. Theunissen, David Wessel, David Whitney

All About That Bass: Timbre and Groove Perception in Synthesized Bass Lines........................ 650
Ivan Tan, Ethan Lustig

Music, Health, Science & Industry 1
Wednesday, 10:30-12:10, Bayview A

10:30

11:00

11:20

11:40

Mobile Experience Sampling of Music Listening Using the MuPsych App ......c.coviviiiirirancnnnnnnes 651
Will Randall, Suvi Saarikallio
BeatHealth: Bridging Rhythm and Technology to Improve Health and Wellness ....................... 652

Simone Dalla Bella, Ramesh Balasubramaniam

Optimization of Rhythmic Auditory Cueing for Gait Rehabilitation in Parkinson’s Disease ........... 653
Simone Dalla Bella, Dobromir Dotov, Sophie Bayard, Valérie Cochen de Cock, Christian Geny,

Emilie Guettard, Petra Ihalainen, Benoit Bardy

When Music (De-)Synchronizes Biology During RUNNING ........ccoviiviiiiiiiirariiriraransirasannnnases 654
Benoit Bardy, Loic Damm, Fabien Blondel, Petra Ihalainen, Déborah Varoqui, Simone Dalla Bella
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12:00 The Empowering Effect of Being Locked to the Beat of MUSIC.......c.cviviiiiiiiiiarararararannnnnnnnnas 655
Marc Leman, Edith Van Dyck, Bart Moens, Jeska Buhman

12:20  BeatHealth: A Platform for Synchronizing Music to Movement in the Real World ...................... 656
Rudi Villing, Joseph Timoney, Victor Lazzarini, Sean O’Leary, Dawid Czesak, Tomas Ward

Music, Health, Science & Industry 2
Wednesday, 15:00, Bayview A

Panel Discussion: 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)

Music, Health, Science & Industry 3
Wednesday, 16:30-17:30, Bayview A

Symposium: Leveraging Large-Scale Industrial Data to Study Musical Engagement
Discussant: Douglas Eck (Google)
Convener: Blair Kaneshiro (Stanford University)

Leveraging Large-Scale Industrial Data to Study Musical Engagement..........ccoviviririrnnnesanaranas 657
Blair Kaneshiro, Douglas Eck

16:30  Musical Correlates of Large-Scale Song Discovery: A Shazam Study.........cvcvvireranriraranenrarannns 658
Blair Kaneshiro, Casey W. Baker

16:45 Measuring Musical Inhibition: A Demographic Analysis of Sharing Performances on Social

1 (=T T 659
Jeffrey C. Smith
17:00 Learning to Play a Musical Instrument: Individual Differences and Commonalities ................u.. 660

Anssi Klapuri, Antti Hurmalainen, Oguzcan Sehiralti

17:15 Personalized Music Recommendation with Pandora ........c.cveeeviiieerrnnnerrnnnesennnsrsnnnsssnnnnsnns 661
Oscar Celma

Musical Development 1
Tuesday, 10:30-11:30, Marina, Session Chair: Adam Tierney

10:30  The Role of Updating Executive Function in Sight Reading Performance Across Development........ 662
Laura Herrero, Nuria Carriedo, Antonio Corral, Pedro R. Montoro
10:45  Auditory and Visual Beat and Meter Perception in Children............c.cviiiiiiiiiirniaiernrnaraennnas 668

Jessica E. Nave-Blodgett, Erin E. Hannon, Joel S. Snyder

11:00 Beat-Based Entrainment During Infant-Directed Singing Supports Social Engagement.................. 669
Miriam Lense, Warren Jones

11:15 Infants’ Home Soundscapes: A Portrait of American Families...........cociviiiiiiririiiraranrnrarannns 670
Eugenia Costa-Giomi
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Musical Development 2
Wednesday, 15:00-16:00, Marina, Session Chair: Miriam Lense

15:00 Fetal Facial Expression in Response to Intravaginal Music Emission ............c.ccccviviiiiiiiinnann. 671
Marisa Lopez-Teijon, Alex Garcia-Faura, Alberto Prats-Gali

15:15  Fourteen- But Not Twelve-Month-Olds Use Interpersonal Synchrony as a Cue for Third-Party
2] B2 L 100 1] 411 01 672
Laura Cirelli, Stephanie Wan, Laurel J. Trainor

15:30 Investigating the Importance of Self-Theories of Intelligence and Musicality for Students’
Academic and Musical Achievement............c..oiiiiiiiiiioiiiaiararararasasananaerasararasasasssnnnnnnns 673
Daniel Miillensiefen, Peter M.C. Harrison, Francesco Caprini, Amy Fancourt

15:45 Musical Sophistication and Musical Self-Concept Influence the Different Trajectories of
Musical Development in Secondary SChool STUAents. . ......cviviiiriiiiaiaiarararararasasasansasasarnras 674
Daniel Fiedler, Daniel Miillensiefen

Musical Development 3
Thursday, 11:00-12:30, Marina

Symposium: Advancing Interdisciplinary Research in Singing (AIRS): Early Development

Discussants: Mayumi Adachi (Hokkaido University); Stefanie Stadler-EFlmer (Schwyz University of Teacher Educa-
tion & University of Zurich)

Convener: Annabel Cohen (University of Prince Edward Is)

Advancing Interdisciplinary Research in Singing (AIRS): Early Development............coviviviennnens 679
Mayumi Adachi, Stefanie Stadler Elmer

11:00 Vocal Development in Infancy: The Role of Reflexivity During Interactions with Parents,

Grandmother, and Educator During Routine Care..........cvicverioricrrncraesnrsmrarsnramsassnransnnnns 680
Anna Rita Addessi

11:30 Toddlers’ Sinmgimg . ....cvuiiisiiiiiiiiiiatatatasasasesaaanansasasasasassasesansnsnsasasasasasssssssssnnnnnnns 681
Sandra E. Trehub

12:00 From Imitation to Creation: Children’s Developing Improvisatory SKills............ccviviviiiiinnane.. 682

Beatriz Ilari, Cara Z. Fesjian, Bronte Ficek, Assal Habibi

Musical Development 4
Saturday, 11:00-12:30, Marina

Symposium: Factors Influencing Young Children’s Singing Development
Discussants: Steven Demorest (Northwestern University); Simone Dalla-Bella (University of Montpellier)

Factors Influencing Young Children’s Singing Development .........ccvcuieireirenranranranrassassnssanss 683
Steven M. Demorest, Simone Dalla Bella
11:00 The Impact of Early Childhood Music Education on Singing Abilities ............cccoviviiriiiinannnns 684

Sean Hutchins

11:30  The Effect of Focused Instruction on Young Children’s Singing ACCUIacy .........cvevviraranrnrnarannns 685
Steven M. Demorest, Bryan Nichols, Peter Pfordresher

12:00 The Impact of Instrumental Tuition on the Development of Children’s Singing Competency.......... 686
J.A. Saunders, G.F. Welch, Evangelos Himonides, M. Sarazin, V. Moulton
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Musical Timbre 1
Friday, 08:30-10:30, Bayview B, Session Chair: Jason Noble

8:30

9:00

9:30

10:00

Developing Orchestration Theory from an Empirical Analysis Method ..............ccciiiiiiiinnts, 687
Meghan Goodchild, Stephen McAdams
Factors Influencing Instrument Blend in Orchestral EXCerpts ......c.coviviiiiriraieirirarnrirasnennnnns 688

Stephen McAdams, Pierre Gianferrara, Kit Soden, Meghan Goodchild

Contradictions in the Perception of Organ Stop Vox Humana: From a Bear’s Roar to the

Human Voice — An Analysis and Comparison of Verbal Meaning and Sound Production ............. 689
Girénas Povilionis, Rima Povilioniené

The Effect of Timbre Differences on Pitch Interval Identification in Musically Trained

LS OIIOT S e ittt ittt sanana s aaesa s s s s sannnansnsnsnsassssssssssssssnsnsasassssssssssssnsnsnsnsnsnsns 695
Sarah Gates, Stephen McAdams, Bennett K. Smith

Pitch & Tonal Perception 1
Wednesday, 08:30-10:30, Marina, Session Chair: Carol Krumhansl

8:30

9:00

9:30

10:00

Top-Down Modulation on the Perception and Categorization of Identical Pitch Contours in

Speech and Melody . ....cuuuiiiiiaransetasaasasasssasasassssasassssasassssssassssssassssssasnssssasnnsnss 696
J.L. Weidema, M.P. Roncaglia-Denissen, Henkjan Honing
The Structure of Absolute Pitch Abilities and its Relationship to Musical Sophistication .............. 697

Suzanne Ross, Karen Chow, Kelly Jakubowski, Marcus T. Pearce, Daniel Miillensiefen

Heptachord Shift: A Perceptually Based Approach to Objectively Tracking Consecutive Keys
TN WOTKS Of J.S. BaACK ..t iiitiitiiti ittt te i et tue e seaeanraannsnsnsansnnsnssnsnnsnssnsnssnsnnsnnnnnns 698

Marianne Ploger

Pauline Larrouy-Maestri, Simone Franz, David Poeppel

Pitch & Tonal Perception 2
Wednesday, 15:00-16:00, Seacliff D, Session Chair: Pauline Larrouy-Maestri

15:00

15:15

15:30

15:45

Isomorphism of Pitch and Time ........ciiiiiiiiii it i e tia it taeraesasaerassnsansnassnssnsnassnsansnnnns 700
Olivia Xin Wen, Carol Lynne Krumhansl
The Effects of Timbre on Absolute Pitch (AP) Judgment..........ovieiiiiiiiararararararsenennnnsanannnns 705

Xiaonuo Li, Jiaxuan Yu, Diana Deutsch

Using Pattern-Classification to Uncover the Dynamic Neural Representation of Pitch in a
TOMAL COM Xt . vttt eteeetee e eaeeseensnessnensansnssnssnsnssnssssnssnssnsassnssssnssnsassnssnsnssnssnsnnnns 707

Narayan Sankaran, Tom Carlson, Simon Carlile, Lincoln Colling, William Thompson
A Cross-Modal Comparison of Veridical and Schematic Expectations ..........c.cccveviivienarncrnenanns 708
Kat Agres, Moshe Bar, Marcus T. Pearce

Pitch & Tonal Perception 3
Thursday, 11:00-12:30, Bayview B

11:00

Revisiting Music Perception Research: Issues in Measurement, Standardization, and Modeling....... 709
Beatriz Ilari, Graziela Bortz, Hugo Cogo-Moreira, Nayana Di Giuseppe Germano
Absolute Pitch: In Search of a Testable Model..........ccciciiiiiiiiii it iicrcrarararasarasannnnnnnas 710

Nayana Di Giuseppe Germano, Hugo Cogo-Moveira, Graziela Bortz
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11:30  Active and Receptive Melodic Perception: Evaluation and Validation of Criteria..............cvvvuaun. 714
Graziela Bortz, Hugo Cogo-Moreira

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...........cc.oviiiiriiiiiiiarii i rariaeannnes 718
Hugo Cogo-Moreira

Pitch & Tonal Perception 4

Saturday, 08:30-10:30, Bayview A, Session Chair: Marianne Ploger

8:30 Information Dynamics of Boundary Perception: Entropy in Self-Paced Music Listening ............... 719
Haley E. Kragness, Niels Chr. Hansen, Peter Vuust, Laurel J. Trainor, Marcus T. Pearce

9:00 We are Fast Learners: The Implicit Learning of a Novel Music System from a Short Exposure ........ 720
Yvonne Leung, Roger T. Dean

9:30 Tonal Cognition: A DynamiC APProach........ccueieiiirarararerassrsrsasrasararsssssssssssnsnsasarasns 721
Duilio D’Alfonso

10:00  On the Role of Semitone Intervals in Melodic Organization: Yearning vs. Baby Steps ................. 727
Hubert Léveillé Gauvin, David Huron, Daniel Shanahan

Pitch & Tonal Perception 5 (Posters)

Thursday, 16:00, Seacliff A-C

16:00 Statistical Learning of Novel Musical Material: Evidence from an Experiment Using a Modified
Probe Tone Profile Paradigm and a Discrimination TasK .........cciviiioiiiarararararssasnssnsasnsaranns 732
A.-X. Cui, C. Diercks, N.F. Troje, L.L. Cuddy

16:00 Robust Training Effects in Congenital AMUSIa ......ccvivriiireronriraraaeararasrararaseararasnararnnnns 733
Kelly L. Whiteford, Andrew J. Oxenham

16:00 Listeners’ Perception of Rock Chords: Further Evidence for a More Inclusive Harmonic
5 <) =1 4] 5 734
Lincoln Craton, Peter Krahe, Gina Micucci, Brittany Burkins
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Testing the Robustness of the Timbre Toolbox and the MIRtoolbox

Savvas Kazazis', Nicholas Esterer', Philippe Depalle' and Stephen McAdams'
'Centre for Interdisciplinary Research in Music Media and Technology (CIRMMT), Schulich School of
Music, McGill University, Montreal, Canada

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 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 power 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 both on the length of the attack or decay times and on the shape of the slopes.
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Musicians do not experience the same impairments as non-musicians
during postural manipulations in tactile temporal order judgment tasks

James Brownl, Emily Orchard—Millsl, and David Alais'
'School of Psychology, Faculty of Science, University of Sydney, Australia

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.
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Semantic Dimensions of Sound Mass Fusion

Stephen McAdams', Jason Noble'
'Centre for Interdisciplinary Research in Music Media and Technology (CIRMMT), Schulich School of
Music, McGill University, Montreal, QC, CANADA

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 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.
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Aging Adults and Gender Differences in Musical Nuance Perception

Jennifer A. Bugos'
'School of Music, Center for Music Education Research, University of South Florida, Tampa, FL, USA

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.
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Insights into the complexities of music listening for hearing aid users

Alinka Greasleyl, Harriet Crookz, Robert Fulfordl, Jackie Salter’
'School of Music, University of Leeds, Leeds, UK
“Sheffield Teaching Hospitals NHS Foundation Trust, Sheffield, UK

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.
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The Perception of Auditory Distortion Products from Orchestral
Crotales

Alex Chechile!
'CCRMA, Stanford University, Stanford, California, United States

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 18" 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.
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Vibrotactile perception of music

Frank A. Russo'

'Department of Psychology, Ryerson University, Toronto, Ontario, Canada

While music is primarily experienced in the auditory 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.
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Perceptual Learning of Abstract Musical Patterns:
Recognizing Composer Style

Carolyn A. Bufford,”" Khanh-Phuong Thai,” Joselyn Ho", Cindy Xiong', Carly A. Hines", Philip J. Kellman"

"Department of Psychology, University of California, Los Angeles, USA
lcabufford@g.ucla.edu

ABSTRACT

How can we improve abstract pattern recognition in music? Can
principles enhancing visual learning be extended to auditory stimuli,
such as music? Perceptual learning (PL), improvements in the pickup
of information from experience, is well-established in both vision and
audition. Most work has focused on low-level discriminations, rather
than extraction of relations in complex domains. In vision, recent
research suggests that PL can be systematically accelerated in
complex domains, including aviation, medicine, and mathematics,
through perceptual and adaptive learning modules (PLMs). PLMs use
brief interactive classification trials along with adaptive spacing to
accelerate perceptual category learning. We developed a Composer
PLM to apply these techniques to recognizing composers’ styles, a
challenging, abstract, PL task involving complex relations over time.
We investigated whether (1) participants could learn composers’
styles, and (2) whether the PLM framework could be successfully
extended to rich auditory domains. On each PLM trial, participants
listened to a 15-second clip of solo piano music by one of 4 composers
(2 Baroque: Bach, Handel; 2 Romantic: Chopin, Schumann),
attempted to identify the composer, and received feedback. Before and
after multiple PLM sessions, we tested participants’ ability to
distinguish clips from composers in the PLM, unlearned composers in
trained periods (Baroque: Scarlatti; Romantic: Mendelssohn) and
composers in untrained periods (Renaissance: Byrd; post-Romantic:
Debussy). At pretest, participants’ sensitivity was at chance, but they
showed robustly improved classification at posttest on both composer
styles (p <.01) and period styles (p <.001). Results indicate that PLM
training can improve participants’ recognition of composers’ styles,
demonstrating that (1) composer style can be learned, and that (2)
PL-based interventions are effective in complex auditory domains.

I. INTRODUCTION

Humans have impressive abilities to recognize structure and

patterns in the world, in multiple modalities and many domains.

For example, we can recognize familiar voices on the phone
and identify objects at unusual sizes and angles. Music, in
particular, is a useful domain in which to study pattern
recognition because of its many patterns at many levels of
complexity and abstraction which allow research into auditory
perception across the spectrum from basic processing to
high-level real-world tasks. The simplest patterns in music are
specific note durations and pitches. Themes are more complex
patterns, but even untrained listeners can recognize a theme at
its restatement in a piece they have not heard before (Java,
Kaminska, & Gardiner, 1995). The styles of composers are
perhaps the most abstract and complex patterns that humans
can detect in music, because these patterns transcend individual
pieces or works. Research on perceptual learning as well as
research specifically on composer style contribute insights into
our ability to recognize composer styles, which are abstract
auditory patterns.

ISBN 1-876346-65-5 © ICMPC14

A. Perceptual Learning

Perceptual learning (PL) refers to improvements in the
pickup of information as a function of experience (Gibson,
1969). In particular, PL has been shown to accelerate the
development of expert pattern recognition, contributing to the
development of expertise. PL is well-established in both vision
(Sagi, 2010) and audition (Sabin, Eddins, & Wright, 2012).
Much work in both modalities has focused on expertise in
low-level discriminations. For example, many studies have
demonstrated PL in studies of pitch duration (e.g. Karmarkar &
Buonomano, 2003) or orientated visual gratings (e.g. Song,
Peng, Lu, Liu, & Li, 2007). However, perceptual learning also
supports the extraction of relations in complex domains. In
vision, recent research suggests that PL can be systematically
accelerated in aviation (Kellman & Kaiser, 1994), medicine
(Thai, Krasne, & Kellman, 2015), mathematics (e.g. Kellman
& Massey, 2013; Kellman, Massey, & Son, 2010; Landy &
Goldstone, 2007), and other complex domains. Perceptual and
adaptive learning modules (PALMs) accomplish this
acceleration by using brief, interactive classification trials (e.g.
Mettler & Kellman, 2014; Mettler, Massey, & Kellman, 2011).
PALMs have only been created for visual stimuli thus far,
which do not share the temporal nature of auditory stimuli. Can
principles enhancing visual learning be extended to auditory
stimuli, such as music?

B. Composer Style

Psychologists studying musical style perception have
focused primarily on documenting human sensitivity to period
styles (e.g. Hasenfus, Martindale & Birnbaum, 1983), leading
to the development of hundreds of machine learning programs
that simulate this impressive human ability (e.g. Widmer,
2005). However, while our human ability to recognize patterns
in period styles has been well-documented, psychologists have
done very little empirical work on whether humans have a
similar sensitivity to composer styles, a topic that
musicologists have long been interested in and discussed. Tyler
(1946) played the three movements of a Mozart sonata and
selected and played three movements each of trios by
Beethoven and Schubert to students in a music appreciation
course and found that students could distinguish between the
composers better than chance, but she did not control for
musical form (e.g. sonata or ballad) nor did she study learning.
Crump (2002) chose J. S. Bach and Mozart because the
composers were “stylistically distinct”, and then only used the
Goldberg variations for Bach and Minuets for Mozart.
Participants and a machine learning algorithm successfully
learned to distinguish these composers, but confounding
musical form with composer limits the generalizability of these
results. Due to the limitations of these studies, the empirical
proof of composer style and of the learnability of composer
style is uncertain.
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C. Current Study

We developed a Composer PALM to apply perceptual
learning technology to recognizing composers’ styles, a
challenging, abstract, perceptual learning task involving
complex relations over time. We investigated whether (1)
participants could learn composers’ styles, and (2) whether the
PALM framework could be successfully extended to a rich
auditory domain.

II. METHOD

D. Participants

Forty-three (19 men, 24 women) undergraduate students at
the University of California, Los Angeles participated for
course credit in psychology or linguistics courses. Two
participants were excluded for non-completion of the posttest.
Included participants have learned to play an instrument for on
average 7.17 years, and specifically, piano, for on average 6.88
years. Seventeen participants did not have any prior musical
training.

E. Materials

1) Music Stimuli. There were clips from eight different
composers from four different time periods (Renaissance: Byrd,
Baroque: Bach, Handel, and Scarlatti; Romantic: Chopin,
Mendelssohn, and Schumann; and post-Romantic: Debussy).
The composers were chosen partially based on the size and
availability of their musical work. The stimuli were 15-second
clips of classical piano music collected from Youtube.com or
the UCLA Music Library and were balanced with respect to
stylistic features such as tempo and form. We chose to only use
piano music so that instrumentation would not be confounded
with composer or musical period. Thus, timbral information
was relatively constant across recordings, periods, and
composers. Participants, therefore, had to rely on more
temporally extended patterns to learn to distinguish composers.
We used only modern solo piano recordings (no harpsichord or
four-hand recordings).

1) Assessments. The pretest and posttest assessments
consisted of twenty-four clips from four composers trained in
the Composer PALM (Bach, Handel, Schumann, and Chopin)
and four untrained composers (Byrd, Scarlatti, Mendelssohn,
Debussy).

Sixteen of the clips were from the trained composers (four
each), and for each of these trained composers, about two clips
were included in the PALM, and about two clips were new,
novel clips that were not included in the PALM, to test both for
learning in the PALM and for transfer. For each composer, the
clips were divided among the composer’s typical and atypical
composition style. Experienced listeners determined typicality
of composer style by listening extensively to all of the collected
clips and subjectively categorizing them as typical or atypical
of each composer’s style.

The other eight clips were from the untrained composers
(two each) - four from trained periods (Baroque and Romantic)
and four from wuntrained periods (Renaissance and
post-Romantic).

In each of 24 trials, the participants listened to a clip and
chose who they think composed the music clip. They were
given seven response options, clustered by period. Four of the
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options were the four PALM-trained composers, and the
remaining three were “Other Baroque” (Scarlatti), “Other
Romantic” (Mendelssohn), and “Other Period” (Byrd or
Debussy) (see Figure 1).

There were three versions of the assessment (A, B, C), all
containing unique clips. The amount of clips per composer in
each version was held constant. The participants were
randomly assigned versions in their pretest and posttest,
without replacement, such that no participant received the same
version in posttest as they did in pretest.

Who is the composer?

Baroque Romantic
1.) Bach 4.) Schumann
2.) Handel 5.) Chopin

3.) Other Baroque 6.) Other Romantic

7.) Other Period

Figure 1. Response options for assessment. The “Other Baroque”
composer was Scarlatti, the “Other Romantic” composer was
Mendelssohn, and the “Other Period” composers were Byrd
(Renaissance) and Debussy (post-Romantic).

2) Intervention. The Composer PALM consisted of 400
clips - 100 from each of four composers from two periods
(Baroque period: Bach and Handel, Romantic period: Chopin,
Schumann). Participants were presented with many trials, each
containing one of the fifteen-second clips. In each trial,
participants listened to a music clip and attempted to choose the
correct composer from the four given composers (Bach,
Handel, Chopin, and Schumann). If they answered correctly,
the PALM showed that their answer was correct and let them
proceed to the next trial (see Figure 1B). If their response was
incorrect, the participants were shown the correct answer and
listened to the remainder of the music clip (see Figure 1C).

For every twenty trials they completed, they were given a
feedback summary on their average accuracy and average
response time over the block of trials. Participants were also
given feedback on mastery, using objective criteria. A
participant reached mastery for a given composer when they
correctly answered four of five consecutive trials of that
composer, with a response time of less than 21s on those
correct trials. Mastery level, the number of composers
mastered, was indicated in the PALM by four circles on the
bottom of the screen; for each composer mastered, one circle
was filled in green. The module was delivered online, via a web
browser.

F. Procedure

Participants took the pretest at the laboratory. Afterwards,
they were instructed to undergo PALM training on their own
time, using their own computer, for 45 minutes every day for
seven days or until they completed the PALM by reaching
mastery for all four of the composers. We sent daily emails
reminding them to complete their training for the day as well as
updating them on their progress. Following completion of the



PALM or a maximum of seven days of training, the
participants returned to the laboratory to take the posttest.

INCORRECT

Which composer?

CORRECT

Which composer?

A B

You got that in 8.6 seconds

[ |

Bach (Baroque)

e secncaone

[ Chopin (Romantic) ] [ Schumann (Romantic) ]
[ Handel (Baroque) ] [ Handel (Barogue) ]
I Schumann (Romantic) ] [ Chopin (Romantic) I

Figure 2. Screenshots of PALM trials showing feedback. Panel A
shows a correctly answered PLM trial. Each trained composer is
a response option, and their period is noted in parentheses.
Feedback on accuracy was given on every trial. Panel B shows an
incorrectly answered PLM trial. Participants saw which
composer they had selected and which composed the music in the
clip. After incorrect answers, participants listened to the rest of
the clip.

G. Dependent Measures

This study used sensitivity as a dependent measure, with
correction 1/(10n + 1), where 7 is the number of signal trials for
hit rates and » is the number of noise trials for false alarm rates.
For example, out of the twenty-four assessment trials, four
were music clips by Bach. This means Bach had signal trials
correction 1/(10(4) + 1) = 1/41, and noise trials correction
1/(10(20) + 1)=1/201.

ITII. RESULTS

H. PALM

On average, participants completed 482.10 (range: 94 - 979,
SE =34.83) trials in 4.25 (range: 0.58 - 13.32, SE = 0.45) hours
over 6.95 (range: 1 - 16, SE = 0.51) PALM sessions before
returning to the lab.

