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President’s Message 
 
 
I would like to extend my warmest welcome to the 2007 SMPC conference held here at 
Concordia, Montreal. Conferences are ideal sites of constructive debate, and Concordia is an 
ideal site for converting these debates into agreement, harmony, and understanding. Montreal is 
one of North America’s most vibrant and cosmopolitan cities and a major centre of research on 
music perception and cognition, with leading researchers at Concordia, McGill, Université de 
Montréal, and the Montreal Neurological Institute. Montreal is also the home of BRAMS (Brain, 
Music & Sound), one of the most exciting new international centres of research on music and the 
brain, led by Isabelle Peretz and Robert Zatorre.  
 
This year’s event is the 8th conference of SMPC, which had its first official meeting at UCLA in 
1993. Before that inaugural conference there were a number of highly significant meetings 
including the Queen’s Symposium on Musical Perception, hosted by Lola Cuddy and David 
Keane in 1982 (Kingston, Ontario). As a graduate student at the time, it was enormously 
encouraging for me to attend this gathering and discover that so many people shared my 
fascination with music perception, and supported each other in their research pursuits. As 
promising as that symposium was, few of us could have anticipated the extraordinary expansion 
of the field over the next 25 years, or the types of knowledge that would become available from 
the use of cutting edge technologies such as brain imaging and motion capture. Such 
techniques, and the many gifted researchers who have entered the field, hold great promise of 
further transforming the discipline and yielding an even richer understanding of the perceptual 
and cognitive basis of music. Enjoy the conference.  
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Overview of Program Schedule 
 
 

Monday, July 30              
 
4:30 – 7:30 p.m. Registration desk open in Concordia Hall Building room   H 765 
 
 

Tuesday, July 31                   
 
Morning 
 
8:00 – 8:30 Registration desk open in Concordia Hall Building room              H 765 
  Technical checks for presenters in H 435 and H 415 
 
8:45 – 10:45 Session 1: Opening Plenary          D.B. Clarke Theatre, Hall Building 
 
10:45 – 11:00  Short Break 
 
11:00 – 12:00 SMPC Annual General Business Meeting                        D.B. Clarke Theatre 
 
12:00 – 1:00  Lunch 
 
Afternoon 
 
12:30 p.m. Registration Desk re-opens and stays open for rest of conference 8:00 – 6:00 p.m. 

except for Friday August 3 when it closes at noon. 
 
12:30 – 1:00 Technical checks for presenters in H 435 and H 415. Tech checks will continue to 

take place each morning and lunch hour, 30 minutes before start of next session, as 
well as during 20 minute breaks in mid-morning and mid-afternoon. 

 
1:00 – 2:20       Session 2: Performance issues      H 435 
 
1:00 – 2:20 Session 3: Effects of musical training         H 415 
 
2:20 – 2:40 Break 
 
2:40 – 5:00 Session 4: (Symposium) Music: A multi-modal experience      H 435 
 
2:40 – 4:00  Session 5: Melodic structure          H 415 
 
4:00 – 4:20  Break 
 
4:20 – 6:00 Session 6: Comparisons with speech and language      H 415 
 
Evening  7:30 – 9:00 Open House (welcoming reception) at BRAMS laboratory: 

1430 Mt-Royal Blvd West 
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Wednesday, August 1                 
 
Morning 
 
8:40 – 10:20 Session 7 (Symposium): Motion capture approaches to  

study of music performance                                                                     H 435 
 
9:00 – 10:20 Session 8: Pedagogy/education        H 415 
 
10:20 – 10:40 Break 
 
10:40 – 12:00 Session 9: Pitch and dissonance      H 435 
 
10:40 – 12:00 Session 10: Meter        H 415 
 
12:00 – 1:10 Lunch  
 
Afternoon                    
 
1:10 – 2:30 Session 11: Timbre        H 435 
 
1:10 – 2:30 Session 12: Musical structure      H 415 
 
2:30 – 2:50 Break 
 
2:50 – 5:10 Session 13 (Symposium): Probabilistic models and music  
  cognition          H 435 
 
2:50 – 4:10 Session 14: Pitch and rhythm interactions    H 415 
 
4:10 – 4:20  Break 
 
4:30 – 6:00 Poster session A        H 763 
 
Evening:  Jam session, Thompson House, McGill University 
 
 