I. Pretest Assessment

At pretest, we evaluated participants’ initial sensitivity to
each composer and period style by testing whether their pattern

of sensitivities differed from the hypothesis of no sensitivity (d’

= 0). Specifically, we conducted a one-way repeated-measures
analysis of variance (ANOVA) of Composer (Bach, Chopin,
Handel, Mendelssohn, Scarlatti, Schumann, Other Period
[Byrd+Debussy]) on sensitivity. Our custom hypothesis test of
the insensitivity hypothesis confirmed that participants were
insensitive to composer styles (M =-0.11, SE =0.17) at pretest,
F(1,40)=0.42, p = .52, partial-eta-squared = 0.01. A second
one-way repeated-measures ANOVA of Period (Baroque,
Romantic, Other Period [Renaissance + post-Romantic]) on
sensitivity with a custom hypothesis test confirmed that
participants were also insensitive to period styles (M =0.21, SE
=0.15), F(1,40) =2.08, p = .16, partial-eta-squared = 0.05.
We also conducted a manipulation check of the three
assessment versions via a mixed ANOVA of sensitivity with
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Assessment (A, B, C) as a between-subjects variable and
Period as a within-subjects variable. There was no interaction,
but there was a statistically significant main effect of
Assessment such that performance on version A (N =12, M =
-0.26, SE = 0.14) was significantly worse than performance on
versions B (N =12, M=0.29, SE=0.14)and C(N=17, M =
0.24, SE = 0.12), Pillai’s Trace F(1,40) = 491, p = .01,
partial-eta-squared = 0.21. Because of this performance
difference, we analyzed improvement from pretest to posttest
using analyses of covariance (ANCOVAs) of sensitivity
change (d’ change = posttest d’ - pretest d’), controlling for
pretest sensitivity.

J. Composers

One of our primary goals was to empirically investigate
whether composer style could be identified and learned, by
testing sensitivity to clips’ composers. We conducted a custom
hypothesis test to test the hypothesis of no sensitivity change (d’
change = 0) in a repeated-measures ANCOVA for Composer
(Bach, Chopin, Handel, Mendelssohn, Scarlatti, Schumann,
Other Period [Byrd+Debussy]) on sensitivity change,
covarying out pretest sensitivity. The custom hypothesis test
confirmed that participants significantly improved their
sensitivity to composers (see Figure 3) from pretest to posttest
(M 0.61, SE 0.21), F(1,33) = 829, p < .01,
partial-eta-squared = 0.20. We also found a significant main
effect of Composer: participants improved on all composers
(Bach M = 0.26, SE = 0.14; Chopin M = 0.36, SE = 0.14;
Mendelssohn M = 0.43, SE = 0.10; Scarlatti M = 0.29, SE =
0.10; Schumann M = 0.59, SE = 0.14; Byrd and Debussy M =
0.38, SE = 0.12) except Handel (M =-0.17, SE = 0.14), Pillai’s
Trace F(6,28) = 3.05, p = .02, partial-eta-squared = 0.40.

0.8

0.6 H Pretest

H Posttest
0.4
_ 02
0.0
-0.2
-0.4
-0.6
X & & & &> & &
S K S RO & &
A o P b@\% oF 6&& O
o S
Composer

Figure 3. Participants’ sensitivity at pretest and posttest for the
seven possible composer options in the assessment. The trained
composers (included in the PLM) were Bach, Chopin, Handel,
and Schumann.

K. Periods

Given that our composers were clustered in the Baroque and
Romantic periods and that sensitivity to period style has been
well-documented (e.g. Hasenfus et al., 1983), we were
interested to see if our participants would incidentally learn
period style through PALM training on composers. We
included a custom hypothesis test of the hypothesis of no



change in sensitivity (d’ change = 0) in a repeated-measures
ANCOVA of Period (Baroque, Romantic, Other Period
[Renaissance + post-Romantic]) on sensitivity change,
covarying out pretest sensitivity to periods. The custom
hypothesis test demonstrated that participants significantly
improved their sensitivity to periods (M = 1.18, SE = 0.17)
through incidental exposure during the PALM (see Figure 4),
F(1,37) = 40.06, p < .001, partial-eta-squared = 0.52. The
ANCOVA revealed no main effect of Period: participants
performed equally well on the Baroque (M = 0.59, SE = 0.13)
and Romantic (M = 0.78, SE = 0.15) periods and the
combination of the Renaissance and post-Romantic periods (M
=0.38, SE=0.12).

1.2

B Pretest
1.0 B Posttest
0.8

0.6

d'

0.4

0.2

0.0

Romantic Other Period

Period

Baroque

Figure 4. Participants’ sensitivity at pretest and posttest for the
two trained periods (Baroque and Romantic) and the untrained
periods (“Other Period” = Renaissance and post-Romantic).

L. Familiarity

The goal of perceptual learning is not memorization of
particular instances, but learning of structural regularities that
facilitate accurate classification of new instances. If learning is
primarily of this type, we would expect that posttest
performance on familiar and novel examples should be similar.
We included both familiar clips from the PALM and novel
clips in each version of the assessment. To test for learning of
the training music and for transfer to novel clips, and assess
memorization of familiar clips as an explanation for our results,
we compared sensitivity at posttest for familiar and novel clips.
On period sensitivity at posttest, a two-way repeated-measures
ANOVA of Period (Baroque, Romantic) and Familiarity
(Familiar, Novel) confirmed no significant main effects or
interactions. Participants showed no reliable differences for
familiar Baroque (M = 1.14, SE = 0.26), novel Baroque (M =
0.80, SE = 0.20), familiar Romantic (M= 1.19, SE = 0.26), and
novel Romantic (M = 0.96, SE = 0.19) clips. These results
indicate that improvements were based on the pickup of
relevant structure through perceptual learning rather than clip
memorization.

Similarly, for composer sensitivity at posttest, we found little
evidence of familiarity for each composer. We conducted a
two-way repeated-measures ANOV A of Composer (Bach,
Handel) and Familiarity (Familiar, Novel). We found no
interaction or main effect of Composer, but we did find a main
effect of Familiarity, such that sensitivity was higher on novel
(M=0.54, SE =0.14) than familiar (M =-0.16, SE = 0.14) clips,
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F(1,40)=12.81, p <.001, partial-eta-squared = 0.24.
Participants were actually more sensitive to novel Bach (M =
0.38, SE = 0.18) and novel Handel (M = 0.72, SE = 0.22) clips
than to familiar Bach (M= -0.23, SE = 0.18) and familiar
Handel (M =-0.09, SE = 0.17) clips. This contradicts the
explanation of participants memorizing clips because
memorization predicts better performance on learned clips, not
better performance on novel clips. There is no obvious
explanation for the superiority of novel clips, but one
possibility is that the clips used in training were somewhat less
representative of the composer, or more difficult in some way,
than the clips used in the assessments.

We could not include Chopin and Schumann in the above
analysis because a programming error had caused assessment
version B to have only novel clips (no clips included in the
PALM) for Schumann, and assessment version C to have only
novel clips for Chopin. To analyze familiarity for these
composers, we conducted paired-samples #-tests on the data of
participants not impacted by the error. For Chopin, participants
(N=27) were equally sensitive to familiar (M= 0.33, SE =0.25)
and novel (M= 0.38, SE = 0.30) clips, #(26) =-0.12, p = .90,
Cohen’s d =-0.02. For Schumann, participants (N = 26) were
more sensitive to familiar (M= 0.91, SE = 0.32) than novel (M
=0.19, SE=0.18) clips, #(25)=2.18, p =.04, Cohen’s d = 0.43.
Of all the trained composers and periods, only Schumann lends
any support to the explanation of familiarity or clip
memorization. Overall, the familiarity results gave evidence
that participants learned composers’ and period styles.

IV. DISCUSSION

We used perceptual learning technology to investigate
empirically human learning of composer styles. We found that
participants successfully learned composer styles and
incidentally learned period styles. Perceptual learning
technology facilitated perceptual learning with music, complex
auditory stimuli.

Gains in sensitivity were equal for trained and untrained
composers. The improved sensitivity to untrained composers in
trained periods (i.e. Baroque: Scarlatti, Romantic:
Mendelssohn) and composers in untrained periods
(Renaissance: Byrd, post-Romantic: Debussy) must then be
due to learning of both trained composers’ styles and of the
Baroque and Romantic period styles.

Familiarity with the clips included in both the PALM and the
assessments does not explain these results. Participants
averaged 482.10 (SE = 34.83) trials in training with a 400-clip
training set, so repeating clips, particularly clips included in the
assessments, was a concern. Tests of sensitivity to familiar
versus novel clips, however, generally revealed no effect of
familiarity. For Bach and Handel, participants actually showed
significantly greater sensitivity on novel clips!

In the absence of timbral cues and instrumentation, we found
that participants could learn composer styles and period styles
with PL technology. Because composers often favor particular
forms, musical form is another potential confound, and prior
work had confounded musical form and composer (Crump,
2002; Tyler, 1946). We selected a range of musical forms for
each composer. Our participants demonstrated learning and
sensitivity under more controlled and demanding conditions
than those used in prior work. Thus, our results are strong
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empirical evidence for the existence and learnability of
composer style in humans.
Perhaps psychologists have rarely previously studied

composer style because of its complexity and difficulty to learn.

Undergraduates who have learned to play an instrument (e.g.
piano) for on average 7.17 years showed no sensitivity to
composer or period styles at pretest; with PALM training they
showed significant sensitivity to both composer styles and
period styles. Seven years of musical training was insufficient
to learn composer and period; but with only four and a half
hours of PALM training, they gained expertise in these
composer and period styles that would otherwise take years to
learn. This is remarkable.

Our results demonstrate that perceptual learning technology
is effective for learning auditory stimuli, even in complex and
challenging domains. This suggests that perceptual learning
interventions could accelerate learning in other complex
auditory domains. Perhaps future work can use perceptual
learning technology to investigate these domains, including
important domains such as language.
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Offset detection has received relatively little attention in the field of auditory perception
compared to onset detection. Previous studies of offset detection thresholds for musical
elements have examined harmonic offsets within a complex tone (Zera & Green, 1993),
as well as temporal offsets of pairs of tones (Pastore, 1983). In a temporal offset
detection task, two tones with identical onsets but slightly different offsets are played
through headphones, and a listener is asked to determine which tone ended first. By
varying the offset asynchrony of the tones across trials, one can estimate the listener’s
temporal offset judgment (TOJ) threshold: the minimum offset asynchrony required to
detect that the tones end at different times. The durations of the tones used in these
studies are typically very short (e.g., ranging in duration from 10 to 300 ms in Pastore,
1983). In contrast, notes in a musical piece, whether played by an individual instrument
or an instrumental section, can last for several seconds. Heise, Hardy, and Long (2015)
reported a TOJ threshold of approximately 100 ms for tones lasting 1500-2000 ms, but
this result warrants validation as it is much higher than reported by Pastore and assumes
100% detection (vs. 70.7% by Pastore). Our current project estimates TOJ thresholds for
a set of tones with durations similar to what listeners might encounter in a piece of music
played at a moderate tempo (120 bpm). We are conducting a psychophysical experiment
to estimate TOJ thresholds for two inharmonic tones (256 Hz and 400 Hz) played at 125,
250, 500, 1000, 1500, and 2000 ms (corresponding to sixteenth, eighth, quarter, half,
dotted-half, and whole notes, respectively). We predict that TOJ thresholds will increase
logarithmically as note duration increases. A function that relates note duration and TOJ
threshold will be useful for designing a musical transcription system or other sound event
detection algorithm that matches human perception.
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Examining the cognitive and perceptual differences between musicians
and non-musicians: A meta-analysis
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'Department of Psychology, University of Toronto Scarborough, Toronto, Ontario, Canada

Music training has been associated with improvements in both musical and non-musical cognitive
domains, as reported by a number of studies. Conflicting findings, however, make it difficult to
conclude exactly in what fashion musicians outperform non-musicians through systematic
reviews alone. To address this question, two meta-analyses were conducted to delineate whether
musicians and non-musicians differ across a range of cognitive and music processing domains,
and to determine the magnitude of such differences. Moreover, potential covariates (derived from
existing literature) were included as moderator variables. The most common of such covariates
was the amount of training that musicians have received; thus, it was hypothesized that years of
training would predict performance across domains. Additional variables believed to contribute to
differences between musicians included age of training onset, type of training, and so on, and
were similarly employed as moderator variables. As predicted, musicians significantly differed
from non-musicians on all music processing domains. Musicians also differed on many cognitive
domains: Construction and Motor Performance (d=.68), Executive Functions (d=.65), Memory
(d=.29), Neuropsychological Assessment (d=.31), Orientation and Attention (d=.40), Perception
(d=.35), and Verbal Functions and Academic Skills (d=.43); but not Concept Formation and
Reasoning (d=.183). Of more surprise was the finding from meta-regression analyses that years
of training was not related to performance in most of the cognitive and music processing
domains. In fact, years of training predicted superior performance only in Construction and Motor
Performance and Temporal Perception (p<.05). This pattern indicates a surprising finding that,
although musicians and non-musicians clearly differ across a range of musical and cognitive
processing dimensions, the amount of training does not explain differences. These results
highlight the need for a standardized protocol for defining musician samples.
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An exploration of psychoacoustic factors influencing the perception of
triangular sound shapes

Sven-Amin Lembke'
"Music, Technology and Innovation Research Centre, De Montfort University, Leicester, UK

In electroacoustic music, the way in which sound spectra evolve over time often
resembles geometric shapes (e.g., Smalley's 'spectromorphology'). For instance, such
shapes may delineate a spectrotemporal evolution in which two sides of a triangle diverge
in frequency over time. Although the perceptual clarity of the shape could be implied by
the diverging sides' trajectories, the spectral content enclosed therein could also bear
some morphological significance, suggesting that sound shapes could involve several
perceptual aspects. This study explored the acoustic factors influencing the perception of
sound shapes and how they contribute to several perceptual attributes. Triangular sound
shapes, constant in duration and frequency extent, were studied as a function of principles
known from auditory scene analysis and different scalings of frequency and amplitude. A
listening experiment employed stimuli created by granular synthesis, which allowed the
control over the density of sinusoidal grains. Two independent variables varied the
proximity among sound grains along frequency and time, respectively. Two remaining
independent variables involved different frequency and amplitude scalings, based on
either linear or psychoacoustic functions. The dependent variables considered several
ratings, assessing the perceived degree of clarity, opacity or balance of the implied shape
and the sound's degree of heterogeneity. Results from a pilot study suggest that all
investigated factors influenced perceptual aspects of sound shape. Clarity of shape
appeared to be largely unaffected by granular density, whereas density appeared to
influence other perceptual aspects. These preliminary trends require further confirmation
in the forthcoming months, which may allow associating acoustic factors with the
perceptual aspects by means of multivariate regression. Further insight into the
underlying factors will inform more complex perceptual studies on electroacoustic music.
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Knowledge-Based Expectation Effects on Pitch Perception: A cross-
cultural Behavioral and ERP Investigation

Elif Canseza Kaplan', Z. Funda Yazici®, Esra Mungan®
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*Psychology Department, Bogazi¢i University, Istanbul, Turkey

Earlier studies have shown that harmonic (e. g., Bigand & Pineau, 1997) as well as tonal
expectations (e. g., Marmel et al., 2008; Marmel et al., 2011) influence pitch processing.
Moreover, we know that different musical systems have different pitch representations.
Turkish makam music, for instance, is a microtonal musical system that divides an octave
into 24 or 36 instead of seven intervals. Hence one should expect listeners from that
culture to have a different categorical representation of pitch compared to Western
listeners, which in turn might influence their sensitivity to minute pitch deviations. The
current study aims to test the influence of both tonal expectation and musical culture on
pitch perception. In our experiment, Turkish makam musicians, Turkish nonmusicians,
and Western listeners are asked to judge whether a final note within a Turkish makam or
Western melodic sequence is in- or out-of-tune. In some cases, the final note completes
the melodic sequence (“full cadence”), in some it does not (“half cadence”). We expect
faster and more accurate out-of-tune judgments for notes that complete a cadence (cf.
Bigand & Pineau, 1997). Furthermore, due to its microtonal system we expect listeners
encultured and entrained within Turkish makam music to be more accurate in judging
pitch deviation due to potentially possessing frequency-wise more narrow pitch category
representations. It is likely that Western listeners will show a response bias effect in the
makam music context compared to the Western music context. Results will be discussed
within the framework of top-down and attention-related processes. The study also plans
to explore ERP correlates of expectation effects on pitch accuracy judgments.

ISBN 1-876346-65-5 © ICMPC14 16 ICMPC14, July 5-9, 2016, San Francisco, USA



<«

>p>

Influence of Information: How Different Modes of Writing about Music
Shape Music Appreciation Processes

Timo Fischinger, ' Michaela Kaufmann, > Wolff Schlotz "
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I. BACKGROUND

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. Already with its integration
into nineteenth century concert life, informative texts had
three central functions: 1) providing knowledge of the work in
the more narrow sense, e.g. example information on the
history of a work’s creation or a composer’s biography; 2)
providing knowledge regarding classification and valuation,
e.g. the significance of a work’s compositional and cultural
history; 3) providing knowledge of interpretation and
reception.

II. AIMS

Assuming that these types knowledge provided by texts
about music may have an effect, first, on the listeners’
aesthetic judgments, and second, on the listeners’ perception
of the music, we designed two listening experiments adapting
the framing paradigm to test these assumptions.

I11. METHOD

For both experiments participants interested in classical
music were recruited (same group of participants for both
experiments): N = 170; 56% female; mean age: 45.84 (17.30)
years (min = 19, max = 80); general musical sophistication
(Gold-MSI): 82.68 (18.22); all from the greater area of
Frankfurt. In the first experiment, participants were asked to
listen three times to identical excerpts of the third movement
of the 1st symphony in C minor op. 68 by Brahms in a
within-subject design. Prior to listening, diverging
descriptions of existing recordings either with the conductors
1) Mariss Jansons, 2) Christian Thielemann, or 3) Daniel
Barenboim were presented for each excerpt. In the second
experiment participants were asked to listen to the first
movement of the symphony in E flat major for 2 horns, 2
oboes and strings by J. Myslive¢ek (1737-1781) played by
Concerto Koln with Werner Ehrhardt. 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 Myslivecek.
Apart from that, the composer’s names were combined with
texts containing either an emotional-expressive or structural
description resulting in a 2x2 between groups design. In both
experiments, participants rated the music in the domains of
the perception of musical structure, sound qualities, musical
and emotional expressiveness, as well as liking.
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IV. RESULTS

Preliminary analyses suggest that the manipulation of
information provided influenced the way the music was
perceived and evaluated. Ratings of the depended variable
liking were significantly higher in the second experiment if
the music was preceded by texts with an emotional-expressive
compared to a structural description of the music [main effect
of text: F(1, 166) = 11.40, p <.001, n? =.064], while no effect
of composer and/or interaction between the two variables text
and composer as well as of musical expertise (Gold-MSI) was
found. Further analyses of the semantic differential data as
well as the data from the first experiment will be reported at
the conference.

V. CONCLUSION/DISCUSSION

Contextualized listening not only influences the listener’s
subjective attitude, as studies on the prestige effect have
shown extensively, but in addition, different modes of writing
about music seem to affect liking of the music heard.
Likewise, the perception of aspects pointing at the music’s
meaning, such as emotional expressiveness, are more likely to
be influenced by different modes of writing about music than
the perception of aspects on a more technical level, such as
musical structure.
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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 Varése’s
lonisation; 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 lonisation
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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Evaluating Recorded Performance:
An analysis of critics’ judgements of Beethoven
p1ano sonata recordings

Elena Alessandri, Victoria J. Williamson, Hubert Eiholzer, Aaron Williamon

Abstract—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.

Keywords—Aesthetic response, Beethoven, music criticism,
recorded performance.

1. INTRODUCTION

WHAT makes for a great performance? This question has
attracted the interest of musicians, philosophers, and
scientists for centuries, back to Hume’s debate on the nature of
aesthetic judgements [1] and Helmholtz’s studies on
physiological responses to music [2]. In recent decades studies
have identified both formal properties (e.g. balance between
stimulus simplicity and complexity) and circumstantial factors
(e.g., listener’s personality, enculturation, and familiarity) that
drive aesthetic response [3]-[5] as well as the underlying
cognitive mechanisms [6].

A corpus of research has focused on performance grading in
educational contexts: studies examined consistency and
reliability [7]-[10] and identified musical and extra-musical
factors that enter listeners’ evaluation, including performer’s
gestures and physical appearance [11]-[17].
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These efforts have improved understanding of the
phenomena underpinning the listening experience and the
determinants of performance appreciation. However, there
remains no consensus on the nature of criteria that may
reliably drive spontaneous evaluation in music listening. In
order to offer a new perspective on this debate, [18], [7] and
more recently [19] and [9] have all made calls for structured,
inductive qualitative research to explore evaluation by experts
in diverse ecologically valid contexts.

In this study we addressed this call directly through a
systematic examination of expert critics’ reviews of recorded
performance. Critical review of recorded performance is a
popular professional and commercial form of written response
to music. Recording reviews are published in paper and digital
formats and are relevant to listeners’ choices and musicians’
careers. However, despite the availability of material and its
relevance to the musical praxis, there has been little structured
enquiry on how music critics make sense of their listening
experiences [20], [21]. In particular, no research has explored
the criteria critics use in their evaluations of recorded
performance.

Our aim was to offer the first structured investigation of a
vast corpus of recording critical reviews. By looking at what
critics write, what aspects of the performance and the end-
product recording they seek out for critical attention, and how
they structure their judgements, we aimed to understand how
expert listeners conceptualize and evaluate performance. Our
two research questions were: what do critics write about when
they review recorded performance? What reasons do they
adduce to support their value judgements?

II. METHOD

We developed a hybrid qualitative/quantitative analysis
design, based on the Applied Thematic Analysis framework
[22]. Our protocol (Figure 1) featured successive steps of
quantification and data reduction techniques followed by in-
depth thematic analyses.

The protocol was semi-structured: results of previous
analyses informed and shaped subsequent steps. This allowed
a thorough examination of the review material from the
metadata, word-stem, clause, and multiple clause analysis
levels.
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A. Preparation of material

We collected reviews of Beethoven’s piano sonata
recordings (N 845) published in the monthly British
magazine Gramophone between April 1923 and September
2010 (1°050 issues). Critical text (i.e. excluding titles,
technical information, and critic’s name) was extracted and
metadata information on issue, critic, pianist and sonata
reviewed, label, presence of comparison between pianists, and
release status (new recording or re-issue) were collated into a
searchable database.

B. Overview and data reduction

Next, descriptive and inferential statistics were run on the
metadata to obtain an overview of critics, repertoire, and
pianists involved [23]. A series of quantitative/qualitative data
reduction techniques were applied to gain insights into the
textual content of reviews. These included: (i) a thick-grained
thematic analysis of a sample from the corpus (n = 67
reviews); (i) a comparison of word-stem patterns between
critics and between periods of publication (ReadMe
estimations [24]); (iii) a qualitative analysis of critics’
vocabulary with terms grouped into semantic categories
followed by (iv) a comparison of the relative use of semantic
categories between critics and periods of publication (LIWC
analysis [25]), and (v) a word-in-context [26] analysis to
disambiguate critics’ use of the term ‘expression’ and its
correlates. Details of these analyses are reported in [27] and
[28]. From the findings of these preliminary analyses a
representative selection of reviews (N = 100) was produced, to
be used in the subsequent thematic analyses.

C. Core thematic analyses

Three thematic analyses were run on the 100 selected
reviews. Analysis I mapped the different performance features
discussed in critical review [27]. Analysis II identified other
recording elements discussed (e.g. price and recording quality)
and examined how they entered into critics’ final judgements.
Analysis III focused on the overall valence expressed by
critics statements and identified evaluation criteria
underpinning critics’ judgements [29].

A double-coder analysis protocol was developed for
Analyses I and II based on [30] and [31]. This encompassed a
double-coder line-by-line open coding of a subset of the texts,
with codes discussed between researchers and structured into a
codebook. This was followed by the main researcher’s
application of the codebook to the whole dataset
(segmentation at clause level) and by an iterative process of
analysis and comparison of quotes for each code to clarify
subcategories and relationships between themes.

For Analysis III the two researchers coded the whole
dataset separately and then came together to agree on whether
each statement from the corpus presented with a positive,
negative, or neutral valence. Valence loaded statements were
then cross-analyzed with the descriptors found in Analyses I
and II to identify the main and sub-criteria that were used to
support critics’ evaluative judgements.
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D.New model development

Upon completion of the three analyses, all the findings were
compared and combined into new descriptive models that
address directly our research questions; what are the key
components of critical review content and how they are
evaluated by critics.
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Fig. 1 Schematic flowchart representation of the analysis protocol
applied in the present research.

III. RESULTS

The initial 845 Gramophone reviews encompassed
discussion of 640 performances and 205 re-issued recordings
performed by 216 pianists and reviewed by 52 critics.
Comparisons between recordings were found in 53% of texts
and reviews polarized around a few performers: 17 out of 216
pianists covered 51.95% of the review corpus.

Ten critics with a mean activity period of 21.32 years wrote
62.72% of reviews. Over the 87 years, the use of semantic
categories (words per review) varied more strongly between
critics than between periods of publication (averaged Kruskal-
Wallis across semantic categories: H;p = 52.30, p = .037
between critics, Hg= 25.56, p = .086 between decades).

As part of the thematic analyses, 10 reviews were selected
for each of the 10 most prolific critics in the original sample.
These 100 reviews (35,753 words) were published between
1934 and 2010, and entailed discussion of at least six
recordings for each of Beethoven’s 32 piano sonatas, as
performed by a total of 56 different pianists.

From the combined findings of Analyses I, II, and III, four
supervenient theme families emerged, with 14 main themes
and 55 sub-themes. The first three supervenient theme
families, Descriptive Judgement, Factual Information, and
Meta-Criticism, map out the different topics discussed in
reviews (research question one: Figure 2). The fourth
superordinate theme family, Evaluative Judgement,
summarizes the basic evaluation criteria underpinning critics’
statements (research question two: Figure 3).



<«

A. The content of recording critical review

Figure 2 visualizes the thematic outcomes of Analyses I and
II. For the sake of brevity the model summarizes the emergent
themes down to the fourth hierarchical level. Levels five and
six are reported in detail in [27].
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Fig. 2 Summary visualisation of the themes that emerged from
Analyses 1 and II. Superordinate theme families are located in the
left-hand side. Themes are visualised hierarchically moving from left
to right down to the fourth hierarchical level. In parentheses under
each theme name is the number of times the theme was coded in the
texts. Each time a sub-theme was coded, the relevant higher-order
themes were coded as well.

The largest theme family in reviews entailed
characterizations of the recorded performance that require the
critic’s opinion or subjective conclusion (Descriptive
Judgement, 2,260). The largest and most varied group of
Descriptive Judgements were characterizations of the
Performance (2,123). This group entailed comments on the
musical sound, level of energy, and mechanics of delivery
(Primary Descriptors, 719) as well as higher-order impressions
of the performance in terms of artistic style, structure,
dialogue, character, emotion, and understanding (Supervenient
Descriptors, 1,404). Among Supervenient Descriptors, a group
of statements characterized the performance focusing on
presumed Performer Qualities (a performer’s understanding,
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affective states, moral qualities, or intentionality: 421). The
construct of musical expression emerged in reviews as multi-
layered: the term ‘express’ and its correlates were used in
relation to Primary and Supervenient Descriptors to indicate
the way performers use their performance options (e.g., timing
or dynamics), the portrayal of music structural patterns, or the
outer manifestation of (defined or undefined) inner states.

Besides Performance, reviews entailed, on average,
discussion of at least three other recording elements. These
were mainly characterizations of the Composition (80) in
terms of character, structure, or compositional style plus a few
considerations on the content of sleeve notes
(Supplementaries, 12), character of the Recorded Sound (10)
or Performer’s general artistic or personal traits (10). A
subgroup within these comments focused on challenges faced
by the people involved in the recording production (composer,
performer, engineers: Difficulty, 47). The relative frequency
with which the different Descriptive Judgements were used
in reviews was highly consistent between the ten critics
(Cronbach’s o = .986 for performance statements and o = .962
for extra-performance statements).

Besides Descriptive Judgements, reviews encompassed
comments on facts (historical or current) that describe or
contextualize  the recorded performance  (Factual
Information, 257). Most Factual Information was about the
Composition performed (78), the Performer (68), and the
Recording Production (65). A subgroup of Factual
Information discussed the recording in the context of the
wider music market (Market, 121), for instance indicating the
availability of other recordings of the same piece(s) or by the
same pianist.

Finally, Meta-Criticism encompassed reflections on the
Process of review writing (78), on the reviewer’s past
experiences, preferences, or dispositions (Critic’s Perspective,
22), on statements by colleagues (Other Reviews, 10), and on
the function of critical review as consumers’ guidance
(Purpose, 9). These comments emerged as relevant to the
interpretation of Evaluative Judgements, as they aimed to
alert the reader to possible critic biases or hinted at how
readers should use the review when deciding what to buy.

B. Evaluation in Recording Critical Review

Figure 3 illustrates the outcomes of Analysis III. Extra
analyses were performed on the Performance theme due to its
density (6.66 codes/clause). These are reported in [29]. For the
purpose of this article, the model serves to illustrate how this
much larger theme can be conceptualized alongside the other
elements.

Evaluative Judgements entailed comments about the
worth, merit, importance or usefulness of the recorded
performance as a whole (End-Product, 28) or of its elements.
This was the most pervasive form of critical activity — the only
one found in each of the 100 reviews — and the largest single
theme arising from both the analysis of Performance (1,502)
and extra-performance (346) related statements.

In particular, Analysis III showed that Performance
evaluations in reviews were expressed both explicitly through



Evaluative Judgements and implicitly through Descriptors
that also entailed an evaluative connotation (e.g., ‘nimble
fingers’ vs. ‘overtaxed fingers’). In total, 87.57% of
Performance statements in reviews were valence loaded.
Comments on Difficulty (Figure 2) also shaped evaluations,
emphasizing the value of a performative outcome as the
performer’s, composer’s, or engineer’s achievement.

The systematic examination of the relationship between
descriptors and valence loaded statements showed that critical
evaluations can be explained through a small number of basic
criteria used reliably by all critics (Kendall's coefficient of
concordance W = 0.81, p < 0.001):

The first seven criteria were linked to the Suitability of all
the criteria given the musical context, to the Aesthetic value of
the recorded performance (Intensity, Coherence, and
Complexity) and to its Achievement value (Sureness,
Comprehension, and Endeavour). A tension emerged between
these seven criteria: critics discussed them as if they were
interdependent, so that an increase in one criterion could add
or mar other criteria (Tightrope).

Performance
(1,502) Suitability Context- |
Recorded (244) dependency
Sound " Intensity )
(162) (349)
Inst ¢ Aesthetic
nstrumen Coherence value
(19 T (259) (848)
"g Supplementaries* _ ; Complexity
g (17) \ (240)
o Composition* " Sureness
b=
E] g/ (56) (133)
® fg. L . Achievement
S = Recording . iiComprehension value
= Production* ; (139)
© (398)
= (54)
S Endavour
o Composer (126)
3 .
Live-
Performer* Performance Recording
(24) Impact criteria
Price (9 . (127)
(11) Collectability
(29)
End-| product
(28)

Fig. 3 Thematic outcome of Analysis III. Themes are visualised
hierarchically moving from left to right with evaluation criteria
emergent across the different themes clustered on the right side of the
model. The solid arrows represent related analyses while the dotted
arrows emanating from Performance visualize a process where
analyses had to be broken down due to the size and density of the
Performance theme. Asterisks represent themes were comments
could be addressed to different target audiences (labels, performers).

In addition to the seven criteria named above, two
recording-specific criteria emerged, linked to the live
performance-like experience the recording offers (Live-
Performance Impact) and to its value as an historical
document or collector’s item, linked to the semi-permanent
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nature of the recording object (Collectability).

14.65% of performance and 6.42% of extra-performance
Evaluative Judgements were comparisons, in which the
recorded performance was discussed against one or more other
recordings. Reviews were also characterized by a mixture of
absolute and relative (taste-dependent) Evaluative
Judgements, with taste-dependent judgements present in 47%
of reviews. Finally, a sub-group of Evaluative Judgements
(24) addressed the record producers (labels, performers),
criticizing their course of action or expressing a desire for a
certain product. These comments fell within the themes
Supplementaries, Composition, Recording Production, and
Performer and are heightened with an asterisk in Figure 3.

IV. DISCUSSION

We conducted the largest analysis to date on a sizeable
corpus of piano recording reviews in order to outline the
performance features and other recording elements that critics
discuss and the criteria they adduce to support their value
judgements. The final result is two descriptive models that
capture critics’ listening focus and what they think makes for a
great recorded performance.

The overall emergent picture describes the content of
recorded performance critical review in terms of Descriptive
and Evaluative Judgements of the Performance plus eight
other recording elements, particularly the Composition, the
Recorded Sound, and the Recording Production. Critics also
provided Factual Information on the recording itself and on
the surrounding recording market, as well as meta-reflections
on the process and nature of critical writing (Meta-Criticism).

Evaluative Judgements emerged as the primary critical
activity in reviews, one that is embedded in a rich variety of
Performance descriptors alongside characterizations of the
Composition performed. This finding supports the view of
music criticism as reasoned evaluation [32]. Performance
Descriptors used by critics overlapped partially with those
commonly used in research [10], [8] and educational contexts
[11]. Here however, musical ‘expression’ did not emerge as a
cohesive construct, but rather as a fluid and multi-layered
notion linked to different Primary and Supervenient
Descriptors. The ease with which critics moved from a
physical (use of musical parameters) to a psychological
(communication of inner states) notion of ‘expression’, calls
for caution in the use of this term in evaluation studies.

Despite the variety of Descriptive and Evaluative
Judgements, appraisals could be explained in terms of a few
criteria: Intensity, Coherence, and Complexity were linked to
the Aesthetic value of the recorded performance in line with
[33], [34] and [35] theories of aesthetic appreciation. Three
more criteria — Sureness, Comprehension, and Endeavour —
focused on Achievement value. Together with the Performer
Qualities descriptions and comments on Difficulty, these
findings support the intentionalist view [36], [37] and the
‘success value’ theory [32] and emphasize the importance of
perceiving the final product as a joint outcome between the
performer’s, composer’s and engineers’ achievements. Future
research should explore the extent to which this notion of



achievement could be efficiently integrated in educational
assessment schemes.

The different descriptors and criteria we have identified
were used reliably by all our critics across almost 90 years of
published review. However the criterion Suitability, the
tension between aesthetic and achievement criteria
(Tightrope), and the presence of comparative and taste-
dependent judgements, all emphasize the context-dependency
of performance evaluations in line with Sibley’s [38] context-
aware generalism. This resonates with interactionist theories
on the aesthetic experience such as the “uniformity-in-variety’
theory [39] and the processing fluency framework [6], and
suggests that future developments of assessment protocols
should account for the complex and dynamic interaction
between criteria.

In addition to the Aesthetic and Achievement values, two
recording-specific criteria emerged that focus on the recording
as a collectable and on its ability to offer a listening
experience akin to a concert (Collectability and Live-
Performance Impact). These two criteria and the weight given
in reviews to extra-performance elements, identify the
recorded performance as a unique artistic product, distinct
from live performance [40], [41]. In particular, they point at
what [42] defined as the tension between ‘creating virtual
worlds’ and ‘capturing performances’ and support the view
that recorded performance judgements need to account for the
way in which the sound “got onto the disc” [40].

Finally, the polarization of reviews around a few pianists
and performances, the use of comparative judgements,
comments on Price and Market, and recommendations
addressed to external agents, all emphasize the critics’ role as
mediators between producers and consumers. They aim to act
as a guide for consumers when deciding what product to buy
[43]-[45]. The next step for this research will explore the
extent to which this purpose is consciously intentional and its
impact on consumer choices.

V.CONCLUSIONS

We analyzed a vast corpus of critical review to map out
what expert critics write about and how they justify their
evaluations of recorded performance. Despite the focused
nature of the data source (Gramophone), repertoire
(Beethoven’s 32 piano sonatas), and format (recorded
performance) the material has provided multiple insights
relevant to research and musical practice.

The findings support but also challenge theories on
aesthetic appreciation; they provide musicians with a detailed
account of critics’ focus in their assessment of Beethoven’s
sonatas — essential in any pianists’ repertoire — and offer for
the first time two models of critical evaluation that account for
the specific nature of recorded performance as an artistic
product.

A main aim of this research was to offer a new perspective
on the performance evaluation discourse by looking at what
we can learn from expert critics’ writings. Performance critical
review emerged as a rich source material apt to systematic
investigation of both content and purpose: the present methods
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and models offer solid empirical grounds for future
comparative investigations of other forms, genre, corpora or
aspects of music critical review.
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Clouds and vectors in the spiral array as measures of tonal tension

Dorien Herremans' and Elaine Chew'
'Centre for Digital Music, Queen Mary University of London, UK

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.
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Narrative Experiences of Instrumental Pop Music

Elizabeth Hellmuth Margulis'
'Department of Music, University of Arkansas, Fayetteville, AR, USA

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.
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ABSTRACT

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 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.

I. INTRODUCTION

Most of the empirical research concerning the relationship
between music and personality has focused on how
dimensions of personality might be associated with human
beings’ reactions to, likings of, and activities around music.
Much of the early literature on the topic was centered on
musicians’ personality profiles, including findings regarding,
say, musicians’ tendency toward introversion (for a review,
see Kemp 1996). Later, there has been more emphasis on the
relationships between personality, on the one hand, and
musical listening habits and everyday musical activities and
phenomena, on the other. For example, listeners’ personality
dimensions have been shown to be associated with their
musical preferences (Rentfrow & Gosling 2003), their
emotional reactions to music (Ladinig & Schellenberg 2012),
and their ways of wusing music in everyday life
(Chamorro-Premuzic & Furnham 2007).

There is also another, longer intellectual tradition that finds
a different link between personality and music. Here, the
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question is not about how people with different personalities
might shape their musical lives differently, but rather about
whether music, as heard sound, might also come to be heard
as expressive of human personality. This idea is a
commonplace in the history of Western classical music, where
we often find composers depicting human persons in music:
one may come to think of such examples as romantic tone
poems named after historical or legendary figures (e.g.,
Strauss’ Don Juan), or Wagner’s use of leitmotifs to
characterize dramatic figures in his works. Composers have
also been interested in the concept of personality as such,
dedicating whole compositions to the four classical
temperaments (e.g., C. P. E. Bach’s Trio Sonata H. 579,
“Dialogue between a Melancholicus and a Sanguineus,” Carl
Nielsen’s Symphony No. 2, Op. 16, “The Four
Temperaments,” and Paul Hindemith’s Theme and Four
Variations (The Four Temperaments)). In its references to
personality, musicological thinking, too, has often relied on
ideas inspired by this expressive tradition. Hence Spitzer
(2013, 11) notes that “Schubert’s stand-alone songs comprise
a veritable comedie humaine of personality types” and Kramer
(1990, 5) states that “music does have referential power, even
if we are not prepared to be very precise about it. To affirm,
for example, that nineteenth-century overtures named for
Coriolanus, Manfred, and Hamlet fail to represent those
characters seems foolish if not perverse.”

In musical scholarship, such ideas have also spawned more
specific  theories concerning the personification of
music—theories of a kind that have remained conspicuously
aloof from empirical music psychology. Two types of claims
could be usefully distinguished here. First, there are the
semiotic approaches offering critical interpretations of
musical works in terms of actoriality or agency. Tarasti
connects musical actoriality with distinctive themes or motifs:
for him, it is these musical units themselves that consitute
actors, or “musical subjects that influence and perform within
the musical discourse” (Tarasti 1994, 122). Hatten extends
Tarasti’s scheme by noting that besides musical agents on the
“level of story” (often in the opposing roles of protagonists
and antagonists), these may be fused into one principal agent,
or “narrative persona which, in telling its own tale, can also
direct its own adventures” (ibid., 230). It should be noted that
these theorists do not principally discuss personification as it
might be immediately relevant to everyday listeners’
understanding of music: in musical semiotics, the main
questions are about interpretative choices justified by critical
reasoning. Hatten, for instance, speaks of difficulties in
deciding among various kinds of agency, and of weighting
them in various ways in critical interpretations of musical
scores (ibid., 225, 230). For present purposes, such
interpretive lines of music scholarship nevertheless indicate a
possibility that seeds for personifying interpretations might be
found even more generally in musical listening. Hatten,
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indeed, implies this by suggesting that as soon as music is
heard in gestural terms, there is also an implication of agency,
because a musical gesture “communicates information about
the gesturer” (Hatten 2004, 224).

Apart from semiotic theories aiming at detailed,
interpretative analyses of particular musical works, some
scholars have also presented full-scale persona theories which
go a step further toward generalized claims. Foreshadowing
the above-mentioned distinction between story-level agents
and an overarching narrative persona, Edward T. Cone (1974)
made a distinction between vocal or instrumental protagonists,
on the one hand, and what he called the complete musical
persona, on the other. For Cone, “any instrumental
composition [...] can be interpreted as the symbolic utterance
of a virtual persona. [...] [I]n every case there is a musical
personality that is the experiencing subject of the entire
composition, in whose thought the play, or narrative, or
reverie, takes place—whose inner life the music
communicates by means of symbolic gesture” (Cone 1974,
94). The complete musical persona is “by no means identical
with the composer; it is a projection of his musical
intelligence, constituting the mind, so to speak, of the
composition in question” (ibid., 57). In discussing Cone’s
theory, Robinson (2005, 329), suggests that it may help the
critic “explain what appear to be anomalies in a piece when it
is interpreted as a ‘purely musical’ structure of tones.” Again,
the question would not be whether and how impersonation
actually figures in uninformed musical listening, but rather
whether and how one might find justification for critical
practices drawing on personification. In Robinson’s (2005,
332) view, “it is appropriate to interpret a piece of
instrumental music as containing characters if this
interpretation is consistent with what is known about the
composer, including his compositional practices and beliefs,
and if interpreting the piece in this way is part of a consistent
interpretation that makes sense out of the piece as a whole.”

The philosopher Jerrold Levinson has gone further,
however, in proposing a roughly similar theory as a general
definition of musical expressiveness. Briefly, he takes a piece
of music to be expressive of a given psychological condition a
if and only if the piece is "most readily and aptly heard by the
appropriate reference class of listeners as (or as if it were) a
sui generis personal expression of a by some (imaginatively
indeterminate) individual” (Levinson 1990, 338). One
problem with such a formulation is the logical equivalence
relation (“if and only if”) that suggests musical expressivity to
be present in music in all and only those situations in which
the appropriate reference class of listeners will tend to hear
the music as an expression of an imagined persona. This may
be too strong a claim (for a discussion, see Huovinen &
Pontara 2011). For present purposes, what is more important
is the mere fact that Cone, Levinson, and Hatten would all
suggest a way of hearing music as a temporally extended
experience of or expression by a persona in the music,

fluctuating in its nuances as the music changes and progresses.

We should ask: do other listeners, too, more generally hear
music in such terms?

In discussing this issue with music students, I have found
that even despite their interest in conceptualizing
music-related phenomena, they often find it hard to accept
persona theories as intuitively credible, or even as intelligible.
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This could be because they are not as musically sensitive as
our theorist troika, or not sophisticated enough in their critical
acumen—or because the persona theorists themselves are
completely misguided. Such explanations would leave
persona theories the sole province of critical scholasticism.
Another explanation might be that the persona theorists, in
hypostatizing entities that might seem foreign to many
listeners’ everyday musical understanding, have been unable
to communicate the idea of music’s impersonation in an
accessible enough manner. In this paper, I suppose that this is
indeed the case, and I want to make the suggestion that the
source of persona theories lies simply in the ease with which
listeners may associate music with various significant spheres
and aspects of human life, and hence, potentially, with
significant dimensions of the human personality as we know it.
In other words, to say that a piece of music is easily heard as
an expressive utterance of depression by a virtual persona is
perhaps just a way of saying that when listeners’ mindsets or
contexts, for one reason or another, suggest associating the
music with thoughts about oneself or a fellow human being,
the complex associations awoken (in the reference listener
population) tend to be toward the depressive side of human
existence. From this angle, claims concerning the
impersonation of music would not hinge on positing virtual
personae or other mysterious entities “in the music.” Rather,
the core claim would simply be that in a given cultural setting,
a call to associate human personality characteristics with a
range of musical genres, styles, and textures may produce a
roughly consistent mapping. In the following study, this claim
will be evaluated by assuming the received Five-Factor Model
(Costa & McCrae 1992; see, e.g., Matthews et al. 2003) as a
conveniently fine-grained model of human personality, and by
using the participant group’s own favorite musics as a basis
for sampling the range of culturally relevant musical sounds.
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? Basically, then, we want to know whether heard music
is personified in listeners’ understanding in ways that convey
the “Big Five” traits of Neuroticism (N), Extraversion (E),
Openness (O), Agreeableness (A), and Conscientiousness (C).
These questions are approached by finding the “qualitative
extremes” of the favorite instrumental music of a listener
group in one culture, and by subjecting this music to a kind of
“personality analysis” by this group of listeners as well as by
another group of listeners in a different culture. The basic idea
is simple: on a first round of listenings, the participants would
imagine and write down scripts for associated movie scenes
involving a central protagonist. On another round of listenings,
they would then be asked to fill out standard personality
questionnaires concerning the imagined protagonists. Finally,
factor-analytical solutions of the questionnaire results would,
for both of the listener groups, indicate the extent to which
listeners’ imagery of human characters in response to the
music might reproduce something like the dimensions of the
Five-Factor Model. The working hypothesis was that this
would indeed happen in the “home culture” from which a
qualitatively varied sample of music is culled, but that such
reproduction of the Five-Factor structure might not succeed
with a group of listeners less culturally familiar with the



music. If this is right, the “personality dimensions” emerging
from the confrontation of listeners with culturally foreign
music might be either relatively coarse (with fewer than five
factors emerging in the analysis), or they might be differently
organized (reflecting a less clear understanding of the music
as “naturally” expressive of human personality).

II. EXPERIMENT 1

With reference to the overall research plan presented above,
Experiment 1 was intended to test the hypothesis that listeners
would tend to associate music from their own musical culture
with human characteristics in such a manner as to roughly
reproduce the dimensions of the Five-Factor Model of
personality. Accordingly, the Finnish listeners taking part in
Experiment 1 would first be asked to select their favorite
instrumental music to be used in the study. In the experiment,
they would hear music representing qualitative extremes of
musical genres known and valued by themselves as a
group—by young Finnish adults with an interest in music.

A. Method

1) Participants. The participants were 38 Finnish
university students of musicology (incl. 28 majors), with a
mean age of 25.4 years (sd = 7.7). They had played or sung
music actively for an average of 14.5 years (sd = 7.8), and had
participated in formal music education for an average of 9.4
years (sd = 5.7). 18 of them reported playing or singing music
daily, and the rest at least once a week. Most of them
indicated having had some experience of improvising (33)
and/or composing (21) music during the past year. The
participants also reported averages of 16.5 hours of weekly
listening to music (sd = 15.9), 7.6 hours of playing or singing
music (sd = 6.6), and 6.2 hours of watching movies or TV (sd
=6.5).

2) Preparatory Phase: Music Sampling. The purpose of
this preparatory phase was to sample the qualitative extremes
of the participants’ musical environment by having them
evaluate each others’ favorite pieces of music with regard to
their mood and their closeness to existential aspects of human
life. Each participant was given the task to select one recorded
piece of instrumental music (in any genre, style, or tradition)
which was personally important for him/her, and to upload it
as a soundfile on a course website. With two students
selecting the same piece, and one self-recorded excerpt
discarded, the resulting pool of musical selections comprised
36 pieces that, as a whole, gave an impression of the musical
tastes among the target group of listeners. In all, there were 16
selections of classical music, 8 pieces representing various
genres of rock music, 5 pieces of film or TV music, 3 musical
excerpts from video games, as well as some jazz (2), folk (1),
and gospel (1) titles.

These pieces were edited to briefer versions of a 1°30”’—
1°35”” duration (with a 3 s linear fade-out), starting either at
the beginning of the original recording, or, in cases where the
participant had suggested a more specific favorite location,
starting from there (with a 3 s fade-in, if needed). The edited
excerpts were arranged in random order and uploaded again
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on the course website, where the participants could
individually listen to them at their leisure. To counterbalance
effects of tedium, half of the participants saw the list of
musical excerpts in the opposite order. After listening to each
piece, each participant wrote down the name and composer or
performer of the excerpt if s/he knew it, and judged the
“fittingness of given opposite words to describe the mood of
the music.” The 12 bipolar, 7-point rating scales (between —3
and 3) were conceived in terms of six adjectival mood
variables (three dynamic ones and three sensory ones) as well
as six nominal human variables (three with teleological and
three with affirmative import; see Table 1 for English
translations of the original Finnish terms). The task was
carried out in the time frame of 4-14 days before the main
experiment, thus familiarizing the participants with the music
beforehand.

Table 1. The mood and human variables used in the preparatory
phase of Experiment 1

mood variables human variables

dynamic sensory teleological affirmative
moving/static |warm/cold |future/past reality/imagination
tense/relaxed |light/dark |desire/contentment |life/death
strong/weak |[soft/hard |fate/chance knowledge/doubt

The participants’ overall familiarity with each others’
favorite music was not very high: on average, they knew only
6.1 of the other participants’ music selections by either the
name and the composer/performer (sd = 3.7), and only 3.8 by
both (sd = 3.0).

Out of the 36 musical excerpts evaluated, a set of ten pieces
was selected to be used in the main experiment. The selection
process aimed at sampling the qualitative extremes of this
pool of music, by first arranging the 36 pieces in 12 ranking
orders according to the mean results on each of the scales in
Table 1. Those pieces that most often appeared at rank orders
1-3, counted from either end of the ranking, were taken as the
core of the stimulus set. Hence, as can be gleaned from Table
2, the dramatic beginning of Shostakovich’ Fifth Symphony
would appear at these rank orders for no less than seven of the
scales: in relation to the other music heard during Phase 1, this
music was experienced as extremely tense, strong, cold, and
dark, as well as reflecting desire, death, and doubt.
Conversely, the 1972 rock instrumental Sy/via by the Dutch
group Focus would be heard as light (vs. dark), and full of
contentment, reality, life, and knowledge. Other pieces with
such extremely clear profiles included the beginning of
Prokofiev’s Piano Sonata No. 7 (moving, tense, cold, hard,
chance, doubt), a piece by the French post-metal band Year of
No Light (tense, strong), and jazz pianist Bill Evans’ signature
piece Waltz for Debby (relaxed, warm, soft). As the mean
rankings shown in Table 2 reveal, these pieces tended to
appear near the extremes for most of the scales. In order to
maximize variety, additional selections were made from those
pieces that had extreme values on one or two of the scales and
did not match any of the already chosen pieces in their
qualitative profiles. Hence the opening of Alfredo Casella’s
harp sonata was experienced as congenial to imagination, the
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Table 2. The 10 pieces of music eliciting the strongest responses, and their rankings on the mood and human variables

(the top and bottom three rank orders have been bolded)

mood variables

human variables

&
£, 2 & . 2 2 z 2.z
CLASSICAL MUSIC
Casella, Sonata per arpa 6 18 29 16 17 16 |11 25 32 36 14 29 |[11.00
Prokofiev, Piano Sonata No.7 1 1 5 35 30 35 |4 10 34 32 22 35 (475
Satie, Gymnopédie 1 36 35 33 10 13 5 25 26 23 21 15 19 |10.08
Shostakovich, Symphony No. 5 24 3 3 36 36 33 |26 3 5 8 35 36 |458
Sibelius, Violin Concerto 22 5 12 31 24 27 |17 1 13 10 31 33 |933
ROCK MUSIC
Focus, Sylvia 5 28 9 7 2 17 |5 36 27 2 1 1 5.75
Gary Moore, The Loner 18 17 7 21 21 24 |35 11 2 1 22 11 10.75
Year of no light, Persephone 8 1 1 32 33 32 |17 6 10 7 28 9 6.00
JAZZ MUSIC
Bill Evans, Waltz for Debby 12 36 30 1 9 3 8 32 33 17 5 7 6.58
GAME MUSIC
Uematsu, Interrupted by Fireworks 23 32 36 13 3 10 |9 30 22 34 12 13 8.75

' Means for ranking numbers taken from the closer end of the scale (36 = 1,35 =2, etc.).

opening of Sibelius’ violin concerto sounded of desire, Erik
Satie’s simplistic piano piece Gymnopédie 1 was static and
relaxed, Max Middleton’s rock ballad The Loner in
guitarist Gary Moore’s 1987 rendition resonated with the
past, fate, and reality, and Nobue Uematsu’s music for the
1997 video game Final Fantasy VII was experienced as
weak and light, and relevant for imagination.