Thursday, August 2                           
 
Morning 
 
8:20 – 10:20 Session 15 (Symposium):  Music in multimedia:  

Theoretical, empirical, and pedagogical perspectives   H 435 
 

8:40 – 10:20 Session 16: Neurophysiological responses to complex 
musical stimuli        H 415 
 

10:20 – 10:40 Break 
 
10:40 – 12:00 Session 17: Chord/interval perception     H 435 
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10:40 – 12:00 Session 18: Musical communication     H 415 
 
12:00 – 1:10 Lunch 
 
 
Afternoon 
 
1:10 – 2:30 Session 19: Timbre II                                 H 435 
 
1:10 – 2:30 Session 20: Mathematical modeling/machine approaches 

 to musical structure       H 415 
 
2:30 – 2:50 Break 

 
2:50 – 5:10  Session 21 (Symposium): What is the beat, and why study  

metrical processing?       H 435 
 

2:50 – 4:10 Session 22: Emotion       H 415 
 
4:10 – 4:30  Break 
 
4:30 – 6:00 Poster session B        H 763 
 
Evening:   Conference BANQUET at Le Nouvel Hotel, 1740 Rene-Levesque W. 
  6:30: Cocktail. 7:15: Dinner, music and dancing. 
 
 
Friday, August 2                          
 
Morning 
 
9:00 – 10:20 Session 23 (Symposium): Longitudinal case studies of preparation 

for music performance        H 435 
 
9:00 – 10:20 Session 24: Temporal aspects of music       H 411 
 
10:20 – 10:40 Break 
 
10:40 – 12:00 Session 25: Rhythm & motor issues in performance (piano) H 435 
 
10:40 – 12:00 Session 26: Perception and memory of emotion   H 411 
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Session Descriptions and Abstracts 

 
Tuesday, July 31           
 
Morning 
 
8:45 – 10:45 Session 1: Opening Plenary          D.B. Clarke Theatre, Hall Building 
 
Welcoming words from Chair of Local Arrangements, Christine Beckett. 
 
Greetings from Concordia: 
 
  University President, Dr. Claude Lajeunesse 
 
  Dean of the Faculty of Fine Arts, Prof. Catherine Wild 
 
  Chair of the Music Department, Ms. Kathleen Perry 
 
 
 
 

Presidential Address 
 

SMPC President Dr. William F. Thompson, Macquarie University, Sydney, Australia 
 
 

 
Perceptual and affective goals of performer-audience interaction 

Music is highly engaging to listeners and performers. This property of music is experienced directly by 
listeners, and is also reflected in costs and benefits to accompanying cognitive and motor tasks (reading, 
driving, gaming). Such effects arise from two competing sources of engagement: immediate processing 
demands and dynamic affective states induced by music. Whereas processing demands always reduce 
the resources available for concurrent tasks, affective states induced by music can facilitate performance 
on cognitive tasks, and may linger for several minutes. For example, many cognitive skills are enhanced 
with exposure to energetic and positively-valenced music, but only if the processing demands of music 
listening are minimal or have ceased. Indeed, a primary goal of performers is to encourage deep affective 
engagement with the music, while simultaneously facilitating the perceptual analysis of music by 
providing expressive actions that outline structural properties. Live performers achieve this goal using 
multiple auditory, bodily, and facial-expressive signals, with the salience of signals adjusted to optimise 
perceptual and affective goals. As such, when audience members appear disengaged, performers may 
use compensatory strategies, exaggerating uses of expression. In this way, music may be viewed as a 
form of perceptual and affective engagement in a dynamic audience-performer interaction. 
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Tuesday July 30 morning, Opening Plenary Session, cont’d 
 

 
Keynote Address  

 
Dr. Albert S. Bregman, Emeritus Professor, McGill University 

Introduced by Past President of SMPC, Dr. Mari Riess Jones 
 
 

Contemporary Issues in Auditory Scene Analysis 
 
 
This talk begins by summarizing the main principles of auditory scene analysis (ASA) as they were 
understood in 1990, and will proceed to review their relation to music. While music is an art form and has 
its own internal structure and rules which can vary from one musical tradition to another, it builds on the 
natural tendencies of the human auditory system. 
 
Since 1990, studies of ASA have been carried out in many laboratories, probing the deeper properties of 
the system. Some of these studies have used techniques from electrophysiology, for example the 
recording and analysis of the MMN component of auditory evoked potentials. This component is elicited 
whenever a change is detected in a sequence of auditory events. This change can be in a simple property 
of the sounds in a sequence or in a repeating pattern in the sequence. The MMN technique has allowed 
the researchers to detect stream segregation even when a subject makes no voluntary response to the 
sounds or is paying attention to another task. The use of MMN has permitted us to address questions 
such as the following: What is the relation between pre-attentive and attention-based organization, and, in 
particular, is attention required before stream segregation can occur? While this question was first 
addressed by behavioural studies, MMN data have the capacity to refine the interpretation of the 
behavioural results. The MMN technique has also allowed us to study stream segregation in newborn 
infants, so we can find out whether the tendency to subdivide a sound pattern into auditory streams is 
innate in humans. Other physiological techniques, such as single-cell recording, have allowed the study of 
ASA in non-human animals, making it possible to study its neurological foundations.  
   
A picture emerges of ASA as an essential function of the auditory system that is at least partially innate. 
This function occurs in a variety of different animal species, including birds, bats and fish. It is important to 
stress that what is shared is a function or an achievement, that of recognizing the component sounds in a 
mixture. This common function may employ quite different mechanisms and sound-analyzing strategies in 
different animals. 
 
 
 
 
 
 
 
 
 
 
Plenary Session Opening and closing music: Fanfare I (solo) and Fanfare II (4 part) on the name of Concordia (C. Beckett), 
March Duo (H. Purcell) performed by Prof. Charles Ellison and Prof. Mike Cartile, Jazz Area, Concordia Music Department. 
4-channel multi-track recording by Prof. Mark Corwin, Electroacoustics Area, Concordia Music Department. 
 
 
 
11:00 – 12:00 Society for Music Perception and Cognition Annual General Business Meeting 
                    D.B. Clarke Theatre, Hall Building 
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Tuesday July 31 Afternoon 
 
1:00 – 2:20       Session 2: Performance issues      H 435 
 Moderator: Caroline Palmer (McGill University) 
 
2.1: (1:00 – 1:20)  
Improved score-performance matching using both structural and temporal information from MIDI 
recordings  
Bruno Gingras & Stephen McAdams (CIRMMT, McGill University)                  
 
bruno.gingras@mail.mcgill.ca 
 
In order to study score-based music performance, one has to determine the corresponding score note for 
every performance note, a process called score-performance matching. Since a typical performance may 
contain thousands of notes, researchers have developed algorithms that automate this procedure. Such 
algorithms are called matchers. 
 
Automated matching is a complex problem due to the use of expressive timing by performers and the 
presence of notes that are unspecified in the score, such as performance errors and ornaments. 
Automated matchers typically use performance data extracted from MIDI recordings. In the last two 
decades, several scholars, such as Puckette & Lippe (1992), Large (1993), and Heijink (1996), have 
developed such matchers. For the most part, these algorithms use structural information, such as pitch 
and chronological succession, but do not use timing information. As a result, most matchers cannot deal 
satisfactorily with ornamented performances or performances that exhibit extreme variations in tempo.  
 
In an attempt to solve these issues, the authors developed a matcher that relies both on structural 
information and on a temporal representation of the performance, which is obtained by sequentially 
tracking local tempo changes on a note-by-note basis and mapping performance events to the 
corresponding score events. This allows the matcher to generate an accurate match even for heavily 
ornamented performances. Furthermore, this matcher can identify and categorize all common types of 
errors and ornaments.  
 
Most existing algorithms are designed to find a solution that maximizes the number of matched 
performance notes, regardless of the perceptual relevance of such an approach. In order to increase the 
music-theoretical and perceptual validity of its output, the proposed matcher instead favours solutions that 
preserve the structural and temporal coherence of the individual voices. A comparison with human-made 
score-performance matches realized by the authors (music theorists) on a corpus of 80 MIDI recordings of 
organ performances which were used as ground truth data for this purpose, shows a near-perfect 
agreement between the solutions found by the matcher and the human matches. 
 