The set of music sampled thus not only evoked strong
immediate judgments in the participant group, but also did
this in sharply distinct fashions. It may be noted that none
of the film and TV music—supposedly engineered to
please as large groups of listeners as possible—or the
pieces most familiar to the participant group
(Tchaikovsky’s Swan Lake and Beethoven’s Moonlight
Sonata) made it to the selection based on strong responses.
Indeed, prior familiarity did not seem to play much of a
role in eliciting strong responses: Shostakovich’ Fifth
Symphony, for instance, was only recognized by three of
the participants, and hence the darkness, doubt and death
heard in it could not stem from associations to the
composer’s harsh conditions under the Soviet rule.

3) Procedure, Phase 1: Imagined Scenes. In the first
phase of the main experiment, the participants listened to
the 12 musical excerpts in a quasi-random order in a
classroom setting. On listening to each excerpt, their task
was to imagine and describe a human character that the
music could suitably depict. So as to avoid alienating
persona constructions, the task was framed with reference
to choices standardly made in film production—that is, in
cultural practices the participants would be aware of and
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probably esteem. The following instructions were given
before the experiment:

You will here ten musical excerpts. With each of these pieces
of music, imagine that you are a film director who has
carefully selected music for a scene depicting a character in
the film. Listen to the music with your eyes closed, trying to
be sensitive to the mood of the music, and imagine what sort
of a character and scene could be in question. Do not ponder
too much, but try to grasp your first intuition!

When you have arrived at a suitable character and a scene,
open your eyes and write a description addressing at least (1)
who the person depicted in the scene is, (2) what he or she is
like as a person, and (3) what is happening in the scene.

Try to write freely and spontaneously, without unnecessary
self-criticism. The more descriptive and detailed your writing,
the easier it will be to carry out Part 2 of this experiment.
Therefore, the richness of your descriptions is more
important than linguistic correctness or textual structure.

4) Procedure, Phase 2: Personality Analysis. After
completing Phase 1, and after a short break, Phase 2 of the
main experiment involved listening to the pieces of music
again and filling out standard personality questionnaires for
each of the previously imagined protagonists. The
instructions were as follows:

You will now hear the previous musical excerpts once again.
Imagine that for each piece of music, your task as film
director is to describe to the actor or actress what sort of
character he or she would be portraying in the scene
underscored by the music.
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With each musical excerpt, listen to the piece, read your
previous description about the film character, and try to
connect with the mood of the scene you described. [...]
When the music comes to a close, analyze the personality of
the film character by assessing him or her with the given
adjectives. [...]

While responding, try to keep the imagined character
constantly in your mind and empathize with his/her life
situation in order to describe the person as accurately as
possible.

The personality questionnaire, administered separately
for each of the imagined characters, was the “Short Five”
(S5) that measures the 30 facets of the Five-Factor Model
with a set of 60 comprehensive single items—that is, pairs
of positive and negative indicators intended to match expert
descriptions of the constructs as closely as possible. For the
Finnish and English versions of S5 (used in the two
experiments of the present study), Konstabel et al. (2012)
report factor level correlations ranging from .78 (English A)
to .91 (Finnish E) with the longer NEO PI-R personality
inventory (in the same language), as well as a factor
structure highly similar to the normative US NEO-PI-R
sample (with all congruence coefficients exceeding .89).

B. Results

The personality analyses from the second phase of the
experiment were subjected to exploratory factor analysis in
the software R. Parallel analysis suggested five factors to
be extracted. The factor analysis, applying the minimum
residual factoring method with promax rotation, produced
the pattern matrix shown in Table 3 (loadings of at least .40
are shown). For ease of reading, the table is organized in
five panels, corresponding to the dimensions of the
Five-Factor Model of personality—Neuroticism (N),
Extraversion (E), Openness (O), Agreeableness (A), and
Conscientiousness (C).

Unlike expected, the extracted five-factor structure
appreciably deviated from the patterns of covariation
suggested by the Five-Factor Model. In fact, only F4
faithfully reproduced the Conscientiousness dimension as
such, whereas the other factors have to be given tentative
interpretations that do not match the “Big Five.” Factor F1,
although encompassing the whole trait of Agreeableness,
also covers such items as Openness to values (06),
Openness to feelings (03), Warmth (E1), and no Angry
hostility (N2). This factor thus appears as some kind of
general Goodness dimension. Even more interestingly, F2
quite evenly mixes concepts from four of the Big Five
dimensions—Excitement seeking (E5), Openness to actions
(04), Activity (E4), Impulsiveness (N5), Openness to ideas
(05), Achievement striving (C4), and Competence (C1). I
would like to call this a Heroism dimension: it appears to
delineate a character not unlike the generic image of a
movie action hero. F3, in turn, covers much of Neuroticism,
but also the /ack of the constructs Positive emotions (E6),
Assertiveness (E3), and Trust (Al), perhaps suggesting
overall Weakness. Finally, F5, as the least significant of the
factors, simply appears as a reduced version of A,
suggesting something like Honesty.
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Table 3. Imagined persons (Finland): Factor loadings and
communalities for the 30 items of the Short Five questionnaire.

Fl| F2| F3| F4| F5| com.

Anxiety (N1) 92 .80
Angry hostility (N2) -.51 .49 .60
Depression (N3) .82 .68
Self-consciousness (N4) .65 46
Impulsiveness (N5) .76 .49
Vulnerability (N6) .80 .55
Warmth (E1) .74 78
Gregariousness (E2) 45 .62
Assertiveness (E3) -.55 .66
Activity (E4) .80 .67
Excitement seeking (ES) .84 72
Positive emotions (E6) -.56 .79
Openness to fantasy (O1) 45
Openness to aesthetics (02) |.44 47
Openness to feelings (0O3) |.66 .57
Openness to actions (O4) .81 72
Openness to ideas (O5) .57 .60
Openness to values (06) 74 .68
Trust (Al) 43 -45 .62
Straightforwardness (A2) .88 41 .64
Altruism (A3) .99 53 ].81
Compliance (A4) .89 .82
Modesty (AS5) .80 57
Tender-mindedness (A6) .94 .78
Competence (C1) 41 .49 .60
Order (C2) .88 74
Dutifulness (C3) 42 .60 57
Achievement striving (C4) 44 45 51
Self-discipline (C5) .83 .67
Deliberation (C6) .80 .66
Eigenvalues 8.74 |5.09 |3.11 |1.67 |0.71

% of variance 23 .14 .14 |.10 |.02
Cumulative variance 23 |37 |52 |.62 |.64

C. Discussion of Experiment 1

Imagining heard music to accompany film scenes and
analyzing the personalities of protagonists inhabiting these
scenes provided an intuitively acceptable way of probing
the relevance of personification theories. Judging by the
way in which participants began writing down their scripts
rather quickly and effortlessly, the task seemed to have a
degree of ecological validity for them: instead of being
persuaded to hear the music as the personal expression of a
persona residing in the music, they could relate the task to
the familiar issue of how music accompanies narrative in
movies.

Before carrying out the study, it was hypothesized that
such a task, in conjunction with a broad enough range of
more or less familiar musical sounds and styles, could
subsist a “natural” categorization of human personality
dimensions. Instead of reproducing the personality
dimensions suggested by the received Five-Factor Model,
however, the five factors extracted from personality



questionnaire data concerning the imagined protagonists
showed a very different structure. In particular, the first
three factors—tentatively labeled Goodness, Heroism, and
Weakness—grouped the questionnaire items in ways
departing from the standard Big Five conception. An
obvious reason suggests itself: the participants were, in
general, heavy media users, and hence the range of movie
protagonists imagined to accompany the heard musical
examples might also reflect the participants’ knowledge of
film and popular culture rather than just their knowledge of
real-world persons. In sum, the participants quite
consistently converged on distinct “personality profiles” for
the musical excerpts, but it seems that these profiles were
organized less by real human psychology and more by
stereotypical narrative figures ingrained by popular culture.

III. EXPERIMENT 2

In Experiment 1, the main result (that human imagery
catalyzed by the music failed to reproduce the dimensions
of the Five-Factor Model of personality) was obtained by
means of music with relative cultural familiarity to the
participants. Even though the particular pieces of music
were not very often recognized by the listeners, the stylistic
and genre characteristics of the music may nevertheless
have been quite familiar to them. Without some
cross-cultural comparison, it would be hard to assess the
extent to which cultural knowledge may have played a role
in shaping the patterns of covariation seen in the factor
analysis of the results. The purpose of Experiment 2 was,
therefore, to take the musical materials selected in Finland
and repeat the main two phases of the experiment with a
comparable group of listeners from a very different culture.
South Africa was chosen because its relative socio-cultural
and music-cultural distance to Northern Europe.

A. Method

1) Participants. The participants were 37 South African
university music majors (incl. 14 voice majors), with a
mean age of 21.5 years (sd = 2.7). They had played or sung
music actively for an average of 10.3 years (sd = 4.8), and
had participated in formal music education for an average
of 4.3 years (sd = 4.2). 24 of them reported playing or
singing music daily, and the rest at least once a month.
Most of them indicated having had some experience of
improvising (34) and/or composing (30) music during the
past year. The participants also reported averages of 25.1
hours of weekly listening to music (sd = 21.7), 14.6 hours
of playing or singing music (sd = 12.3), and 5.9 hours of
watching movies or TV (sd = 6.6).

2) Musical materials and procedure. The experiment
was conducted in a classroom setting, with the same
musical materials as in Experiment 1, and repeating the
same succession of two phases (Phase 1: Imagined Scenes,
Phase 2: Personality Analysis).
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B. Results

The personality questionnaire data from the second phase
of the experiment was subjected to a similar exploratory
factor analysis as in Experiment 1. Parallel analysis
suggested five factors to be extracted. A factoring solution
with promax rotation produced the pattern matrix shown in
Table 4 (loadings of at least .40 are shown). As should
immediately be clear, the South African participants have
analyzed their imagined protagonists in a manner that
neatly reproduces the five personality dimensions of the
Five-Factor Model.

Table 4. Imagined persons (South Africa): Factor loadings and
communalities for the 30 items of the Short Five questionnaire.

Fl| F2| F3| F4| F5| com.

Anxiety (N1) .80 .57
Angry hostility (N2) .81 .62
Depression (N3) .61 .55
Self-consciousness (N4) 77 .59
Impulsiveness (N5) .67 .38
Vulnerability (N6) .64 .53
Warmth (E1) 45 .52
Gregariousness (E2) 40 .58
Assertiveness (E3) .54 .55
Activity (E4) .89 .69
Excitement seeking (ES) .88 7
Positive emotions (E6) 57 .62
Openness to fantasy (O1) 70 .48
Openness to aesthetics (02) .62 .48
Openness to feelings (03) .63 |.46
Openness to actions (04) .62 .53
Openness to ideas (O5) 72|44
Openness to values (06) 52152
Trust (A1) .53 .55
Straightforwardness (A2) .62 .58
Altruism (A3) .80 .58
Compliance (A4) .96 75
Modesty (AS) .84 .63
Tender-mindedness (A6) 72 .63
Competence (C1) .50 43
Order (C2) .83 .70
Dutifulness (C3) 73 .55
Achievement striving (C4) .63 .61
Self-discipline (C5) .81 .67
Deliberation (C6) .80 .58
Eigenvalues 9.67 |3.47 [1.70 |1.45 |0.85

% of variance 14 112 .11 .10 |.09
Cumulative variance 14 126 |37 |48 |.57

C. Discussion of Experiment 2

Unlike initially expected, increasing the cultural distance
between the listeners and the heard music did not reduce
the dimensionality of personality associations induced by
the music, nor did it push the patterns of covariation in
these associations farther away from what would be likely
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in standard applications of personality inventories. Instead,
the number of distinct factors remained the same in the
South African and Finnish cases and, more importantly, the
dimensional structure of personality judgments for the
imagined protagonists actually approached the standard
human pattern in the case of culturally more distant
listeners. It seems, then, that despite any cultural
“irrelevance” that might be claimed for using such “foreign”
music in a music-psychological experiment with South
African participants, these listeners were, in fact, highly
capable of grasping the music as expressive of important
dimensions of human existence. While they may have been
lacking in some of the implicit cultural knowledge
concerning typical extramusical links for the relevant
musical sounds and genres, the South African listeners
approached the spectrum of heard musical sounds with a
spectrum of more general human characteristics in mind.

IV. GENERAL DISCUSSION

In audiovisual media, music is often used to illustrate
distinctions in human psychology. In classical Hollywood
movies, character types were conspicuously connected with
musical signifiers (Gorbman 1987), but there are also
subtler possibilities for using music in cinema to convey a
sense of represented subjectivity: music may sometimes
offer a glimpse, as it were, to the film character’s inner
world (Stillwell 2007; Pontara 2014). In these and other
ways, our omnipresent media cultures create and strengthen
associations between music and human personality. This is
but one aspect of a broader phenomenon of musical
topicality, whereby sets of musical pieces, styles, and
genres are gradually furnished with extramusical meaning
in populations of listeners (see Huovinen & Kaila 2015).
Such cultural processes of collective meaning-making take
place on a vast time scale, making it hard to draw
distinctions between culturally contingent associations and
ones that might be more deeply rooted in, say, analogical
gestural patterns between the music and the extramusical
world. This article has been an attempt to address such
distinctions—not by searching for universally recognizable
“musemes” (small units of musical meaning; see, e.g.,
Tagg 2013), but rather by focusing on music-driven
associations with complex, high-level psychological
properties, and by examining the internal structuredness of
such associations in cases of smaller and greater cultural
distance between the music and the listeners.

In this study, Finnish and South African listeners
listened to pieces of music representing some of the
favorite music of the Finnish group, and were asked to
imagine film characters that the music might suitably
depict. By having the participants fill out personality
questionnaires for their imagined characters, we could
employ the standard factor-analytical methods of
personality research to extract the dimensions of judgments
involved in the listeners’ human imagery. The
methodological basis for the study was given by the
Five-Factor Model of personality, which has been found to
have cross-cultural validity as a model of human

33

> >

personality trait structure (McCrae & Costa 1997). The
result that our South African listeners’ “personality analysis”
of the music-inspired protagonists closely matched the trait
structure of the Five-Factor Model suggests that the same
dimensional structure that cross-culturally emerges from
people’s judgments concerning their own personality can
also emerge from their associative imagery catalyzed by
music—even by music with some cultural distance from
their own cultural setting. This could be viewed as another
way of putting forth the old idea of music as a “universal
language”: different expressive varieties of music may
cross-culturally function as roughly reliable markers of
universally important dimensions of human personality.

Even though associative features related to human
personality may thus be cross-culturally available as tools
for the appreciation of unfamiliar music, specific cultural
knowledge may further bias such associations towards
culturally established stereotypes. In the present study, the
Finnish group of listeners, in their associative imagery
evoked by “their own music,” did not conform to the
dimensional structure suggested by the Five-Factor Model.
The whole pattern of results was, then, contrary to the
working hypothesis behind the study. It had been originally
supposed that more specific cultural knowledge of the
musical genres and stylistic features might allow listeners
to better appreciate a range of such genres and styles as
bearers of information concerning the fine distinctions in
human personality. Even if this were true to some small
extent, any such increase in acuity was here clearly
superseded by the cultural insiders’ knowledge of the
topical associations between varieties of music and
varieties of human personality. For these listeners, the
narrative imagery evoked by the music did not so much
revolve around “normal” human characters as it did around
stereotypical figures ingrained by popular culture such as
the generic “good person” or the “action hero.” In sum, it
seems that music is a medium with potential universal
significance as a signifier of human personality
characteristics, but such significance can be overridden by
culturally constructed and instilled understandings of
extramusical meaning in music.

With regard to the persona theories discussed in the
introduction, these findings suggest that the personification
of music does not need to be treated solely as a question of
careful critical interpretation of musical works. The
participants in the present study were admittely music
students with perhaps a keener interest in music’s meanings
than one would find in a general population, but they did
not have access to musical scores or information about the
genesis of the pieces heard, and they could not approach
the fleeting experimental tasks with the kind of rational
deliberation and consideration of alternative interpretive
possibilities that is characteristic of semiotic persona
theorizing. Instead, they improvised their imagined scenes
on the fly while listening, grasping the music in more
intuitive terms, and nevertheless appeared to describe a
world as rich in its dimensions of personality information
as the real human world is.

In assessing such results, there is no reason to claim, a la
Levinson, that musical expressivity comnsists in
impersonation, or should be defined in terms of it. It is
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enough to say that at will, listeners across cultures, in
response to heard music, can be expected to be capable of
easily directing their thoughts in ways that delineate either
more universal or, perhaps, more culturally impregnated
conceptions of human personality. As soon as the listener,
for one reason or another, activates person-related thoughts
or emotions in the listening situation, the music will be
readily available to shape, sharpen, focus, or rechannel this
human imagery. No hypothetical musical personae are
needed to make this happen. It is just that our lives as
human persons, in societies made up of other human
persons, are so imbued with person-related thinking that
personality-relevant associative modes are always awaiting
to be activated when heard music gets our minds to wander
into our memories, fears, hopes, plans, and dreams.
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It has been suggested that aesthetic experience is optimal when stimuli have a moderate
level of complexity. In this experiment we test this hypothesis, focusing on two musical
factors that have not been previously examined in this regard: 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
G major scale. There were three levels of range: small (2 notes), medium (6 notes), and
large (29 notes). There were also three levels of variability: 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 preferred over the low and high levels, though the difference between medium
and high levels was marginal. The predicted interaction between range and variability
was also observed. Implications will be discussed with regard to liking for melodies and
melodic encoding.
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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, the application of 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 back in
1990 (Bruner). We are overdue for a fresh look at this area of research that also takes into
account advances in basic research on music.

Aims and Method

This paper develops a contemporary review of research on music and marketing,
informed by advances in the study of music from the perspective of psychology and
neuroscience. The method involves a thorough literature review of marketing journals as
well as scientific journals featuring studies of the potential for music to influence
behavior (e.g., purchase decisions).

Results

There are three primary veins of research into music and marketing 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
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.

Conclusion

Applied research on the impact of music in marketing confirms the potential of music to
influence the human mind and brain. It also opens new avenues of inquiry into
multisensory integration and broadens our understanding of the effects of music. This
paper sheds light on research investigating music and marketing to date and relates that
work to what we currently know from basic research into the psychology and
neuroscience of music.
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ABSTRACT

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.

I. INTRODUCTION

Personality is one of the variables in the development of
musical preferences that have elicited an increasing amount of
research interest. People with different types of personalities
react differently toward the same kind of music or musical
effects. The stable relationship between musical preference
and personality was made evident in a three-year study on
adolescents (Delsing, Ter Bogt, Engels, & Meeus, 2008).
Early studies (Burt, 1939; Klimas-Kuchtowa, 2000) have
reported that extroverts prefer homogenous and sensual
music, whereas introverts prefer complex music that sound
mystical, introspective, and psychotic (Rawlings et al,
1995).A Polish study (Kopacz, M., 2005) on the relationship
between musical elements and Cattell’s personality traits
revealed several trends. Extroverts who possess such traits as
liveliness (carefree and enthusiastic), openness to change
(experimenting and freethinking), low vigilance (trusting and
forgiving), and social boldness (gregarious and
adventuresome) prefer music with melodic themes. In
particular, extroverts who exhibit social boldness also prefer
music with a faster tempo and meter. Compared with
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introverts, extroverts prefer a faster tempo. Other musical
elements (changes in tempo, dynamics, melodics, leading
instrument, and timber) do not have any relationship with
personality.

The Big Five personality inventory has been utilized to
establish the associations between an individual’s favorite
music genres and personality. Rentfrow and Gosling (2003)
tailored the Short Test of Music Preferences (STOMP) and
identified the association of personality traits to musical
genres: reflective and complex refer to blues, jazz, classical,
and folk music; intense and rebellious refer to rock,
alternative, and heavy metal; upbeat and conventional refer to
pop, country, sound tracks, and religious music; and energetic
and rhythmic refer to rap/hip-hop, soul/funk, and electronic/
dance music). Several trends of how different personality
traits (openness, extroversion, agreeableness, neuroticism, and
conscientiousness) relate to musical preference were
established (Rentfrow & Gosling, 2003). Openness was found
to be related to reflective and complex music and extroversion
to upbeat and conventional music.

Many other revealing trends were established as numerous
subsequent studies attempted to replicate and validate the
framework of Rentfrow and Gosling (2003). Openness and
extroversion exhibit consistent patterns, whereas the other
melodic themes and traits have mixed results. Individuals
exhibiting openness prefer reflective and complex music, as
supported by Brown (2012) in a study on Japanese students;
they also prefer intense and rebellious music (Swami, 2013)
but dislike upbeat and conventional music. Extroverted
individuals prefer all genres, except for reflective and
complex. However, Brown’s (2012) study on Japanese
students and Ercegovac, Dobrota, and Kuscevic’s (2015)
study on Croatian college students showed that extroverts
only like popular music. Individuals exhibiting neuroticism
are only interested in upbeat and conventional music and
dislike intense and rebellious music. Agreeable individuals
prefer upbeat and conventional (Langmeyer et al., 2012) but
dislike energetic and rhythmic (Zweigenhaft, 2008). However,
agreeableness is a significant predictor for all genres (jazz/
world, heavy, and popular) except for the classical genre in
Ercegovac, Dobrota, and Kuscevic’s study (2015). Only one
study has found that people who exhibit conscientiousness
(reliability, responsibility, and organization) prefer upbeat and
conventional music.

Researchers observed a consistent pattern in the underlying
structure of music genres. Delsing et al. (2008) identified rock
(heavy metal, punk, Gothic/wave, and rock), elite (jazz,
classical, and gospel), urban (hip-hop/rap and soul/R&B), and
pop/dance (trance/techno and top 40/charts) in their study on
Dutch adolescents. Generally, some of the genres frequently
preferred are classical and jazz, rock and heavy metal, and
rap/hip-hop. Others also mentioned country music featuring
story-telling, new age, and electronic style. Based on previous
results on the structure of musical preference, Rentfrow et al.
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(2011) further refined five dimensions/factors in the structure
of musical preference. They included musical attributes,
psychological attributes, and genres to enhance the concept of
the multifaceted nature of music styles. The five dimensions
are mellow (smooth, relaxing, romantic, R&B, and soft rock),
unpretentious (country/singer-songwriter, relaxed, not
distorted, and not intelligent), sophisticated (complex,
intelligent, inspiring, classical, world, and jazz), intense (loud,
forceful, energetic, aggressive, not relaxing, classic rock, and
heavy metal), and contemporary (rhythmic, percussive, rap,
electronica, funk, and acid jazz).

Various methods of defining music genres for preference
measurement have been presented in previous studies. The
common method utilized is to simply list a range of genre
labels and assess based on a Likert scale. Other studies
adopted a highly complicated procedure by playing musical/
audio stimuli of a representative genre for a range of selected
genres. The first step is to determine the music samples that
can fully depict the study subjects’ musical preferences. The
samples can be audio or verbal descriptors. Several studies
looked into the featured musical elements (e.g., tempo,
rhythm, melody, and instrument) in musical works to express
musical preference (Kopacz, 2005). Preference researchers
agree that “musical genres are always contextualized in a
particular culture, region and time” (Ferrer, Eerola, &
Vuoskoski, 2012, p. 500). To accurately match the genre
labels found in commercial or academic arenas with Macau
listeners’ usage, a certain procedure is implemented to clarify
what to put into the preference measurement and how.

The present study serves as a pilot study to investigate the
Macau youth’s music preference and its relation to
personality. The first step is to explore their expression of
musical preference: what (genre, label, style, feature,
category, etc.) do they use to describe their favorite music and
how?

The second step is to identify the differences and
correlations between musical preference and the Big Five
personality traits.

II. METHOD

A survey was conducted on 130 participants (57 males and
73 females) aged 18 to 25 years old (mean = 20.27, SD =
1.28) who are non-music major undergraduates enrolled in
one of the music elective courses in a Macau university. The
participants were informed of the purpose of the survey; they
expressed their willingness to participate in the study. The
survey was administered during the final 10 minutes of each
class session.