Finally, in contrast to existing matchers which focus on piano performance, this matcher is designed to 
accommodate multi-channel MIDI recordings of performances from keyboard instruments with multiple 
manuals, such as organ or harpsichord, and could thus potentially be used to study recordings of 
ensemble performances of MIDI instruments, thereby providing a valuable tool for music performance 
research, as well as a significant improvement over previous algorithms. 
 
 
2.2: (1:20 – 1:40)  
Error analysis of young piano students’ music reading performances 
Helga Rut Gudmundsdottir (Iceland University of Education, McGill University—visiting) 
 
helga.gudmundsdottir@mcgill.ca 
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Music reading skills have been investigated to a lesser extent than language reading skills. Hence, when 
problems arise during music reading acquisition there is a considerable lack of knowledge on the 
underlying sources. From a cognitive perspective, music reading is a complex skill which requires several 
simultaneous processes including coding of visual information, motor responses and visuo-motor 
integration. Although music reading acquisition most often takes place during childhood, less is known 
about children’s music reading skills than those of expert adult music readers.  
 
The present study investigated the music reading errors of 6 to 13-year-old piano students (n = 35) after 
approximately 2 years of piano instruction. The students read three unfamiliar musical pieces that were 
similar in terms of tonality, and rhythmic and melodic complexity, but differed in terms of simultaneity of 
left- and right hand and complexity of left-hand arrangement. The performances were recorded using a 
digital piano and sequencing software. Errors were analysed in terms of frequency, placement, and type. 
The most common error type was erroneous pitches, followed by redundant and omitted pitch errors 
respectively. However, erroneous pitches were significantly more often contour preserving than contour 
violating. More errors were made in left hand than in right hand. Analysis of pitch and timing errors 
suggested that the children focused on playing the pitches at the cost of timing accuracy. Exploration of 
age-related differences in error making indicated that age affected both error frequency and types of 
errors made. The results have implications for music education and for future research. 
 
 
2.3: (1:40 – 2:00)  
Children’s retrieval strategies of memorized pieces 
Alexandra Parbery-Clark (Northwestern University)                                 
 
a-parbery-clark@northwestern.edu 
 
Background:  Prior studies on piano memorization have typically focused on the adult professional pianist. 
Those studies report that analytical memory is a key factor for the early stages of learning (Hallam, 1995a) 
and that structural boundaries form the basis of retrieval cues (Chaffin, 1997). Much less work has been 
conducted on the development of memorization skills in children and adolescents. Lacking the full 
complement of adult music-cognitive abilities, it is possible that children rely on other factors to facilitate 
memorization. 
 
Aim:  The present study investigates how children retrieve a memorized musical piece and whether the 
mechanisms they use differ with age and level. 
 
Method:  The participants were children from three European countries, ranging in age from 8 to 16 and in 
ABRSM (Associated Board of the Royal Schools of Music) grade level from 1 to 8. All participants were 
working towards an examination for their respective piano grade and were asked to memorize their “list A” 
examination piece. Their teachers provided no guidance about how to memorize the piece and were 
simply informed by the student when the memorization was complete. At that time the participants were 
asked to complete a questionnaire. Using the piano if they wished, they were then asked to write out the 
first four bars of the piece on an empty musical staff and their different observable retrieval strategies were 
reported.  
 
Results:  Preliminary analysis of the data indicates that students do not memorize in the same manner as 
professionals. Analytical knowledge appears not to have been a major factor. Of the 19 students so far 
analyzed, 61% knew the key signature and only 47% of them knew the time signature. In the notation task 
it was seen that every student needed to play the right hand in order to retrieve the left. 
 
Conclusions:  The initial finding that key and time signatures were not always known is an indicator that, 
for some children, this information is not an integral element in aiding the retrieval of the piece. There is 
the possibility that these were known at the onset of learning but as the practice sessions progressed, this 
information was no longer deemed essential. The second finding pertaining to the left hand systematically 
requiring the right for retrieval suggests that there may be differences in encoding strategies and/or mental 
representations of the two hands. 
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2.4: (2:00 – 2:20)  
The performer as analyst: A case study of J.S. Bach's “Dorian” fugue (BWV 538) 
Bruno Gingras, Stephen McAdams (CIRMMT, McGill University) & Peter Schubert (McGill University) 
 
bruno.gingras@mail.mcgill.ca 
 
Several studies have brought to the fore the relationship between music-theoretical analysis and 
performance (Cone 1968; Narmour 1988; Berry 1989; Rink 1995, 2002). Whereas scholars such as 
Wallace Berry suggested that performers should heed advice from the theorists regarding the structure of 
the pieces they are performing, others such as John Rink and Joel Lester have recently advocated a 
different view, one that values the performers’ insights about a piece, suggesting that analysts work from 
performances instead of working from the score.  
 