The questionnaire is composed of a Big Five personality
inventory (the 50-item version) translated to Chinese. To
obtain information on musical preference, an item asks the
respondents to write three of their favorite music genres in
free form. The item does not suggest any terms or genres to
determine how the participants express their own musical
preference.

III. RESULTS

The item on three favorite music genres received 48 terms/
labels of music with a total frequency of 242. The researcher
consolidated the labels according to psychological expression
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(soothing, relaxing, etc.), musical characteristic (allegro, light,
etc.), genre (heavy metal, folk, etc.), musical period
(romantic, modern, etc.), and performing form (choir,
orchestral, etc.). Finally, 10 factors of music (Table 1) were
obtained. The most popular factor was pop songs (Cantopop,
Mandopop, K-pop, J-pop, and English pop), accounting for 64
out of the 242 answers or 26.45%. The second factor was the
creation of uplifting music (soothing, relaxing, easy listening,
soft, slow, light, new age as used for yoga, allegro, and
positive) (19.01%). The third factor was the musical period
(classical, romantic, and modern) (14.46%). The fourth factor
consisted of band, rock, indie, post hardcore, heavy metal, and
alternative rock music (12.40%). The fifth factor included
R&B, soul, hip pop, dance, reggae, blues, and rap (10.74%).
The sixth factor was folk (folk, oldies, and country music)
with 4.55%. The seventh factor covered instrumental music
(pure music, orchestral, and piano music) (4.13%). The eighth
factor was jazz (jazz and bossa) with 3.31%. The ninth factor
covered acoustic music (electronic, anime, and acoustic)
(2.89%). The least liked one was choral (hymn, duets, church,
chant, and choir) (2.07%).

Table 1. Genre descriptors.

Music Frequency | Percentage
Pop, K-Pop, J-Pop, Cantopop, English
song, Mandopop 64 26.45
Soothing, relax, easy listening, soft,
slow, light, New Age, allegro, positive 46 19.01
Classic, Romantic, Modern 35 14 46
Band, rock, indie, post hardcore, heavy
metal, alternative rock 30 12.40
R & B, soul, hip-hop, dance, reggae,
blues, rap 26 10.74
Folk, oldies, country music 11 4.55
Pure music, instrumental, orchestral,
piano 10 413
Jazz, bossa 8 331
Acoustic, electronic, anime 7 2.89
Hymn, duets, church, chant, choir 5 2.07

The personality score was rated on a seven-point Likert
scale (see Table 2). Among the Macau youth participants,
agreeableness was the most commonly observed trait (M =
4.66), followed by conscientiousness (M = 4.42), openness (M
= 4.24), extroversion (M = 3.96, and emotional stability (M =
3.64).

ANOVA was performed to obtain the differences between
the Big Five traits and music preferences. No significant
difference was found between all personality traits and music
preferences.

Spearman’s rho correlation was utilized to analyze any
correlation between the five personality traits and music
preferences. No significant correlation was found
(extroversion: 0.0, agreeableness: —0.09, conscientiousness:
—0.10, emotional stability: —0.04, and openness: —0.05).
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Table 2. Mean, SD, Max, Min, F Value and P Value of Big Five
Personality.

Personality Trait | Mean | SD | Max | Min | F Value | P Value
Agreeableness 4.66 | .69 | 6.13 | 1.75 .598 .813
Conscientiousness | 4.42 | .87 | 7.00 | 2.00 622 793
Openness 424 | 68 | 6.70 | 2.20 1.223 283
Extraversion 396 | .78 | 590 | 1.80 1.460 .163
Emotional
stability 3.64 | .88 | 5.78 | 1.11 .866 .567

IV. DISCUSSION AND CONCLUSION

The raw data on the participants’ preferred music indicate
that the answers mainly covered the most accessible music,
such as pop (in different languages), and functional music to
enhance their daily living. The most frequently used
descriptors are positive, soothing, and relaxing. Music on the
Internet has permeated the lives of young people; many
genres, such as heavy metal and jazz, have become user
friendly. Young people depend on the Internet to search for
and share patterns to create their own listening list. In the old
days when musical knowledge was limited to the school,
Macau students did not have many choices of music genres to
express their preference other than Cantopop, the culture’s
mainstream genre. Many music labels, such as classical,
romantic, and hymns, were probably learned by the
participants through the general music education and elective
music courses they completed. Future studies can consider
modifying the pattern of the five-factor structure of Rentfrow
et al. (2011) to design a music preference inventory because it
comprises several detailed samples of music using
psychological attributes and musical attributes/elements.
Instead of asking free-form open-ended questions, future
studies should provide musical excerpts for the preference
items.

The lack of significant differences and correlations between
personality traits and music genres can be explained by the
method of preference assessment. Another explanation might
be the homogenous education background of the participants.
The effectiveness of music training, school culture, and media
provision from their 11 years of foundational education can
distort the results. Despite widespread Internet use, the
training for independent thinking might not have been
successful. As exhibited by the distribution of personality
traits, agreeable individuals are the majority. According to
literature, two traits, namely, extroversion and openness, are
robust predictors of music preferences. However, the present
study’s results do not agree with the trends found in other
cultures (Rentfrow and Gosling, 2003).
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The catchiness phenomenon: genre-specific preferences
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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.
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ABSTRACT

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.

I. INTRODUCTION

The enjoyment of music is ubiquitous among humans. Its
experience varies in the quality and intensity of engagement
with the sound, ranging from passive and subconscious to
deeply engrossed and attentive. In addition to audition —
whether active or passive — music can serve to organize and
coordinate movement, and also serves a variety of other
utilitarian and hedonistic functions. As a result, both
qualitative and quantitative measures of engagement are
elusive. Here we introduce an integrated approach to measure
musical engagement through cortical responses, physiological
markers associated with arousal and emotional response to
music, and continuous self-reports.

In recent years, the use of inter-subject correlations of
cortical responses has facilitated the study of neural
processing of naturalistic stimuli. In addition to providing a
data-driven approach toward identifying brain regions that
activate reliably across individuals, this technique has also
highlighted the promise of using neural synchrony as a
measure of attentive engagement. For example, inter-subject
correlations (ISCs) of responses recorded using functional
magnetic resonance imaging (fMRI) have been shown to
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increase during emotionally arousing film scenes (Hasson et
al., 2004) and in response to rhetorically powerful (as opposed
to rhetorically weak) speeches (Schmilzle et al., 2015). While
electroencephalographic (EEG) responses provide superior
temporal resolution, on the same time scale as musical events,
the low signal-to-noise ratio and high dimensionality of this
data modality have historically limited its feasibility in
analyzing responses to full-length, naturalistic musical works
(Kaneshiro & Dmochowski, 2015). However, a recently
developed spatial filtering technique for EEG has been
successfully applied in an ISC analysis paradigm to study
engagement with naturalistic stimuli. This technique, termed
Reliable Components Analysis (RCA), computes maximally
correlated components across a collection of EEG records
(Dmochowski et al., 2012, 2014; Dmochowski, Greaves, &
Norcia, 2015). EEG-ISCs computed in one-dimensional
subspaces of maximally reliable components have been
shown to reflect suspense, tension, and engagement with
audiovisual film excerpts (Dmochowski et al., 2012, 2014).
EEG-ISCs have also been shown to be higher for intact
excerpts of vocal music than for phase-scrambled controls
(Kaneshiro et al., 2014). Importantly, this method permits an
experimental paradigm in which EEG responses can be
compared across audience members, and stimuli representing
full works can be presented to experimental participants in a
single-exposure paradigm.

A parallel line of research has explored physiological
responses to music under the general assumption that music
does, indeed, evoke physiological responses in listeners.
Studies have often focused on physiological correlates of
emotion or arousal in response to naturalistic music excerpts.
Distinct changes in continuous physiological measurements
that correspond with particularly noticeable musical events
(such as a significant structural demarcation or a violated
expectation) are noted. Assessing synchrony of physiological
responses, the approach taken with cortical ISCs, has to our
knowledge not been attempted in music studies, though a
relationship between synchrony of heart rate and skin
conductance and subsequent charitable contributions has been
demonstrated in the setting of viewing an emotional video
excerpt (Bracken et al., 2014).

A variety of physiological responses have been employed
to characterize and measure fluctuations in arousal or
emotional valence associated with music listening. One
response of interest is the galvanic skin response (GSR),
which is generally found to increase with arousal (Gomez &
Danuser, 2004; Gomez & Danuser, 2007; Rickard 2004),
harmonic and melodic unexpectedness (Steinbeis, Koelsch, &
Sloboda, 2006; Koelsch et al., 2008; Egermann et al., 2013),
and in conjunction with musical ‘chills’ (Grewe et al., 2010).
Respiratory rate has also been found to increase for faster and
more arousing musical excerpts (Gomez & Danuser, 2004;
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Gomez & Danuser 2007; Russo, Vempala, & Sandstrom,
2013), while heart rate sometimes increased in response to
more arousing music (Russo, Vempala, & Sandstrom, 2013),
but often produced no statistically significant change from
baseline measures (Gomez & Danuser, 2004; Rickard, 2004,
Steinbeis, Koelsch, & Sloboda, 2006; Gomez & Danuser 2007,
Koelsch et al., 2008).

Ongoing behavioral responses to music along various
dimensions, including locus of attention (Madsen & Geringer,
1990), ‘aesthetic experiences’ (Madsen, Brittin, &
Capperella-Sheldon, 1993), and combined valence and arousal
measures (Schubert 2004), have been collected using
continuous response interfaces. A recent study of particular
relevance to the present study involves continuous behavioral
ratings of engagement with a live dance performance
(Schubert, Vincs, & Stevens, 2013). This study utilizes a
definition of engagement that we will use here. The authors
additionally consider both the level of engagement and the
agreement among participant responses over time. One
finding, which we will return to later, is that so-called ‘gem
moments’ — in that study described as moments of surprise —
bring about sudden rises in engagement /evel, but periods of
heightened agreement tend to occur more when audience
expectations have been established and are not interrupted.

In the present study, we aim to validate the application of
RCA and EEG-ISCs to study cortical responses to a complete
and self-contained musical excerpt from the classical
repertoire (in this case a movement from a concerto). Our
proposed collection of responses will lead to measures
intended to index both engagement (EEG, continuous
behavioral responses) and arousal (physiological responses).
The responses can additionally be categorized as objective
(neurophysiological responses) or subjective (continuous
behavioral responses). As our stimulus of interest expresses
large fluctuations in arousal, we further seek to interpret the
cortical responses among both the levels and the synchronicity
of physiological and continuous behavioral responses. Our
present analysis focuses on specific periods of very high or
low arousal within the musical excerpt, as well as with
passages of increasing harmonic and melodic tension, and the
introductions of principal and salient musical themes.

II. EXPERIMENTAL DESIGN

A. Stimuli

Stimuli for this experiment were drawn from the first
movement of Elgar’s Cello Concerto in E Minor, Op. 85,
composed in 1919. This work has been shown to induce chills
in past experiments (Grewe et al., 2007b; Grewe et al., 2010).
The version used here is the recording of the 1965 Jacqueline
du Pré performance with sir John Barbirolli and the London
Symphony Orchestra, considered to be a definitive and
influential performance of the piece (Solomon, 2009).

In descriptive music analysis, salient events are often
designated as structurally relevant. These events can include
climactic ‘highpoints’ (Agawu, 1984); the introduction and
reprise of principal thematic materials; a sudden, generally
unexpected pause; and significant changes of timbre or texture,
such as a change in orchestration or the entrance of a soloist.
Moments of this type in the Barbirolli/Du Pré recording of the
Elgar concerto are noted in Table 1.
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To prepare the experimental stimuli, we used Audacity
software to remix the original digital .m4a audio file of the
recording to mono and export to .wav format. We then loaded
the .wav file in Matlab and added a linear fade-in and fade-out
to the first and last 1000 msec of the piece, respectively. A
reversed condition was then created by reversing the stimulus
waveform. Finally, we added a second audio channel
containing intermittent clicks, which were sent directly to the
EEG amplifier for precise time-stamping of the stimuli and
were not heard by participants, and saved the outputs as
stereo .wav files.

Table 1. Points of interest in Elgar’s Cello Concerto. We identify
a set of salient musical events in the excerpt, including points at
which the primary theme is introduced (A1, A2) and the start of
sections of buildup (B1, B2), which later culminate in highpoints
of the piece (C1, C2). We additionally identify a point of low
arousal (D). Labels correspond to the labels in Figure 3.

Time | Event Label
1:23 | Entrance of cello theme Al
2:07 | Cello theme, building to high point Bl
2:31 | Highpoint Cl
3:19 | Break in content D
6:15 | Entrance of cello theme A2
6:39 | Orchestral theme, building to high point B2
7:02 | High point C2

B. Participants

For this experiment we sought healthy, right-handed
participants between 18-35 years old, with normal hearing,
who were fluent in English, and who had no cognitive or
decisional impairments. As formal musical training has been
shown to produce enhanced cortical responses to music
(Pantev et al., 1998), we sought participants with at least five
years of formal training in classical music. Qualifying forms
of training included private lessons, AP or college-level music
theory courses, and composition lessons. Years of training did
not need to be continuous. Because we wished to avoid
involuntary motor activations found to occur in response to
hearing music played by one’s own instrument (Haueisen &
Knosche, 2001), we recruited participants who had no training
or experience with the cello. Finally, as we are interested in
listener engagement, we sought participants who reported that
they enjoyed listening to classical music, at least occasionally.

We collected usable data from 13 participants (four males,
nine females) ranging from 18-34 years of age (mean 23.08
years). All participants met the eligibility requirements for the
experiment. Years of formal musical training ranged from
7-17 years (mean 11.65 years). Eight participants were
currently involved in musical activities at the time of their
experimental session. Music listening ranged from 3-35 hours
per week (mean 13.96 hours). Data from three additional
participants were excluded during preprocessing due to gross
noise artifacts. This study was approved by Stanford
University’s Institutional Review Board, and all participants
delivered written informed consent prior to their participation
in the experiment.

C. Experimental Procedure

The experiment was organized in two blocks. The first
block involved the simultaneous EEG and physiological
recordings. Here, the participant was instructed to sit still and
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listen attentively to the stimuli as they played (no other task
was performed) while viewing a fixation image on the
monitor in front of him. Each stimulus was presented once in
random order and was always preceded by a 1-minute
baseline recording, during which time pink noise was played
at a low volume. At the conclusion of each trial, the
participant used a computer keyboard to rate the pleasantness,
arousal, interestingness, predictability, and familiarity of the
excerpt just heard. We additionally collected a rating of genre
exposure after the original stimulus only.

In the second block, continuous behavioral measures of
engagement were recorded. We used the definition from the
Schubert, Vincs, & Stevens (2013) study: Being ‘compelled,
drawn in, connected to what is happening, interested in what
will happen next.” Participants were shown this definition
prior to the trials in this block, and indicated their
understanding of the definition and the task before proceeding
with the trials. The participant operated a mouse-controlled
slider whose position was displayed on the computer monitor.
Each stimulus was presented once in random order.

The continuous behavioral block was always second in the
experimental session because we did not want the specific
definition of engagement presented there to influence
participants’ listening behavior during the neurophysiological
block, which was intended to involve no cognitive task or
effort on the part of the participant beyond listening to the
stimuli. This of course introduces a potential confound into
the present study, but we found it to be the most appropriate
design, as we wanted to collect the full set of responses from
each participant. We note that Steinbeis, Koelsch, & Sloboda
(2006), who also employed separate neurophysiological and
continuous behavioral recordings, presented the continuous
behavioral block first. However, participants in that study
were given a separate task during the latter block (comparing
lengths of stimuli), and thus were likely not impacted by the
task of the previous block.

D. Stimulus Delivery and Data Acquisition

Experiments for both blocks were programmed using the
Matlab Psychophysics Toolbox (Brainard, 1997) with Matlab
R2013b on a Dell Inspiron 3521 laptop computer running the
Windows 7 Professional operating system. Audio was output
from the stimulus computer via USB to a Native Instruments
Komplete Audio 6 sound card, from which the audio channel
containing the stimulus was sent to a Behringer Xenyx 502
mixer, split, and presented through two magnetically shielded
Genelec 1030A speakers. The second audio channel,
containing the timing clicks, was sent directly to the EEG
amplifier through one pin of a modified DB-9 cable, which
also sent stimulus trigger labels from Matlab and key press
events from the participant. The slider interface for the
continuous behavioral response block was programmed using
a custom implementation within the Psychophysics Toolbox
scheme.

Neurophysiological responses were recorded using the
Electrical Geodesics, Inc. (EGI) GES 300 system.
Dense-array EEG was recorded with vertex reference using
unshielded HCGSN 110 and 130 nets. ECG responses were
recorded using a two-lead configuration with hydrocel Ag-Cl
snap electrodes. Respiratory activity was measured using
thorax and abdomen belts that plugged into a Z-Rip Belt
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Transducer Module. The ECG and respiratory sensors, leads,
and apparatus were obtained from EGI and were approved for
use with their Polygraph Input Box (PIB); the electrode net
provided the ground for these inputs. While EGI does not
currently provide an apparatus for measuring GSR, we
attempted to collect it using a custom apparatus which
plugged into the PIB. The electrode net and the PIB connected
to the Net Amps 300 amplifier. All responses were recorded
simultaneously at a sampling rate of 1 kHz. The following
filters were applied to the physiological responses at
acquisition:

* ECG and respiratory: Highpass 0.1 Hz, lowpass 100 Hz,

notch 60 Hz;

* GSR: Highpass 0.05 Hz, lowpass 3 Hz, notch 60 Hz.
No filtering was applied to the EEG responses at acquisition.
Physiological signals and amplified EEG signals were
recorded using EGI Net Station software, version 4.5.7, on a
Power Mac G5 desktop computer running the OSX operating
system, version 10.6.8. Continuous behavioral responses were
recorded to the stimulus laptop at a sampling rate of 20 Hz.

III. DATA ANALYSIS

E. EEG Preprocessing and Analysis

Initial preprocessing steps were performed using EGI’s Net
Station software. EEG recordings were bandpass filtered
between 0.3-50 Hz and temporally downsampled by a factor
of 8 to a sampling rate of 125 Hz. Data records were then
exported to .mat format.

All subsequent analyses were performed in Matlab using a
custom software implementation. Individual recordings were
annotated, and trials were epoched using the precisely timed
click events sent from the secondary audio channel directly to
the EEG amplifier. Despite the filtering step described above,
we found it necessary to DC-correct and detrend each trial
epoch of data. Following these procedures, we retained
electrodes 1 through 124 for analysis, excluding electrodes on
the face. Bad electrodes were identified and removed from the
data frame (i.e., the number of rows in the data decreased).
Ocular artifacts were removed from concatenated trials of
each EEG recording in a semi-automatic procedure using
Extended Infomax ICA (Bell & Sejnowski, 1995; Jung et al.,
1998), as implemented in the Matlab EEGLAB Toolbox
(Delorme & Makeig, 2004). Following this, any electrode for
which at least 10% of voltage magnitudes exceeded 50 pV
across the recording was flagged as a bad electrode; if any
such electrodes were identified, the preprocessing process was
re-started with these channels of data removed. Once no
further electrodes were identified in this stage, any electrode
for which at least 10% of voltage magnitudes exceeded 50 pV
for a given trial were removed from that trial only. As final
preprocessing steps, we removed noisy transient spikes from
the data in an iterative procedure, setting to NaN any data
samples whose magnitude voltage exceeded four standard
deviations of its channel’s mean power. Next, the removed
rows corresponding to bad electrodes were reconstituted with
rows of NaNs. Finally, a row of zeros representing the
reference channel was added to the data matrix, and the data
were converted to average reference.

Data from 3 (out of 16) participants who completed the
experiment had to be excluded from further analysis, resulting



in the 13 wusable datasets. Excluded participants were
identified during preprocessing on the basis of gross noise
artifacts (20 or more bad electrodes). We also excluded the
physiological and behavioral responses collected from these
participants so that the comparison of results would always
involve the same population of participants.

Cleaned data frames for each stimulus were aggregated
across participants into time-by-electrodes-by-participant
matrices. RCA was computed over responses to both stimuli
using a publicly available Matlab implementation
(Dmochowski, Greaves, & Norcia, 2015), according to the
procedure described in Dmochowski et al. (2012). This is the
RCA output that we use in the computation of ISCs. For
visual comparison of the topographies only, we also ran RCA
separately for the set of responses corresponding to each
stimulus condition.

F. Physiological Response Preprocessing

Over the course of data collection, we discovered that the
GSR apparatus was not working correctly. This response is
therefore excluded from analysis. It appears that the apparatus
also introduced substantial noise into the EEG recordings.
However, we used the GSR apparatus with all participants in
order to maintain a consistent experimental procedure.

The Net Station waveform tool used to filter and
downsample the EEG data would perform only the
downsampling step on physiological responses. Therefore, to
avoid possible aliasing artifacts that could result from
downsampling without a prior lowpass filtering step, we
exported the physiological responses at the original sampling
rate (1 kHz) and performed all filtering operations in Matlab.

Full recordings of ECG responses (prior to epoching) were
lowpass filtered to 50 Hz using a zero-phase S8th-order
Chebyshev Type I filter, and then downsampled by a factor of
8. We then epoched the data into baseline and stimulus trials.
Each ECG signal was converted to a time-resolved measure of
heart rate (HR), in beats per minute, using time intervals
between successive R peaks, and then spline interpolated to a
sampling rate of 125 Hz. We baseline corrected each HR
vector by subtracting out the mean bpm across 25-55 seconds
of the corresponding baseline recording.

We found the chest and abdomen respiratory activations to
be highly correlated, and focus our analyses here on the chest
activations only, which tended to be larger in amplitude. Full
recordings of respiratory responses were lowpass filtered
using a zero-phase 8th-order Butterworth filter with a cutoff
frequency of 1 Hz, and then temporally downsampled by a
factor of 8. The data were then epoched into baseline and
stimulus trials. While from the ECG responses we computed
only HR, we can derive two measures of interest from the
respiratory activations: Respiratory rate and respiratory
amplitude. Our first step in computing these measures over
time was to employ a peak-finding algorithm to identify the
positive and negative peaks in the response. From these,
respiratory rate over time (RRate) was computed from the
time intervals between successive positive peaks. Respiratory
amplitude over time (RAmpl) was computed from successive
peak-to-trough and trough-to-peak amplitude differences.
Finally, both response vectors were spline-interpolated to a
sampling rate of 125 Hz. As with the HR data, these measures
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were baseline corrected using mean values computed from
25-55 seconds of the respective baseline recording.

Due to possible orienting responses at the start of a trial
(Lundgvist et al., 2009), as well as spline-interpolation
artifacts at the start and end of the trials, we discarded the first
and last 5 seconds of data from all physiological responses.

G. Continuous Behavioral Response Preprocessing

Continuous behavioral (CB) responses were aggregated
across participants into a time-by-participants matrix. While
the interpolation artifacts mentioned above were not an issue
here, this type of response is known to suffer from reliability
issues at the start and end of the stimulus (Schubert, 2013).
Therefore, to account for that and for any orienting responses,
we discarded the first and last 10 seconds of response from
further analysis. Once these potentially transient portions of
the data were removed, we z-scored each response.

H. Inter-Subject Correlations

Inter-subject correlations of EEG, HR, RAmpl, RResp, and
CB responses were each computed using a 10-second sliding
window that advanced in 1-second increments, resulting in an
effective temporal resolution of 1 Hz. In each time window,
ISCs were computed across all unique pairs of participants;
for 13 participants, this comes out to n-choose-13=78 pairs.
We present mean ISCs across participant pairs for every
temporal window, mapped to the midpoint times of the
windows.

1. Statistical Analyses

We performed paired two-tailed t-tests on the participant
ratings that were delivered after each trial of the
neurophysiological block, using the Bonferroni correction for
multiple comparisons (McDonald, 2014).

To assess the statistical significance of mean HR, RAmpl],
RRate, and CB activity responses, we performed two-tailed
Wilcoxon signed-rank tests (Lehmann, 2006) across the
collection of responses at every time point. This assessed
whether the sample of responses at a given time point was
drawn from a zero-median distribution. We report statistically
significant results at 0=0.05 after controlling for False
Discovery Rate (Benjamini & Yekutieli, 2001).

Statistical significance of time-resolved ISCs was assessed
using a permutation test (Fisher, 1971). In every permutation
iteration, each participant’s response vector was shuffled
according to non-overlapping 5-second segments. ISCs were
then computed over the collection of the shuffled responses.
This procedure was repeated for 500 iterations. The 0.95
quantile of mean ISCs across all permutation iterations
designates the statistical significance threshold.

IV. RESULTS

J. Behavioral Ratings

We first analyzed the behavioral ratings collected during
the neurophysiological block to determine whether participant
ratings of pleasantness, arousal, interestingness, predictability,
and familiarity differed significantly according to stimulus
condition. The distribution of responses, along with responses
from individual participants and p-values from the tests, are
shown in Figure 1. Using the Bonferroni-corrected p-value
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threshold of 0.01, only the dimensions of pleasantness and
predictability are found to vary significantly according to the
stimulus condition. In both cases, the original (forward)
stimulus garners higher ratings. Interestingly, we note that
while familiarity with the stimuli was low overall, two of the
13 participants reported that they were at least moderately
familiar with the reversed stimulus. Finally, ratings of genre
exposure range from 2-9 with a mean value of 5.08, verifying
that all participants met the inclusion criterion of listening to
classical music at least occasionally.

Pleasant Arousing Interesting Predictable Familiar Genre

S R S
R S

p=0.0001

p=0.0656 p=0.003 p=0.1928

Figure 1. Behavioral ratings of the stimuli. Participants
delivered ratings along dimensions of pleasantness, arousal,
interestingness, predictability, and familiarity after hearing each
stimulus for the first time. Participants reported their exposure
to the genre of the original stimulus only. Boxplots as well as
individual participant ratings are shown. Ratings of Pleasantness
and Predictability are found to differ significantly by stimulus
condition using a corrected p-value threshold of 0.01.

K. RC Topographies

The RCA algorithm returns a mixing matrix W, which is
used to project the EEG data from electrode space to
component space. The scalp projections of the weights, useful
for visualizing the topographies of components, can be
computed by means of a forward model (Parra et al., 2005;
Dmochowski et al., 2012). The projections corresponding to
the weights of the most reliable component (RC1) are shown
in Figure 2. As shown in the figure, a similar fronto-central
topography emerges whether RCA is computed over the
responses to both stimuli together, or over the responses to the
original or reversed stimulus only. While the present
topographies are roughly consistent with the RC1 topography
produced in response to intact musical excerpts by Kaneshiro
et al. (2014), they are now somewhat less symmetric and
smooth, which we believe was due to the added noise
introduced to the EEG recordings by the GSR apparatus.

Both Stimuli

Original Only

Reversed Only

Figure 2. Scalp topographies of maximally reliable EEG
components. Left: RC1 was computed over responses to both
stimuli. Center, Right: RC1 was computed separately over
responses to each stimulus condition. Topographies are roughly
consistent with past RC1 topographies in response to music.

L. Combined Responses

Our present focus for the remaining results concerns
responses to the original stimulus only. To summarize the
neurophysiological and continuous behavioral measures that
were derived from the responses recorded across the two
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experimental blocks, we may assess the following measures in
tandem: EEG-ISCs, CB activity, CB-ISCs, HR activity,
HR-ISCs, RAmpl activity, RAmpl-ISCs, RRate activity, and
RRate ISCs. While we do not attempt to relate the responses
to one another quantitatively at this time, several interesting
preliminary insights emerge from visual inspection of the
responses, in particular regarding their respective regions of
statistical significance, in relation to points of interest in the
stimulus that we defined in Table 1.

The responses are shown in aggregate in Figure 3. The gray
line plots in the top portion of the figure show scale-free
activations or ISCs of the responses over the course of the
musical excerpt. The colored regions denote points at which
the response was deemed statistically significant. The bottom
portion of the figure shows the waveform of the stimulus and
the stimulus spectrogram. The vertical dotted lines denote the
time points of interest as described in Table 1.

As can be seen from the plot, all responses except HR
activity produce statistically significant activity or synchrony
at some point over the course of the excerpt. The EEG-ISCs,
our primary measure of interest, produce the greatest
proportion of statistically significant results. Following that,
CB activity and CB-ISCs achieve the greatest proportions of
statistical significance across the excerpt.

In relation to our identified points of interest throughout the
piece, it appears that different measures are significant at
different times. The first entrance of the cello theme (Al)
brings about significant CB activity, as well as RRate-ISCs,
which, from inspection of the RRate plot above it, appear
linked to an overall decrease in respiratory rate. The second
entrance of the principal theme (A2) is accompanied by
significant EEG-ISCs; while CB activity is not significant
here, HR-ISCs are significant for a short time. The period of
rising tension beginning at Bl and culminating in the first
highpoint at C1 implicates EEG-ISCs and CB activity, with
the onset of the highpoint itself co-occurring with significant
CB activity, CB-ISCs, RAmpl-ISCs, and RRate-ISCs.
Somewhat similar observations can be made in the buildup to
the second highpoint, between B2 and C2. Interestingly, point
D, which we identified as a point of interest due to its absence
of activity, corresponds with a significant region of RAmpl
activity, and is followed closely by significant CB-ISCs,
HR-ISCs, and RAmpl-ISCs.

It appears that for the responses from which we derived
dual activity and ISC measures (all responses except EEG),
significant regions of activity do not necessarily coincide with
significant regions of synchrony. In particular, the continuous
behavioral responses appear to alternate in significance, and
in fact point back to the finding reported by Schubert, Vincs,
& Stevens (2013) regarding ‘gem moments’. Based on the
activations around C1 and C2, it appears that for the present
experiment, the ‘gem moments’ might be the highpoints of the
piece, at which time the continuous behavioral activity is
significantly above baseline. It may also be the case that
significant CB-ISCs relate to the building of tension around
many of the structural segmentation points of interest.

V. DISCUSSION

In this study, we have further validated the use of a
state-of-the-art analysis method to study cortical responses to
naturalistic music excerpts presented in a single-listen
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Figure 3. Aggregate neurophysiological and continuous behavioral measures. Top: The measures, in order, are EEG inter-subject
correlations (EEG-ISCs), continuous behavioral median z-scored activity and inter-subject correlations (CB, CB-ISC), heart rate
median deviation from baseline and inter-subject correlations (HR, HR-ISC), respiratory amplitude median deviation from baseline
and inter-subject correlations (RAmpl, RAmpl-ISC), and respiratory rate median deviation from baseline and inter-subject
correlations (RRate, RRate-ISC). The colored regions on each line plot denote periods of statistically significant activity or synchrony.
Middle/Bottom: The stimulus waveform and spectrogram are plotted for reference. Dashed vertical lines correspond to musical events
of interest. Annotations at the top of the plot (A1, B1, C1,D, A2, B2, C2) correspond to the labels in Table 1.

paradigm using EEG. Furthermore, we took first steps toward
analyzing these responses alongside various physiological and
behavioral responses, seeking points of correspondence
among the responses and in relation to the musical stimulus.
We analyzed both the activity and the synchrony of the
physiological and continuous behavioral responses, and found
that these dual measures reached statistical significance at
times in tandem, at times in alternation. Finally, by assessing
measures intended to denote engagement in conjunction with
measures intended to denote arousal, we took a first step
toward disentangling these two constructs.

A number of issues can be improved upon in future
iterations of this research. First, more work is needed to
integrate a GSR recording modality into the EGI PIB for
simultaneous collection with the EEG responses. Next, given
that our stimulus was chosen for its variation in arousal,
which is arguably related to loudness, it may be useful to
introduce other control stimuli that retain the amplitude
envelope of the original version while manipulating the
musicality and temporal coherence of the underlying content.
Finally, it is important to note that each response analyzed
here occurs at some point after its corresponding musical
event; these lags vary according to the measure and have not
been definitively determined. For example, while we may
assume that EEG responses occur within 500 msec of a
stimulus and, in the context of the 10-second ISC window,
can be treated as concurrent with the stimulus, more care must
be taken with the other responses. Stimulus-to-response time
has been estimated to range from 1-5 seconds for
physiological responses (Schubert & Dunsmuir, 1999; Grewe
et al., 2007a; Grewe, Kopiez, & Altenmiiller, 2009; Bracken
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et al., 2014), and roughly 1-3 seconds for behavioral
responses (Krumhansl, 1996; Schubert, 2004; Sammler et al.,
2007; Egermann et al., 2013). From inspection of the regions
of significance in Figure 3, it appears that shifting the
continuous behavioral and physiological responses back in
time by such amounts (to the corresponding stimulus events),
might in fact improve their alignment with our musical events
of interest in some cases, and lead to alternate interpretations
in others. Thus, this will be an interesting topic to consider
further in future research.

In conclusion, EEG-ISCs, physiological responses, and
continuous self-reports suggest a promising combined
framework with which to characterize musical engagement.
Fluctuations in the quantitative physiological measures reflect
fluctuation in arousal levels, which, when changing in
approximate simultaneity across measures, and correspondent
with changes in the musical signal (such as changes in
spectral energy or intensity, or a rise in musical tension), can
be interpreted in conjunction with both cortical and
continuous behavioral measures of engagement.
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Freestyle lyricism expertise in auditory rhyme processing
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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 rthyme ‘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.
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Investigating the Timecourse of Aesthetic Judgments of Music
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ABSTRACT

Here we sought to investigate the timescale of aesthetic judgments of
music. In Experiment 1, we used a gating paradigm to measure the
amount of time needed for listeners to make reliable aesthetic
judgments. Participants heard musical excerpts of increasing duration
(250 ms, 500 ms, 750 ms, 1000 ms, 2000 ms, and entire excerpt
[10s]). Excerpts consisted of music from three genres: classical, jazz,
and electronic. After each excerpt, participants rated how much they
liked the excerpt (1-9 point scale). Participants made reliable liking
judgments as early as 500 ms and, overall, showed a stronger
preference for classical music over electronic. In Experiment 2, we
controlled for the amount of musical information conveyed, so that
excerpts with faster tempos would not include more musical
information than excerpts with slower tempos. Participants heard
musical excerpts of increasing duration (the length of one eighth note,
quarter note, half note, dotted-half note, whole note, and entire
excerpt). The results show that, when controlling for the amount of
information, listeners were able to make reliable liking judgments at
the shortest stimulus duration (i.e., eighth note). However, this result
was driven by the electronic music. We suggest that aesthetic
judgments of liking can be made very quickly and, plausibly, that
these judgments may differ based on the genre of music.

I. INTRODUCTION

Previous research has shown that listeners can accurately
judge familiarity and emotional quality of musical excerpts on
a very short timescale (i.e., hundreds of milliseconds; Filipic,
Tillmann, & Bigand, 2010; Tillmann, Albouy, Caclin, &
Bigand, 2014). Similarly, neuroimaging research has
suggested that aesthetic judgments of visual artwork may
occur within the first 1000 ms following stimulus onset
(Cela-Conde et al., 2013). In the present study, we sought to
investigate the timescale of aesthetic judgments of musical
excerpts. We also investigated whether there were differences
between musical genres in the timecourse of aesthetic
judgments.

II. EXPERIMENT 1
A. Method

1) Participants. Twenty students from New York
University participated in this study. The data from four
participants were excluded (see Data Quantification and
Analysis), leaving a total of sixteen participants. Participants
had, on average, six years of formal musical training (range:
1-18 years). Participants were undergraduate students
enrolled in Psychology courses at NYU and received credit
for participating in the current study. All procedures were
approved by the New York University Institutional Review
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Board and participants provided written informed consent
before participating.

2) Materials. Musical excerpts consisted of three genres,
referred to here as “classical,” “jazz,” and “electronic.”
Twenty 10-second excerpts were selected in each genre,
totaling 60 excerpts. Within each genre, pieces were selected
to be fairly homogenous and stylistically consistent in order to
prevent participants from responding purely by genre or
subgenre considerations. For classical music, all excerpts
were chosen from 19" century small ensemble music of the
Romantic era. Nineteeth-century classical was selected
because it tends to have a wider range of dynamic and
emotional intensity than earlier Classical-era music, and
would therefore allow for a wider range of behavioral
responses. No composer was included more than once in the
stimulus set, and no highly well-known composers were
selected. All pieces were from the European tradition. Jazz
music consisted of 1960’s music with bop or post-bop
elements, avoiding avant-garde styles of the later 60s.
Ensembles and instrumentation was all traditional jazz,
consisting of piano, guitar, saxophone, brass, etc. Electronic
music consisted of electronic dance music with a distinctive
beat structure (i.e., no ambient music) that contained no lyrics
or human vocalizations. All electronic pieces were
contemporary and ranged in tempo from 60-150 beats per
minute.

3) Procedure. Participants heard the 60 musical excerpts
blocked by genre. Within each genre block, each of the 20
excerpts was presented in six sub-blocks of increasing
duration (250ms, 500ms, 750ms, 1000ms, 2000ms, 10s).
After each excerpt, participants rated how much they liked the
excerpt on a 1-9 point Likert scale. The excerpts were
presented in a different random order for each participant and
genre block order was counterbalanced across participants.

B. Data Quantification and Analysis

For each participant, ratings on the full 10 sec excerpts
were used to classify each excerpt as overall ‘liked’ or
‘disliked.” If the participant’s rating of the full excerpt was
above the median rating of all the full excerpts, it was
classified as ‘liked,” otherwise it was classified as ‘disliked.’
Four participants were excluded from analysis because they
failed to provide any deviation from their median responses
for at least one of the three genres (i.e., these participants
reported the same rating for every excerpt in at least one
genre).

Liking ratings were analyzed using a 2x3x5 ANOVA with
preference (liked, disliked), genre (classical, jazz, electronic)
and duration (250, 500, 750, 1,000, and 2,000 ms) as
within-subjects factors.
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C. Results

The ANOVA revealed a significant main effect of
preference on liking ratings [F(1,15) = 29.82, p < 0.001, n* =
0.66]; excerpts classified as ‘liked” were rated higher (M=5.10,
SEM = 0.24) than those classified as ‘disliked’ (M=4.36,
SEM = 0.24). There was also a significant main effect of
genre [F(2,30) = 3.87, p = .03, n* = 0.20]; classical (M=5.03,
SEM = 0.28) excerpts were rated higher than electronic
excerpts (M=4.34, SEM = 0.30), but there were no differences
between jazz excerpts (M=4.82, SEM = 0.22) and the
othergenres. Lastly, there was a main effect of duration
[F(4,60) = 22.25, p <0.001, 1> = 0.59; longer durations were
rated higher than shorter durations.
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Figure 1. Average liking ratings (minimum= 1, maximum = 9)
for excerpts classified as ‘liked’ or ‘disliked’ at each duration in
Experiment 1. Error bars denote standard error of the mean.

There was a significant interaction between preference and
duration [F(4,69) = 13.55, p < 0.001, n* = 0.47]. Pairwise
comparisons revealed that liked excerpts were rated higher

> >

than disliked excerpts at the 500 ms duration (p = 0.01) and
all longer durations (ps < 0.01), but not at the 250 ms duration

(» =0.20).
D. Discussion

Listeners can make reliable aesthetic judgments as early as
500 ms after the onset of a musical stimulus. This timescale is
similar for other judgments, such as familiarity and emotional
content. These results also suggest a higher preference overall
for classical and jazz music compared to electronic.

III. EXPERIMENT 2

Experiment 1 revealed the amount of time listeners’ need to
make an accurate aesthetic judgment of music (~500ms). It is
unclear from these observations how much information is
needed to make this type of judgment. An excerpt with a
slower tempo may convey less musical information in 250 ms
than an excerpt with a faster tempo. To control for this
potential difference, we conducted Experiment 2. The
procedure was identical to Experiment 1, except duration
blocks were not set by absolute time but instead by note
values based on the tempo of each piece.

A. Method

1) Participants. Twenty students from New York
University participated in this study. Participants in
Experiment 2 were different from those in Experiment 1. Four
participants were excluded, leaving a total of sixteen
participants. Participants had, on average, six years of formal
musical training (range: 0-12 years). Participants were
undergraduate students enrolled in Psychology courses at
NYU and received credit for participating in the current study.
All procedures were approved by the New York University
Institutional Review Board, and participants provided written
informed consent before participating.

2) Materials. Materials are as in Experiment 1. However,
instead of designating duration blocks of absolute time, as in
Experiment 1, excerpts in Experiment 2 were played for
durations designated by musical information. That is, excerpts
were blocked by the amount of information (i.e., notes) as
opposed to absolute time. Blocks were as follows: eighth note,
quarter note, half note, dotted half note, whole note, and entire
excerpt. On average, the absolute durations for these were as
follows: 260 ms, 520 ms, 1000 ms, 1,500 ms, 2,000 ms. A
one-way MANOVA revealed significant differences between
genres in terms of duration [F(2,57) = 4.61, p = 0.01, #° =
0.13]. All durations of electronic music were significantly
longer than durations of jazz music (ps < 0.01). See Table 1
for mean duration values for all three genres.

Table 1. Mean duration values for each genre in Experiment 2.

Durations Genres
Classical Jazz Electronic
8™ note 270ms 220ms 280ms
Quarter note 540ms 440ms 560ms
Half note 1080ms 900ms 1120ms
¥4 note 1620ms 1340ms 1680ms
Whole note 2160ms 1800ms 2240ms
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3) Procedure. Participants heard the 60 musical excerpts
blocked by genre. Within each genre block, each of the 20
excerpts was presented in six sub-blocks of increasing
duration (see above). After each excerpt, participants rated
how much they liked the excerpt on a 1-9 point Likert scale.
excerpts were presented in a different random order for each
participant and genre block order was counterbalanced across
participants. Data were analyzed in the same manner
described in Experiment 1.

B. Results

The ANCOVA revealed a significant main effect of
preference [F(1,15) = 118.30, p < 0.001, n* = 0.88]; excerpts
classified as ‘liked” were rated higher (M=5.62, SEM = 0.30)
than those classified as ‘disliked” (M=4.20, SEM = 0.32).
There was also a main effect of duration [F(4,60) = 12.50, p <
0.001, 0> = 0.45; longer durations were rated higher than
shorter durations. There was no main effect of genre [F(2,30)
=1.04, p = .01, 1" =0.06].

There was a significant interaction between preference and
duration [F(4,60) = 24.26, p < 0.001, n* = 0.61]. Pairwise
comparisons revealed that ‘liked’ excerpts were rated higher
than ‘disliked’ excerpts at all durations, including the shortest
duration (ps < 0.01). There was a significant interaction
between preference and genre [F(2,30)=18,40, p < 0.001, 1’
= .50]. Pairwise comparisons indicated that the ‘disliked’
excerpts were rated significantly lower for electronic (M =
3.65, SEM = 0.32) than the jazz (M = 4.37, SEM = 0.36) and
classical excerpts (M = 4.58, SEM = 0.37). There were no
genre differences for ratings of the ‘liked” excerpts. There was
a trending three-way interaction between preference, genre,
and duration [F(8,120) = 1.83, p = 0.07, n°= 0.11]. Liked and
disliked excerpts were rated significantly differently at the
shortest duration for electronica, but were not distinguished
until the third duration for classical and jazz (Figure 2).

C. Discussion

Compared to Experiment 1, these results indicate that
listeners make reliable aesthetic judgments at the shortest
duration, which on average was 220 ms. When we controlled
for the amount of information present at each duration, there
was no longer a main effect of genre. That is, the preference
for classical over electronica seen in Experiment 1 seems to
be due to differences in the amount of information conveyed.

IV. CONCLUSION

Listeners can make aesthetic judgments of music relatively
quickly (i.e., within hundreds of milleseconds). Here we show
that listeners can make aesthetic judgments even more quickly
when the amount of musical information is controlled.
Interestingly, a stronger preference for ‘liked’ excerpts as
duration increases seems to be driving this effect. That is,
ratings for ‘liked’ excerpts increase as duration increases, as
opposed to ratings for ‘disliked’ excerpts decreasing. While,
for all genres tested here, aesthetic judgments of liking can be
made based on very sparse information, our results suggest
that that these judgments may differ based on the genre of
music. For certain genres, judgments of aesthetic preference
may be made on a similar timescale to judgments of
familiarity or emotional content.
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Figure 2. Average liking ratings (minimum= 1, maximum = 9)
for excerpts classified as ‘liked’ or ‘disliked’ at each duration of
Experiment 2. Error bars depict standard error of the mean.
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Gesture-sound causality from the audience’s perspective: investigating
the influence of mapping perceptibility on the reception of new digital
musical instruments
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In contrast to their traditional, acoustic counterparts, digital musical instruments (DMIs)
rarely feature a clear, causal relationship between the performer’s actions and the sounds
produced. Instead, they often function simply as controllers, triggering sounds that are
synthesised elsewhere. Consequently, the performer’s interaction with the device
frequently does not appear to correlate directly with the sonic output, making it difficult
for spectators to discern how gestures are translated into sounds. The input-output
relationship is determined by the mapping, the term for establishing causal connections
between the control and sound generation parts of the DMI. This study from the 3DMIN
(Design, Development and Dissemination of New Musical Instruments) project aims to
shed light on how the level of perceived causality of mapping designs impacts spectator
responses to new DMIs. Thirty-one participants rated video clips of performances with
DMIs with causal and acausal mapping designs in their original version and in a
manipulated version. It was predicted that the causal DMIs would be rated more
positively, with the manipulation having a stronger effect on the ratings for the causal
DMIs. The results indicated that a lack of perceptible causality does have a negative
impact on ratings of DMI performances. The instruments in the causal group were
viewed as considerably more interesting and more successful at holding the participants’
attention than the acausal instruments and in comparison to their manipulated versions.
The acausal group received no significant difference in ratings between original and
manipulated clips. We posit that this result arises from the greater understanding that
clearer gesture-sound causality offers spectators. The ability to perceive reliable
relationships between gesture and sound establishes a necessary foundation for further
judgements of a performance. The implications of this result for DMI practice will be
discussed.
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Do Melodic Intervals Evoke Distinctive Qualia?

Lindsay Warrenburg' and David Huron'
'School of Music, Ohio State University, Columbus, Ohio, USA

Individual scale tones are known to evoke stable qualia for experienced listeners (Arthur,
2015; Huron, 2006). In this study, we ask whether melodic intervals evoke distinctive
qualia, and whether these qualia are independent of the scale degree qualia of the
constituent tones. The first study was an open-ended exploratory task in which musician
listeners provided free association terms in response to ascending and descending
melodic intervals in both tonal and atonal contexts. Content analysis was carried out on
the resulting terms using independent assessors. In order to test the validity of the qualia
dimensions, a second study asked independent participants to judge melodic intervals
according to the dimensions arising from the content analysis from the first study. In
particular, we tested for intersubjective reliability suggesting that interval qualia are
stable experiences shared by Western-enculturated listeners. Even if the dimensions are
shown to exhibit high reliability, a possible objection would be that listeners are actually
responding to the qualia evoked by the constituent scale degrees rather than by the
intervals per se. Accordingly, a third study was conducted in which participants again
heard melodic intervals in both key contexts and atonal contexts. Intervals were judged
using only those dimensions validated in Study 2. Two analyses were used to interpret
the results of Study 3. First, do the qualia judgments for key-contextualized intervals
converge with the qualia judgments for the a-contextualized intervals? That is, is there
any evidence that intervals have stable qualia independent of key context? Second, can
we predict the qualia of the contextualized intervals as some combination of the qualia of
the constituent tones? For example, if the qualia of an interval is similar to the qualia of
the final tone forming that interval, then the idea that intervals evoke independent qualia
would be thrown into question.
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In order to provide a starting point for investigating aesthetic experiences induced by
music and visual art in the same framework, the present literature review compares how
pleasure has been conceptualized in empirical music and visual art research over the past
twenty years. Using the keywords of pleasure, reward, enjoyment, and hedonic seven
databases were searched. Twenty music and eleven visual art papers were systematically
compared to answer the following questions: 1. What is the role of the keyword in the
research question? 2. Is pleasure considered a result of variation in the perceiver’s
internal or external attributes? 3. What are the most commonly employed methods and
main variables in empirical settings? The results demonstrate that musical pleasure is
often measured as neural activation in the reward brain circuit combined with subjective
ratings of pleasantness or valence. Conceptually, music studies often target different
emotions, their intensity and lack of reward, and their relation to the personality and
background of the perceiver. Visual art pleasure is also frequently addressed using brain
imaging methods, but the focus is on sensory cortices rather than the reward circuit alone.
Visual art research more frequently investigates pleasure in relation to cognitive
processing and aesthetic experiencing, and the variations of stimulus features and the
viewing mode are regarded as explanatory factors of the derived pleasure or aesthetic
experience. We propose an integration of the two fields toward a more comprehensive
understanding of pleasure, in which intrinsic pleasure is not mutually exclusive of higher-
order pleasure and the perceiver is acknowledged to play both passive and active roles in
the experience. Additionally, rather than considering pleasure as a static response,
scholars should consider how art-induced pleasure develops and fluctuates temporally
while interacting with other behavioral, cognitive and affective processes.
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“Leaky Features”: Influence of the Main on the Many
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The digitization and streaming of music online has resulted in unprecedented access to
high quantities of music-information and user-consumption data. Publicly available
resources such as Echo Nest have analyzed, and extracted audio features for millions of
songs. We investigate whether preferences for audio features in a listener's main genre
are expressed in the other genres they download, a phenomenon we refer to as “leaky
features”. For example, do people who prefer Metal listen to faster and louder Classical
or Country music (Metal typically has a higher tempo than many other genres)? A
music-consumption database, consisting of over 1.3 billion downloads from 17 million
users between 2007-14, is used to explore 10 high level audio features, grouped into 3
categories: rthythmic (danceability, tempo, duration), environmental (liveness,
acousticness, instrumentalness), and psychological (valence, energy, speechiness,
loudness). The study was made possible with a data-sharing and cooperation agreement
between McMaster University and Nokia Music, a global digital music streaming service.
Genre information was provided directly by the labels. Audio features for 7 million songs
were collected using Echo Nest API, and linked to the Nokia Music database. Although
not exhaustive, audio features utilized in this study represent a core set of objective
values by which music audio is currently analyzed. We found audio features specific to
users’ main genres “leaked” into other downloaded genres. Audio features that tend to be
more exaggerated in one genre, such as “speechiness” in Rap music, typically
demonstrate more leakiness than genres without this characteristic, such as Classical.
These results have implications for music-recommendation systems, and future music
cognition studies. Additionally, this work demonstrates a unique approach to conducting
psychological research exploring the extent to which musical features remain tied to
specific genres.
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In the past decade, there has been increasing interest in the relation between music and
language processing. One area of overlapping research is in the domain of rthythm. In this
study, we examined individual differences in aesthetic responses during silent reading of
sonnets — a highly structured literary form in iambic pentameter that shares a number of
rhythmic characteristics with music. Participants read sixteen sonnets at their own self-
defined pace, first for familiarity and then to make judgments about different
characteristics of the poems. For the second reading of each sonnet, participants judged
vividness of the poem’s imagery, valence of poem theme, valence of personal feelings
about the poem, strength/intensity of their feelings, and aesthetic pleasure (AP). To
examine individual differences in poetry perceptions, we also assessed, prior to the first
reading, both positive and negative affect using the PANAS, and considered the role of
visual and auditory imagery abilities using the VVIQ and BAIS survey measures,
respectively. We also considered potential differences associated with music and literary
training. As an online measure of AP, literary trained participants highlighted words
within the sonnets that they felt were particularly aesthetically pleasing (positive) or
displeasing (negative). Results revealed that strength/intensity of feelings, valence of
feelings, and positive affect accounted for approximately 76% of the variance in AP
ratings. Moreover, we found that positive highlighting was positively correlated with AP
ratings; to our surprise, this contrasted with negative highlighting, which had no impact
on AP ratings. Although neither imagery vividness nor visual/auditory imagery abilities
contributed substantially to AP, vividness was a greater predictor of AP for individuals
with high imagery abilities. Findings will be discussed in the context of the relation
between rhythm and aesthetic pleasure in music and language more broadly.
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Visual Imagery and the Semantics of Music

Paige Tavernaro', Elizabeth Hellmuth Margulis'
'Department of Music, University of Arkansas, Fayetteville, AR, USA

Music triggers visual imagery quite easily (Osborne, 1980). This imagery influences the
meaning people ascribe to music and the emotions they experience while listening (Juslin
& Vistfjdll, 2008). The musical structure, its contextual associations, and characteristics
of the listener likely all play a role in stimulating visual imagery. This study aims to
understand how visual imagery responses are affected by extramusical descriptions, and
what role individual differences play. One hundred forty participants were randomly
assigned to one of three groups: congruent, incongruent, or no description. Each group
heard the same nine orchestral excerpts in a randomized order. A prior study with twenty-
four participants established a set of brief descriptions of visual imagery that seemed
congruent or incongruent with each excerpt. Participants in the congruent group and
incongruent group read a description of congruent or incongruent visual imagery,
respectively, before each excerpt. Participants in the third group listened without an
imagery prompt. After each excerpt, participants answered questions about their
experience of the music. At the end of the study, participants completed the Goldsmiths-
MSI and the Absorption in Music Scale. Linear mixed models were conducted with the
group as the independent variable and imagery experience, emotional reaction to music,
enjoyment of music, and engagement with music as the dependent variables. Results
revealed that incongruent descriptions had a negative impact on participants’ visual
imagery to the music. The congruency or incongruency of the prompts also had
interesting effects on the free description reports of visual imagery. Additionally,
absorption in music was found to correlate positively with the overall imagery experience
of the listener. This study lays the foundation for future work on visual imagery to music.
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Disliked music: The other side of musical taste

Taren Ackermann'
'Music Department, Max Planck Institute for Empirical Aesthetics, Frankfurt, Germany

Musical taste, understood as an attitude towards music, plays an important part in the way
music listeners in Western cultures perceive and construct their self-concept. Listeners
like or dislike specific music not only to satisfy their emotional and communicative
needs, but also to create and affirm their own identity. But until now, research has
focused mainly on the positive aspects of musical taste. To get to a better understanding
of it, qualitative in-depth-interviews (N =21) were conducted to explore the different
dimensions and justifications individual participants offered in respect to music they
particularly dislike. Prior to interview sessions the participants were asked to list their
musical dislikes. Then, during the interviews they were asked to give reasons for why
they dislike each musical piece, artist or style given on their list and rate each item on a
10-point scale (O=neutral to 10=worst possible item). All interviews were analyzed using
qualitative content analysis. The results from this analysis show that reasons for likes and
dislikes do not necessarily form opposite pairs, but are in some instances identical. Liking
and disliking insofar serves the same function that listeners use both to express their
identity and encourage social contact and cohesion. But disliking certain music plays a
prominent role when listeners want to avoid negative emotional states and moods,
physical harm or unpleasant social situations. Also, all participants confirmed that they
can draw links between individual dislikes and their own identity. Ultimately, the study
provides further insight into the dimensions and functions of musical taste in general and
disliked music in particular, and into how specifically individual dislikes are relevant for
the creation and affirmation of one’s self-concept.
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On the asymmetry of cross-modal effects between music and visual
stimuli

Teruo Yamasaki'
'Department of Psychology, Osaka Shoin Women’s University, Osaka, Japan

There are two lines of findings on the cross-modal effects between music and visual
stimuli. One claims that the effect of music on the impression of visual stimuli dominated
the effect of visual stimuli on the impression of music, and the other does vice versa. In
the author’s previous study, the cross-modal effect of music dominated one of paintings
with relatively long exposure, while this dominance of music disappeared with brief
exposure. As one possibility, the steadiness of stimuli could explain these results. Music
changes continuously but paintings don’t. With long exposure, the effect of music
accumulates, whereas the effect of paintings may not grow because of habituation. This
study examined the influence of steadiness on the cross-modal effects. In order to control
the steadiness, an affective picture was presented with 20 seconds in the single picture
condition and 20 pictures were presented in succession with a second each in the 20
pictures condition. Music excerpts were 4 piano solos. Participants rated the potency and
brightness impression of music and pictures individually in the first part of the
experiment. In the second part, participants were presented music and pictures at the
same time and rated the impression of music or pictures. To compare the cross-modal
effects between music and pictures, musical impact and pictorial impact were calculated.
Musical impact was defined as the difference between the potency (or brightness) scores
of a visual stimulus with and without a musical excerpt. Pictorial impact was also defined
in the same way. As the results, for potency, ANOVA revealed that the musical impact
was significantly larger than the pictorial one in the single picture condition. On the other
hand, in the 20 pictures condition, such a significant difference was not found. For
brightness, similar tendency was shown. These results suggest that the steadiness of
stimulus influences the cross-modal effects between music and visual stimuli.
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Zoning in or Tuning in? Absorption within a Framework for
Attentional Phases in Music Listening

Thijs Vroegh'

"Music Department, Max Plank Institute for empirical Aesthetics, Frankfurt am Main, Germany

In terms of theoretical and empirical initiatives, Herbert (2011) put music absorption
back on the map of scholarly interests. However, having focused exclusively on everyday
life experiences, she and others have left absorbed listening in settings that generally
seem to require and assume full attention largely unexplored. The main aim of this study
was to gain insight in the underlying structure of ‘aesthetic absorption’ while listening to
music. A second aim was to distinguish between possibly different types of absorption
which may occur as part of aesthetic experiences, and to understand them in relation to
other types of attentional behavior when listening to music. Via an online survey (N=228)
participants were asked to listen to a self-chosen piece of highly-involving music. Data
were gathered on a variety of parameters related to consciousness and attention. Factor
analysis (PAF) and the Schmid-Leiman procedure provided a deeper and parsimonious
understanding in the higher-order structure of consciousness while being musically
engaged. Its cognitive-motivational part was used to further define the dimensionality of
absorption, and was linked to Tellegen’s model of absorption concerning the experiential
and instrumental sets. Next, a hierarchical cluster analysis was conducted in order to
explore different types of attentional behavior. Results suggested distinguishing between
two types of musical absorption which differ in the presence of meta-awareness. These
were termed ‘zoning-in’ and ‘tuning-in’ (cf. Smallwood 2007). Finally, a dynamic
framework was developed which integrates these types with other attentional phases
(e.g., mind wandering) applicable to music listening. It is argued that this framework may
be a realistic alternative to the often problematic distinction between everyday aesthetics
and art-centered aesthetic experiences.

ISBN 1-876346-65-5 © ICMPC14 60 ICMPC14, July 5-9, 2016, San Francisco, USA



<a <«

Effects of the duration and the frequency of temporal gaps on the
subjective distortedness of music fragments

Kunito Iida', Yoshitaka Nakaj ima?, Kazuo Ueda?, Gerard B. Remijnz, Yukihiro Serizawa®

'Graduate School of Design, Kyushu University, Fukuoka, Japan

*Department of Human Science/Research Center for Applied Perceptual Science, Kyushu University,
Fukuoka, Japan

3 Automobile R&D Center, Honda R&D Co., Ltd., Tochigi, Japan

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.
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Modeling Audiovisual Tension

Morwaread M. Farbood
Dept. of Music and Performing Arts Professions, New York University, USA

mfarbood@nyu.edu

ABSTRACT

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.

I. INTRODUCTION

While many aspects of auditory and musical tension have
been explored in prior work, there has been a relative dearth of
empirical work on timbral features contributing to perception
of tension and no work that has examined timbral tension in
combination with visual tension. Based on prior work on
timbre (Bailes & Dean, 2012; Dean & Bailes, 2010; Farbood &
Price, 2014; Pressnitzer, McAdams, Winsberg, & Fineberg et
al., 2000, Schubert, 2004) and methodological approaches in
vision research (cf. Baker & Braddick, 1982; Schiitz, Braun,
Movshon, & Gegenfurtner, 2010), several auditory and visual
features were used to model tension responses to audiovisual
stimuli.

The purpose of the study was to examine contributions of
specific auditory and visual features to audiovisual tension.
The auditory features included the five timbre descriptors
inharmonicity, roughness, spectral centroid, spectral deviation,

spectral flatness as well as loudness, pitch, and onset frequency.

The visual features included speed of motion, coherence of
motion, visual contrast, and visual brightness. The goal was to
better understand the relative contributions of these features
and to empirically determine the weights of their individual
contributions to perceived tension.

II. METHOD

An experiment was conducted in which 45 participants were
asked to judge how they felt tension was changing by moving a
slider while observing and listening to 15 audiovisual stimuli.
Each stimulus paired one of four audio files with one of four
visual animations. The audio consisted of three excerpts from
electronic compositions by Nono, Stockhausen, and T. H. Park,
or silence, and the visual animations consisted of different
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types of changes in the visual parameters, or no visuals (static
black screen). The animations were designed to reflect three
general types of changes: random changes, gradual ramps, and
shorter ramps. These changes were visualized using a
monochromatic random-dot kinematogram. The number and
size of dots were generated to take up exactly half of the
available screen space in order to allow for equal proportions of
foreground and background brightness.

III. RESULTS

The first step in the analysis was to examine how the
different auditory and visual features correlated with mean
subject responses. Table 1 shows the correlation coefficients
(Spearman’s rho) for each of the 15 stimuli. Although the
r-values vary considerably between stimuli, the means for each
feature provide an initial suggestion for which features might
significantly influence perceived tension; in particular, these
include loudness, roughness, and onset frequency among the
auditory features, and speed of motion for the visual features.

In order to better understand the contribution of the various
features to tension judgments, a trend-salience model,
developed for musical tension (Farbood, 2012), was used to
predict the empirical data. The model integrates tension
contributions from individual features by taking into account
the cumulative slope of those features within a moving
“attentional” window and adjusting the slope based on whether
it is a directional continuation of what happened immediately
before it (the “memory” window). The attentional window
snapshots are then merged as overlapping windows in time.

The durations of the memory and attentional windows as
well as the memory window weight are all variables and that
can be adjusted to improve the predictive power of the model.
The values used in this case were mostly derived from prior
work (Farbood, 2012). However, deciding the feature weights
(and whether they were even necessary) were obtained in the
current study through a manner similar to stepwise regression:
all features were given equal weight initially and then
individually removed to see if the predictions improved. The
decision to retain or eliminate features and assign relative
weights were done using the audio-only and visual-only
stimuli.

The optimized model for the audio-only stimuli retained
loudness, spectral centroid, roughness, and onset frequency.
All weights were equal, except for loudness, which was twice
that of the other features. The mean correlation coefficient
(Spearman’s rho) between the audio-only stimuli and the
predictions produced by the model was .81. The optimized
model for the visual-only stimuli retained all four visual
features—speed of motion, contrast, coherence, and brightness
(respective weights 6, 3, -1, -1)—with speed having the
greatest weight followed by contrast. The mean correlation
coefficient value (Spearman’s rho) between the visual-only
stimuli and the predictions was .72.
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Table 1. Correlations between features and responses for each stimulus. Abbreviations: Aud = musical excerpt; Vis = animation; Lou =
loudness; Cen = spectral centroid; Dev = spectral deviation; Inh = inharmonicity; Rou = roughness; Fla = spectral flatness; Pit = pitch; Ons
= onset frequency; Spe = speed of motion; Coh = coherence of motion; Con = contrast; Bri = brightness.

Features
Stimulus Audio Visual

Aud Vis Lou Cen Dev Inh Rou Fla Pit Ons Spe Coh  Con  Bri
Al - 71 .04 .20 .02 21 29 -.01 .68 - - - -
A2 - .53 -.44 -.63 .04 .58 -.61 28 57 - - - -
A3 - .69 .65 .63 40 28 .53 18 12 - - - -
Al Vi .55 17 32 .09 -.01 41 -.10 .69 26 .20 42 -33
Al V2 71 .10 24 -.04 .10 34 .02 73 41 .39 -.06 22
Al V3 75 .10 24 -.01 21 .26 .04 .62 26 17 -28 =23
A2 Vi 22 =22 -25 .07 .30 -28 .39 44 37 -.16 27 -28
A2 \% .30 =31 -.38 .10 38 -.40 40 48 .56 .52 .03 -.07
A2 V3 .36 -42 -42 .03 33 -43 25 46 42 22 =32 -.14
A3 \"2! 41 32 23 21 .39 .20 23 17 33 =21 .04 -.03
A3 V2 26 22 23 17 12 18 17 .36 41 -.16 .30 -42
A3 V3 37 .35 .39 31 .18 .29 .09 -.08 .39 .06 17 .08
- \"2! - - - - - - - - .38 -22 .39 .06
- V2 - - - - - - - - .58 .29 .39 -.13
- V3 - - - - - - - - .59 -.06 -.16 -.30
Mean .49 .05 .07 12 .26 .07 .16 44 41 .09 .10 -.13

When tested on stimuli with both audio and visual
components, the best results were obtained when audio features
were given twice the weight (or more) of the visual features.
The optimized model for the audio + visual stimuli resulted in a
mean correlation value of .67 (min of .31, max of .8§7). In
general the model did quite well, particularly in predicting
more local tension changes.

IV. CONCLUSION

This paper reports a preliminary analysis of an experiment
that explored the perception of audiovisual tension. Subjects
were asked to judge perceived tension when watching/listening
to stimuli featuring three musical excerpts taken from
electronic compositions paired with random-dot animations.
A trend-salience model was utilized as a way of determining
which auditory and visual features were influencing tension
perception and the relative contributions of those features.
When the model was optimized to fit the mean responses, the
feature with the greatest weight was found to be loudness,
followed by spectral centroid, roughness, onset frequency, and
speed of motion (all equal in weight), then by contrast, and
finally with much smaller negative contributions from
coherence of motion and brightness. In general, the auditory
features contributed significantly more to perceived tension
than the visual features.
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Computational Modeling of Chord Progressions in Popular Music

Stefanie Acevedo
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I. BACKGROUND AND AIMS

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
(Tonic, Subdominant, Dominant). 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 phrase/formal structure.

II. METHODS

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, Wild,
& Fujinaga, 2011; Burgoyne, 2011). The program then
segments each song into end-bounded chord progressions
based on entropy spikes between a stipulated progression of
chords (the prefix) and a succeeding chord (the suffix). This is
done by iterating through each possible n-gram of a song and
testing that: A) the entropy of the suffix is greater than a given
threshold (H > 0.9); and B) the probability of the last prefix
element is higher than a given threshold (P > 0.5). Given these
two parameters, the prefix is encoded as a progression, each
of which is tabulated based on metrical and formal
information.

III. RESULTS

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
number of repetitions, the metrical placement of specific
chords, formal location, and ending chords, the progressions
are classified by apparent function (for example, as
embellishments, prolongations, or cadential gestures). Further
analysis of chord-functional substitutions, as stipulated in
previous popular music unigram models (White & Quinn, in
press), allow for categorization of variant sequences into
broader families of progressions.
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IV. SUMMARY AND FUTURE DIRECTIONS

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 fonality. The results of this
research will be employed for ERP experimentation to
supplement current research on functional and harmonic
expectation (Koelsch, Rohrmeier, Torrecuso, & Jentschke,
2013; Koelsch, 2009; Ruiz, Koelsch, & Bhattacharya, 2009).
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Beneath (or beyond) the surface: Corpus studies of tonal harmony
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For over two centuries, scholars have observed that tonal harmony, like language, is
characterized by the logical ordering of successive events, what has commonly been
called harmonic syntax. Yet despite the considerable attention devoted to characterizing
the behavior of chord events at relatively local levels of musical organization, the
application of statistical modeling procedures—advanced in the cognitive sciences to
explain how humans learn and mentally represent languages—has yet to gain sufficient
traction in music research.

At present, few harmony corpora exist in the scholarly community, and many consist of
symbolic representations of homo-rhythmic genres that rarely feature in everyday
listening. Perhaps worse, corpus studies often suffer from the contiguity fallacy, the
assumption that note or chord events on the musical surface depend only on their
immediate neighbors, despite the wealth of counter evidence from studies of sequence
memory that listeners form non-contiguous associations for stimuli demonstrating
hierarchical structure.

This session presents four corpus studies of tonal harmony that look beneath (or beyond)
the surface, examining problems relating to the representation and analysis of tonal
materials using techniques for pattern discovery, classification, and style analysis. John
Ashley Burgoyne (The Netherlands) examines the evolution of expected per-song chord
distributions over the period 1958-1991, based on the McGill Billboard Project
(http://billboard.music.mcgill.ca/), an open-access corpus of expert harmonic
transcriptions for over 1,000 songs from the Billboard “Hot” 100. David Sears (Canada)
demonstrates the utility of non-contiguous n-grams for the discovery of recurrent
harmonic patterns in a corpus of Haydn’s string quartets, where non-contiguous events
often serve as focal points in the syntax. Christopher White (USA) presents an algorithm
that derives a reduced chord vocabulary from the surface statistics in the Yale Classical-
Archives Corpus (http://ycac.yale.edu/) without recourse to pre-made harmonic templates
or knowledge of tonal harmony in general, with the resulting vocabulary and syntax
conforming to those produced by humans. Finally, Claire Arthur (USA) considers
whether algorithms based only on melodic features—metric position, duration, and
interval of approach and departure—can identify non-chord tones in classical and popular
corpora, using harmonic transcriptions as a basis for comparison.
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‘Revolutions’ in pop music: The experts vs. the audio

John Ashley Burgoyne'
'Institute for Logic, Language and Computation, University of Amsterdam, The NETHERLANDS

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 analyzed the 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.
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A corpus study of tonal harmony: Pattern discovery using non-
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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
most conventional harmonic progressions emerge as among the most frequent patterns in
the corpus.
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ABSTRACT

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.

I. INTRODUCTION

Figure 1 shows the opening passage of Mozart K. 284, iii.
Viewing the music inside the two boxes, a musician would
likely hear the first passage in D major, with the second
modulating to A major.

dhe | [T
1 .‘VI ii
Figure 1. A toy analysis of Mozart K. 284, iii, mm. 1-8
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How do we undertake this key finding task? Much emphasis
in music-perception research has focused on the distribution
of pitches in tonal contexts to answer this question,
comparing the relative amount of onsets or durations of each
pitch to some ideal template. For instance, listeners generally
associate the most frequent tone with the first degree of the
major or minor scale, the second most frequent tone with
scale-degree five, and so on (Krumhansl & Shepard, 1979;
Castellano, Bharucha, & Krumhansl, 1984; Oram & Cuddy,
1995; Creel & Newport, 2002; Smith & Schmuckler, 2004).
In Figure I’s initial window, D and A occur most often,
thereby aligning this passage with a D major key center.
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Importantly, this view of tonal induction connects not only to
cognition, but also to learning: since the scale-degree
distributions that listeners associate with major and minor
keys correspond to distributions found in corpora of classical
music, such a key-finding model could arise from the
statistical learning that might accompany a listener’s
exposure to such repertoires (Huron, 2006; Temperley,
2007).

But pedagogical practice differs from this paradigm. In
the music theory classroom, students are taught to identify a
passage’s key by matching surface events with successions
of key-oriented chord symbols. Most mainstream pedagogy
(e.g. Laitz, 2008; Roig-Francoli, 2010; Aldwell & Schachter,
2011) focuses on the major and minor triads rooted on each
scale degree acting as the basic vocabulary of possible
chords — generally shown by Roman Numerals that
correspond to the root’s scale degree — along with an
accompanying syntax that defines how chords tend to
progress to one another. Figure 2 provides a heuristic
approximation of such a textbook vocabulary and syntax
(roughly following Kostka & Payne 2012). Unlike methods
that rely on pitch distributions, this method chooses a key by
aligning chord symbols in ways that make syntactic sense. In
the Roman numerals shown in Figure 1, the D major and A
major analyses are chosen as “most probable” because —
according to Figure 2 — these sequences of Roman numerals
are the most likely to occur.

L2 V7/V
V1 ~>
1o 1y V0
‘\ii_/
Figure 2: A hypothetical chord progression model, with arrows
representing the most probable between-chord successions

However ubiquitous this method might be within
pedagogy and practice, few computational models have been
implemented that use corpus data to build a key-finding
system that relies on chord events (Bharucha, 1987; Hornel
& Ragg, 1996; Barthelemy & Bonardi, 2001; Raphael &
Stoddard, 2004; Bellman, 2005; Quinn, 2010; White, 2013),
and (to the author’s knowledge) none have been evaluated
against human behavior. Instead, most key-orientation
studies that model event successions have focused on pitch
events as well, especially those successions that outline rare
intervals that indicate particular key centres (Brown &
Butler, 1981; Brown, Butler & Jones 1994; Matsunaga &
Abe 2005; 2012).
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This paper presents a chordal set-based probabilistic key
finder — or, SPOKE — that a) models statistical learning by
deriving parameters directly from a corpus, and b) can be
compared to human behavior. Such comparisons will then be
undertaken in three ways: 1) comparing SPOKE’s key
assessments to those of a annotated corpus, 2) comparing the
model’s Roman-numeral analyses to those of undergraduate
music majors, and 3) asking professional music theorists to
distinguish the computer’s output from that of undergraduate
music majors. These tests are designed to provide first steps
toward entertaining a chordal approach to key finding as a
supplement to more established pitch-based tonal modeling.

II. A CHORDAL KEY-FINDING MODEL

A. SPOKE’s Key-Finding Method

Models that use chord progressions to find a passage’s
key translate successions of pitch sets into successions of
scale-degree sets, or sets of values oriented within a scale
(rather than within absolute pitch space). For instance,
consider an F-major triad <F-A-C> followed by a C major
triad <C-E-G>. Represented as pitch sets, they show no tonal
orientation: they could be in almost any key. However, when
converted to F-major’s scale degrees, the notes are defined
by their position within the F-major scale. These two sets
become triads on the first and fifth scale degrees, designated
respectively as I and V in standard Romans-numeral
notation.

The translation between pitch sets and scale-degrees sets
has been engineered in several ways, using neural networks
(Bharucha, 1987; 1991, Hornel & Ragg, 1996), Hidden
Markov modeling (Raphael & Stoddard 2004), and n-gram
Markov chains (Quinn 2010, White in press); however, only
the last of these has aggressively relied on large corpora to
set their models’ parameters. This study will therefore rely
on this established paradigm. Such a process essentially
mimics that used in the Roman-numeral analysis of Figure 1.
Imagine the thickness and direction of the arrows of Figure 2
as representing 2-gram probabilities (i.e., the probability of
each chord moving to the next chord). From this standpoint,
the D major and A major readings are ideal since their
Roman numerals produce the highest 2-gram probabilities
compared to those from other tonal orientations. It is then a
small step to derive these transition probabilities from a
corpus by tracking how frequently each chord moves to each
other chord within that corpus.

Equation 1 formalizes this process (following White
2014). The equation acts on a progression of events (0;.,, ...
0)), a series of n pitch sets o between two timepoints j-n and j,
and finds the key judgment x that transposes that series to
scale-degree sets. This key judgment at time point j is the
equation’s end result, X;. More specifically, we use integers
[0...11] to represent the initial unanalyzed notes as pitch
classes (where Cis 0, C#is 1,Dis 2, Bis 11, and so on) and
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the resulting scale-degree sets as comprised of scale-degree
classes (where tonic is 0, the leading tone is 11, supertonic is
2, and so on), and apply modulo 12 arithmetic to transpose
the former to the latter (Forte 1973). Here, x acts as the
example’s tonal interpretation, transposing the series to one
of the 12 possible tonal centers (i.e., the key of C would be 0,
C-sharp would be 1, F would be 5, and so on). To maximize
the argument, then, one chooses the key level at which
transitions between scale-degree sets produce the highest
overall n-gram probabilities. In terms of Figure 1, this means
that aligning D with tonic (x = 2) would find the ideal key —
or X — that maximizes the probability of the window — or,
argmax(P( ) — at that particular time point j. The contrasting
pitch material of the second window’s time point changes the
probability of the chord sequence: now aligning A with tonic
(x = 9) creates the most probable series of sets in this
window.

%= argmax(P ([0j-n~X Jmod 12 - [0jX Jmod 12) ) ey
x €10...11]

B. SPOKE’s Vocabulary Reduction

But, it is not always obvious which sets should constitute
an analytical model’s vocabulary, or the universe of sets
(“‘chords”) possible in the model’s tonal analyses. Consider
the two dotted boxes of Figure 1. Both boxes have the
pitch-class content <C#, D, E, F#, B>. While our toy analysis
initially assumed an underlying vocabulary of triads and
sevenths, without a priori rules or templates there is no
immediate way of culling a B minor triad from that larger set
of pitches. To resolve this problem using the properties of
the corpus itself, White (2013) proposed a machine-learning
reduction method for deriving a limited vocabulary of
scale-degree sets from a dataset of chord progressions. First,
the method observes which progressions of scale-degree sets
occur most frequently within some corpus. Those
progressions that occur above some frequency threshold
comprise the model’s initial vocabulary. When presented
with some series of scale-degree sets not in this vocabulary,
the reduction method adds and subtracts pitches from the
observed sets until they are transformed into vocabulary
items. As a demonstration of this reduction process, again
consider the dotted boxes of Figure 1, imagining that the
syntax of Figure 2 represents a corpus’s most-frequent
progressions. Unreduced, the pitch content of these boxes
would not produce chords within the syntax; however, the
reduction process would find that, by removing the C# and E,
the pitch content of those windows can be transformed into
the ii and vi triads, respectively, and therefore participate in
syntactic chord progressions.

This process can be iterated over an entire corpus to
produce a reduced vocabulary: by reducing a corpus’s
scale-degree transitions, the process “edits” the corpus’s



less-frequent progressions into their more frequent subsets or
supersets (e.g., editing a set like <C#, D, E, F#, B> into <B,
D, F#>, or a B minor triad). The process can be repeated —
editing the edits — until no more changes are made. Having
mapped all improbable sets onto probable ones, the resulting
reduced series of chords comprises a vocabulary smaller and
more constrained than one culled from the raw musical
surface.

Formally, we can represent a series of musical
observations O with time points 1 to n such that O =
(04,0, ...0,). We can reduce each o in O to a related reduced
chord s such that S = (53,5, ...5,) and |s; N o;| = 1 where
the cardinality of the intersection between each o and its
corresponding s is at least 1 (i.e., they share at least one
scale-degree). Equation 2 then produces the reduced series S
by maximizing the contextual probabilities k& and the
proximity of the two sets 7z Here, P(s;|k(0;)) is the
probability that a given s would occur in the context in which
we observe the corresponding o. While this could in
principle be any probabilistic relationship, in our case this is
a simple bigram probability. (s;, 0;), then, is the proximity
(NB: “r” for “proximity”) between the two sets, s and o.
While in principle this could be any type of similarity
relation, in the current implementation 7 is equal to the
amount of overlap (or intersection cardinality) between the
two sets. This method has been shown to produce a
vocabulary primarily of triads and seventh chords that
conforms to basic intuitions surrounding classical tonal
harmony (White 2012). For additional specifics on the
implementation, see the study’s online supplement, available
at chriswmwhite.com/research.

S=argmax [[i; P(s;|k(0,)) m(s;, 0;) 2

SPOKE then combines this reduction process with the
key-finding method of Equation 1 to analyze a piece of
music. The full process, crucially, determines a musical key
by relying only parameters learned from a corpus. The
model therefore not only produces key-finding assessments
that can be measured against human behavior, but it also
learns how to wundertake this task by replicating
exposure-based learning. In what follows, we conduct
several tests to evaluate the model’s performance as it relates
to human behavior. Test 1 examines how accurately the
model assesses the key of a ground-truth corpus compared to
other established key-finding models.

III. TESTS

C. Testl — Key-Finding Accuracy

1) Materials and Methods. The reduction process was
implemented on the Yale-Classical Archives corpus
(YCACQ). This corpus is described in White & Quinn (in
press) and is available at www.ycac.yale.edu. It consists of
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13,769 MIDI files by 571 composers yielding 14,051,144
salami slices, or sets of notes each time a pitch is added or
subtracted from the texture. Slices are identified with their
onset time. The corpus has also been tonally analysed, with
sections of each piece identified either with a key and mode
or labelled as ambiguous. “Start” and “End” tokens were
added to the beginnings and endings of each file. The files
were divided into lists of scale-degree sets, and divisions
were made at key changes. Each slice was compiled as an
unordered set of scale degrees. To further simplify the
dataset, singletons and adjacent subsets of cardinalities < 3
were deleted (e.g., the set <C,E> would be deleted if it
preceded <C,E,G>), as were repeats. These processes (and
those following) were implemented in the Python language
using the music21 software package (as described in
Cuthbert & Ariza, 2011).

The reduction process’ input and parameters were defined
as follows. The YCAC's lists of scale-degree sets were used
both to provide the 2-gram probabilities within the reduction
process and as the material for the reduction process itself.
Any repeated chords that arose during the reduction process
were conflated into a single chord event. The distribution of
chords in the reduced series contained a long tail: the top 22
chords accounted for 85.3% of all chord occurrences, with
the remaining chords accounting for only 14.7%. These
infrequent chords were removed from the reduced series, and
chord transitions were revised. This series was used to
create a reduced vocabulary of scale-degree sets and a
reduced 2-gram Markov model. The resulting vocabulary
and syntax and its overlap with textbook chordal
vocabularies are described in more detail in the online
supplement.

The MIDI files of each excerpt in the Kostka-Payne
corpus (Temperley, 2009) were chosen as the musical
material to be analyzed. The corpus contains 46 examples of
Western European common-practice music drawn from the
Kostka-Payne textbook, ranging from the Baroque to
Romantic era. Five pieces were removed due to difficulties
converting them into digital representations usable by this
study’s methods. The ground truth was taken as the opening
key indicated in the textbook instructor’s edition.

To compare this model’s behavior to other models, three
key-profile implementations were used to assess the tonal

orientations of the same examples: the
Krumhansl-Schmuckler (Krumhansl 1990), the
Temperley-Kostka-Payne ~ (Temperley  2007), and

Bellman-Budge (Bellman 2005) weightings. All three were
available in music21’s library of key-finding functions.
Various window-lengths were attempted for these analyses,
and it was found that using the first six offsets of each piece
produced the best results.

2) Results. As shown in Figure 2, of the 41 pieces
analyzed, the SPOKE’s Reduced-YCAC model assigns the
same tonic triad as the textbook 87.8% of the time. Of the 5
that did not overlap, twice the model judged the key to be the



passage’s relative major, twice the keys differed by fifth, and
once the passage was too scalar for the model to recognize
the correct underlying chords. Figure 2 also shows how often
each key-profile model produced correct answers. The
profiles of Krumhansl-Schmuckler,
Temperley-Kostka-Payne, and Bellman-Budge produced
rates of 78.0%, 85.4%, and 73.2% correct, respectively.
(These findings track but differ from Albrecht and Shanahan
(2013), likely because their specific implementation and
music21’s differ.)
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Figure 2: The percentage of key assessments on the
Kostka-Payne corpus that agreed with the instructor’s edition
for each model

While this test addresses the output of key finding models,
it does not test whether SPOKE executes the key-finding task
in a way similar to a human, namely whether the model
identifies chords, prolongations, and points of modulation in
the same way a human would. The following test therefore
compares the output of the analytical model to analyses of
the same excerpts produced by undergraduate music
students.

D. Test 2 — Comparing the Model to Human Annotations

1) Materials and Method. Of the Kostka-Payne excerpts
whose key was successfully analysed by the reduced YCAC
model, 32 were chosen to be analysed in depth by both
humans and the model. The examples were selected to
control for the passages’ different characteristics, dividing
into four categories with 8 examples in each group.
Characteristics were labelled “Simple,” “Modulating,”
“Chromatic,” and “Chromatic Modulating.” (These were
determined by the author in relation to their placement in the
Kostka-Payne textbook and the type of analytical knowledge
they seemed designed to teach.)

The model’s parameters were set as in Test 1, with several
additions to allow for the entire excerpts to be analysed. For
the automated analysis, the algorithm was run using a
moving window designed to provide the model with a
consistent number of non-repeating chords. The window
began with four chords, but if the reduction process reduced
that span to fewer than four chords, the window was
extended until the process produced a four-chord analysis.
The window then moved forward, progressing through the
piece. Results were transcribed using a “voting” process. If
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three or more windows assigned on a particular scale-degree
set at a given timepoint, the Roman-numeral annotation of
that set was placed in the score at the appropriate timepoint.
Using this voting process allowed the model to interpret
modulations: for instance, if three earlier timepoints read a
C-major triad as I, and three later timepoints analyse it as [V,
then both those Roman numerals were placed under that
moment in the score. If there was no agreement, a question
mark was placed in the score. Since the final windows in the
piece would only produce one or two annotations, the
automated annotations ended before the example’s final
measure in several instances. If a series of chords was
reduced to a single annotation, a line was used to indicate the
prolongation of that single chord. (The reduced vocabulary
included two non-triadic sets, the 11™ and 21 most frequent
chords in the vocabulary; since these chords were outliers
and annotating a chord with a non-triadic structure would
“give away” the origin of the analysis and unduly bias
graders, these non-triadic structures were removed from the
model’s vocabulary.)

The 32 examples were also analysed by 32
undergraduates in their fourth and final semester of a
music-theory sequence at the University of North Carolina at
Greensboro’s School of Music, Theatre and Dance. (Six
subjects were drawn from the author’s theory section, 26
were not.) Students were given 10 minutes to analyse their
example, and were asked to use Roman numerals without
noting inversion. The full instruction page, as well as all
examples and analyses, can be found in the supplementary
material.

Eight music theory faculty (each from different
institutions, all currently teaching a music theory or
fundamentals class) were then asked to grade a randomly
selected group of 8 analyses, not knowing which of the set
was algorithmically or human generated. The theorists were
asked to provide a grade from O to 10 for each example,
indicating the level of expertise in Roman-numeral analysis
the annotations seem to convey (0 = a student with no music
theory experience, 10 = the expertise of a professional).

2) Results. As shown in Figure 3, analyzing the average
grades of the humans and the computer using a two-sided
t-test is nearly significant (p=.07), indicating that the
computer was given consistently higher grades but the
variation renders the grades statistically indistinguishable.
An Analysis of Variance (ANOVA) found no significant
three-way interaction between the primary factors in this
model (the grader, the example’s characteristic, and whether
the analysis had been produced by a human or computer) and
the grades given to the examples (F(1, 25) = .123, MSE
=.615, p =.729), nor was there an interaction between the
grade and the computer/human producer (F(1, 25) = .265,
MSE = 1.324, p=.611). The one significant effect was the
interaction between grade and the example’s characteristic
(F(3,25)=3.053, MSE = 15.27, p = .047), due to the fact that
“simple” excerpts received significantly higher grades.
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Figure 3. Comparing graders’ assessments for both groups of
analyses with standard error

E. Test 3 — Human or Computer?

1) Introduction, Materials, and Methods. While the
previous tests show SPOKE to be performing well, it might
behave in a way noticeably different from human behaviour.
To investigate such potential differences, a final test was
undertaken in which expert theorists were asked to
distinguish between human and algorithmic analyses.

Both the human and automated analyses of Test 2 were
used, now reordered into pairs. Each pair included the same
excerpt analyzed twice, once by a human and once by the

algorithm, with sequential and pairwise ordering randomized.

Eight music theory faculty (each from different institutions,
all currently teaching a music theory or fundamentals class,
with two having participated in the earlier grading task) were
presented with eight pairs of analyses. Each excerpt was
analyzed twice by different graders. The task was to report
which of the two they believed to be created by the computer
and to provide a short written explanation of their choice. If
the sorts of analytical choices made by humans were
different than the algorithm’s behaviors, the theorists would
perform better than chance in their choices. (The full packet
of analysis pairs appears in the online supplement.)

2) Results. Figure 4 shows the number of times the
theorists correctly identified the computer-generated
analysis, first shown as an overall percentage (in white) and
then grouped by the excerpt’s characteristic (in grey).
Overall, the analyses were statistically indistinguishable: of
the 64 choices made by the graders, only 35 were correct,
falling well within the error of a P(.5) binomial distribution.
However, excerpts from the ‘“chromatic” category were
significantly distinguishable: of the 16 choices made by
theorists, 75% (12) were correct (p = .0384).

100%

Percent Attributed Correctly

Simple  iviodulating Moduiating Chromatic
Chromatic

Overail

Excerpt's Characteristic

Figure 4. Dotted line shows the window for a p < 0.05 according
to a P(.05) binomial distribution
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IV. DISCUSSION

These tests indicate that SPOKE, a chordal reduction
process combined with an established analytical algorithm,
seems to conform to human Roman-numeral annotations.
Test 1 found the model to outperform key profiles when
judging the opening key of excerpts within the Kostka-Payne
corpus, while Tests 2 and 3 showed that analyses generated
by the model were judged comparable to and — with the
exception of analyses of chromatic passages
indistinguishable from those produced by undergraduate
music majors. These findings suggest that a chordal
key-finding process can, in fact, both draw its parameters
from a musical corpus and also simulate the key finding
behaviour and Roman-numeral annotations of humans.

The goal of this research is not to supplant pitch-based key
finding models — their connections to music cognition are
unassailable. However, these results suggest that tonal
cognition might be a multifaceted and use multiple musical
domains. For instance, a chord-based model loses its power
in scalar passages and in monophonic music, while a chordal
model might better perform in more thickly-textured music.
Furthermore, the research shows that salient chordal
information can be learned by exposure to a corpus. These
results provide a fundamental proof-of-concept: if this model
indeed captures the properties of common-practice music
used to construct traditional triadic Roman-numeral
vocabularies, then listeners may learn tonal vocabularies and
analyse music in a way similar to how the model learns its
vocabulary and assigns keys.

Nevertheless, these observations are preliminary and
speculative. This model of tonal cognition seems to adhere to
many behavioral aspects of the key-finding task, but the
cognitive validity of much of its engineering remains to be
more extensively tested against human behavior. After all,
the value of computational work to music psychology is not
only to model what is already known about some cognitive
process, but to model what might be true given what we
know about that cognitive process. Such empirically-based
speculative models suggest new hypotheses, plausible
explanations, and directions for future experimental
research.
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ABSTRACT

Music theorists distinguish between melodic notes that fulfill
structural roles from notes that are considered elaborations or
embellishments. Structural notes generally outline or form a part
of the local harmony, while 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 and 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.

I. INTRODUCTION

Which melodic factors might best predict whether a
melodic tone is structural or embellishing? Do these factors
change depending on the style and genre of music? When
we hear a monophonic melody, for instance, are there
certain features which help a listener understand the
“correct” harmonic implications? By examining musical
corpora which contain harmonic information, we can
compare the predictive power of various melodic features —
such as metric position, duration, and interval of approach
and departure — in identifying non-chord tones (NCTs).
That is, we can first examine the melody in isolation, using
these features (both separately and in combination) to
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attempt to predict the location of NCTs. These predictions
can then be compared against an alternative method of NCT
identification: that of flagging any melodic tone which is
not a member of the immediate underlying harmonic
accompaniment.

II. BACKGROUND

The melody writing traditions in Western art music
from the common practice period (henceforth simply
referred to as “classical” music) and popular music, are, of
course, quite different. Specifically, in classical music,
there are “rules” for compositional practice dating back
centuries. For example, most music theory texts classify
various types of NCTs based on metric position and interval
of approach and departure, with most NCTs resolving
downward by step motion (Temperley, 2007). While some
of these stylistic traits also appear in popular music, (e.g.,
suspensions, passing tones, etc.) the usage of NCTs in
popular melodies appears much freer in comparison with
the strict preparation and resolution of NCTs in classical
melodies (Everett, 2001). Temperley (2007) specifically
draws attention to the tendency for pop/rock melodies to
exhibit a phenomenon dubbed “melodic-harmonic divorce”
(attributed to Moore, 1995) where the melodic tones seem
to be less governed by the local underlying harmony, and
more likely to reflect the structure of the tonic (typically
pentatonic) scale. In addition, Temperley noted that
pop/rock melodies are less likely than classical melodies to
have NCTs resolve down by step, are more likely to have
multiple NCTs in a row, and in many cases contain NCTs
that are left unresolved. This phenomenon is claimed to be
more prominent in verse melodies than chorus melodies,
with chorus melodies being more regulated by the harmonic
structure (proposed as the “loose-verse, tight-chorus”
(LVTC) model in Temperley, 2007).

Of course, the entire topic of NCTs brings to light the
problem of defining what is meant by a “chord” (as
discussed by Doll, 2013), and how chord events are
determined in the corpora. While one might argue that any
notes that sound concurrently can be considered a “chord,”
in classical music we typically think of chords as a triadic
structure, or as a bass note with a combination of (mainly
consonant) intervals above it. In popular music this issue is
complicated further in that while triadic harmonies still
feature prominently, chords with added 6ths, “sus” chords
(a root, fifth, and suspended tone — typically a 2™ or 4"
above the bass), and “power” chords (chords made up of
only 5ths) occur frequently, and it calls into question the
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structural nature of a chord and what it means to consider a
tone as “structural” or as “elaboration.”  Moreover,
melodies and their harmonic accompaniments are typically
not independent. As such, when analyzing a piece of music
to determine the harmony (as was done in all of the corpora
used in this study), typically the melodic notes are taken
into consideration when determining the underlying
harmony. Thus, while investigating the stylistic differences
in melody between and across genres, this study will
simultaneously help shed light on some of these contentious
issues.

III. AIMS

Multiple corpora are examined to compare stylistic
usage of NCTs in classical versus popular music.
Specifically, a corpus of classical music consisting of Bach
chorales, Haydn quartets, and theme and variations by
Mozart and Beethoven, and a corpus of popular music
consisting of the McGill “Billboard” corpus with melodic
information added are compared and contrasted in terms of
their usage of NCTs.

It is hypothesized that NCTs in classical music will be
largely predicted by melodic factors, whereas NCTs (based
on the traditional definition) in popular music will not be so
easily identified. Within the genre of classical music it is
hypothesized that theme and variations will have the
greatest incidences of NCTs compared with quartets and
especially chorales, due to the nature of variations as
quintessential of embellishment.

Exploratory analysis will investigate which melodic
factors carry the greatest predictive value for identifying
NCTs both within and across genres. In addition, based on
Temperley’s (2007) model, it is hypothesized that the
proportion of NCTs will be greater in verse sections than
chorus sections in popular melodies. Finally, the question
of whether popular melodies exhibit the tendency to move
freely among the notes of the pentatonic scale (as
Temperley, 2007 suggests) or whether the melodies tend to
outline the tonic triad (as Nobile, 2015 suggests) can be
directly evaluated.

IV. METHOD

From each of the corpora information from the
melodies is extracted, such as the metric position of each
note onset, the duration of each note, and the interval of
approach and departure. All information is encoded in
Humdrum format (Huron, 1995). An algorithm will be first
applied to each melodic feature in isolation, and optimized
to determine which feature in isolation is the best predictor
of NCTs. For example, in classical music, based on rules of
composition, a note that is lept to and from is likely to be a
chord tone, regardless of metric position; however, ignoring
melodic intervals, notes on strong beats are less likely to be
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NCTs than those on weak beats. Then, using the
information from the combination of all melodic features,
an algorithm will be optimized to predict the likelihood of a
NCT in the melody. The success of the algorithm will be
measured against harmonic analyses which were added
manually to each corpus. Melodic tones will be classified
as a member or non-member of the underlying harmonic
accompaniment.

It is anticipated that algorithms for the most complex
melodic corpus will work for less complex melodic
corpora, but not vice-versa. In addition, it is predicted that
the algorithm for identifying NCTs in the classical corpus
will not work for the popular music corpus and vice-versa.
That is, multiple algorithms are likely to be needed for the
separate corpora.

As an example, the set of Bach chorales were compared
against a test set of the theme and variations (specifically,
just the themes) in their ability to predict a chord tone (CT)
or NCT simply from the beat position of the given note
(either ‘on the beat’ or ‘off the beat’). As can be seen from
Table 1, because of the frequent chord changes and
relatively scarce off-beat melody notes in the chorales, this
simple algorithm can correctly predict whether or not a note
is a CT or NCT 83% of the time. However, when applied
to the set of themes using only the beat position as a
predictor, only 59% of CTs and NCTs were successfully
predicted. However, the intervals of approach and departure
may provide some additional information. As shown in
Figure 1, the proportion of CTs approached or left by leap
is larger than the proportion of CTs approached or left by
step. Also, it is more likely that a note that is ‘on the beat’
and approached by step will be a CT than a note that is ‘off
the beat’ and approached by step. If we then combine this
information about the intervals of approach and departure
with the beat position information and apply it to the set of
themes — as shown in Table 1c¢ — the model has improved its
prediction rate and can now successfully predict CTs and
NCTs at an accuracy rate of 74%.

Finally, because of the tendency for popular music to
exhibit melodies and harmonies that are relatively
“independent”, it may be necessary to redefine “non-chord
tone” status in popular music such that notes may be
classified as more or less “stable” regardless of their
relationship to the underlying harmony, and instead based
primarily on melodic factors such as note duration, interval
of approach and departure, and/or relation to the tonic triad.
Note that this last factor would be consistent with Nobile’s
(2015) hypothesis that “the notes of the tonic triad...can
under certain circumstances act as stable tones even if they
are dissonant with the foreground harmony.”

Note that in terms of the interval of approach and
departure, the primary scale type will need to be
considered. That is, as noted by Temperley (2007), what
may appear to be resolution by “skip” may in fact simply
reflect the fact that popular melodies are often within a
pentatonic, rather than diatonic collection, and therefore a
“step” must include a minor third.
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Table 1: Proportion of predicted versus actual chord tones
and non-chord tones for the Bach chorales and the Mozart
and Beethoven themes.

a) Chorales: Prediction based on beat position(on/off)

NCT CT
Predicted NCT .07 .03
Predicted CT .14 .76

b) Themes: Prediction based on beat position(on/off)

NCT CT
Predicted NCT 12 .26
Predicted CT 15 47
¢) Themes: Prediction based on beat position(on/off) +
interval of approach & departure
NCT CT

Predicted NCT .08 .07
Predicted CT .19 .66
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Figure 1. Proportion of chord tones and non-chord tones in
the set of Mozart and Beethoven themes according to beat
placement (‘on the beat’ or ‘off the beat’) and interval of
approach and departure.
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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.
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Form-bearing musical motives: Perceiving form in Boulez’s Anthémes
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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. Nevertheless, 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., Deliege, 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 Anthémes in terms of constantly
changing yet clearly recognizable motives and large-scale perceptual cues (Nattiez et al.,
2014). Anthemes exists in two versions—for violin and violin with electronics—that
share the same motivic families. In Anthemes 2, the form is enlarged and the electronics
create important timbral transformations.

Theoretical analyses of the form of Anthemes I and its enlargement in Anthemes 2 build
on the findings from two experiments that explore musicians’ perception of variations of
selected motives representing the motivic families of Anthemes. Participants hear each
motive, subsequently listening to one version of Anthémes 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
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.
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ABSTRACT

This paper examines affective expression in Beethoven’s piano
sonatas from a structural perspective by building multiple
regression models using music-theoretic parameters as predictors of
perceived affective expression. Thirty 5-second excerpts from the
Beethoven piano sonatas were selected by polling musicians for
those moments that were the most emotionally expressive in the
repertoire. These excerpts were divided into a training set and a test
set, matched by compositional period and inner/outer movement.
68 participants were randomly divided into one of the two groups
in which they listened to each excerpt in that group and rated each
on 9 affective dimensions. Each excerpt was analyzed for 14
different musical parameters, used as predictors in a regression
model for each affective dimension. The models from the training
set were applied to the same musical parameters for excerpts of the
test set as a way of predicting participant ratings of affect. These
predictions were tested against actual participant ratings as a way to
test the generalizability of the models. Of the nine affective
dimension models, six produced predictions that were significantly
positively correlated with mean participant ratings in the test set,
but all nine models were significantly better at predicting ratings
than chance. The regression models were able to account for
between 9-71% (Mean = 34.9%) of the variance in participant
response. However, all nine reverse models, generated from the test
set and tested on ratings from the training set were significantly
positively correlated with mean participant ratings, and all were
likewise better at predicting ratings than chance.

I. INTRODUCTION

Music and emotion has been the subject of scholarly
inquiry for centuries, but recent empirical efforts have
advanced the field in important ways with new methods and
new types of insights into old questions. Specifically, recent
research has discovered links between affective induction
and personality (Rentfrow & Gosling, 2003; Ladinig &
Schellenberg, 2011) and between musical characteristics and
physiological responses like firisson (Sloboda, 1991). Some
aspects of the induction and perception of musical affect
appear to be shared cross culturally (Balkwill & Thompson,
1999; Balkwill, Thompson, & Matsunaga, 2004), although
this effect may be more robust for physiological arousal than
for valence (Egermann, ef al., 2015).

One promising line of research involves discovering
connections between musical surface features and perceived
affect. Juslin and Lindstrém (2011) found that particular
musical features, such as pitch, rthythm, and articulation,
tended to correlate with the perception of specific affective
dimensions. Similarly, Schubert (2004) found strong
correlations between surface musical features and perceived
affect. Other models of affective expression have been built
using Debussy’s Préludes (Imberty, 1979), film music
excerpts (Eerola, Lartillot, & Toiviainen, 2009), and
television title themes (Tagg, 2006). However, the extent to
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which each of these studies’ models apply to other musical
styles remains unclear.

Despite this recent progress, much work remains. The
way that musical structures elicit affective responses is not
completely understood. Although many of the correlations
between musical surface features and affective response
appear to be cross-cultural, many of these correlations may
be culturally bound or may even defy interpersonal
generalization. For example, although the two styles may
share some aspects of affective expression, it is likely that
musical gestures conveying sadness in Baroque opera draw
on significantly different types of musical structures than
gestures of sadness in 1990’s-era grunge rock.

In short, there may be different modes of expressing the
same affective states in music between different genres, eras,
or styles. Even within the musical dialect of one style or one
composer, there may be different ways to express the same
emotion. Therefore, it can be dangerous to overly generalize
findings from the study of one particular set of excerpts to
others. Although statistical methods can estimate the amount
of overfitting in a regression model, it can still be difficult to
know precisely how generalizable the results truly are. One
way to address the question of how generalizable some
experimental finding might be is to test the correlations
found between musical gestures and perceived affect on a
different dataset with a different set of participants.

II. AIMS

The purpose of this study is to develop a robust model
correlating musical structures with perceived affective
expression in a limited repertoire — the piano sonatas of
Beethoven. Beyond simply correlating musical structures
and perceived affect within one dataset, this study will test
these generated models with a new dat