The idea of examining the performer’s output, both as analyst and as performer, is the focus of the 
present study, in which eighteen professional organists from the Montreal area were invited to perform 
J.S. Bach’s organ fugue in D minor (BWV 538), also known as the “Dorian” fugue. An acknowledged 
masterpiece, the Dorian Fugue is one of Bach’s most accomplished works for the organ. Each performer 
recorded the fugue twice on an organ equipped with a MIDI console, which allows precise measurement 
of performance parameters. The performances were generally of a very high musical level; ten of the 
eighteen participants had previously won one or more prizes at national or international organ 
competitions. Immediately after their performances, the organists were invited to submit their own 
analyses of the piece, indicating its main formal subdivisions and what they felt was its climactic point.  
 
A comparison of the written analyses shows that, despite a fair amount of individual variation, the 
performers generally agreed on the main structural boundaries of the fugue. Three different climactic 
points emerged, all of which were found near the end of the fugue but which differed as to their motivic 
content and structural role. An obvious question to ask is the extent to which these analyses related to the 
actual performances. Through careful listening to the recordings, coupled with a detailed analysis of 
performance parameters such as tempo fluctuation and articulation (which are gathered from the MIDI 
data), we aim to show how organists conveyed their structural interpretation of the Dorian fugue, to assess 
whether these interpretations correspond to their written analyses, and to compare the structural readings 
of the piece offered by different performances.  
 
This study promises to shed new light on the complex relationship between performance and analysis by 
giving preeminence to the actualized music rather than to score-based analytical readings, thus proposing 
a reevaluation of the performer’s role in musical analysis. 
 
 
 

Tuesday July 31 Afternoon 
 
1:00 – 2:20 Session 3: Effects of musical training         H 415 

Moderator: Glenn Schellenberg (University of Toronto at Mississauga) 
 
3.1: (1:00 – 1:20)  
Musical experience with passive, active, and enactive listening 
Psyche Loui & David Wessel (University of California Berkeley)                        
 
psyche@uclink.berkeley.edu 
 
Musical experience depends on a large variety of abilities: perception of basic sound features, the 
engendering of expectations about rhythm, melody, and harmony, knowledge of the link between sound 
and action, and intact emotional functioning. We propose that musical experience benefits from passive, 
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active, and enactive listening. Passive listening involves the attentive tracking or generation of 
expectations for certain features of the musical surface; and enactive listening involves the motor 
engagement of music performance. While it appears that genuine musical experience can be had with 
merely passive listening, music educators have proposed active listening strategies as a way to enhance 
musical experience, and proponents of an enactive view have stressed the importance of motor 
engagement and other embodiment constructs. The relationship among these modes of listening remains 
undefined: one hypothesis is that these forms of listening lie upon an attentional continuum but involve the 
same underlying perceptual and learning mechanisms overall; an alternate view is that passive and 
enactive listening strategies are fundamentally different, with active listening being a third system or a 
subset of one of the other modes. We will survey several lines of recent experiments which use both 
traditional and novel musical systems to investigate each of the three modes of listening.  
 
Behavioral and electrophysiological evidence show that passive listening can result in knowledge of 
statistical structure and preferences for musical items. Studies on the role of attentional allocation, in 
behavioral and electrophysiological signatures of music processing, support the idea that active listening 
enhances the musical experience by assisting in the accurate formation of expectations. On the enactive 
side we will describe studies in which participants learn to play a new musical instrument. Evidence from 
brain imaging and electrophysiological studies will be presented with respect to the role of cognitive and 
motor involvement in passive, active, and enactive listening. In this regard the purported role of mirror 
neurons will be critically examined. Implications of the human learning ability on the constraints of musical 
systems will be discussed.  
 
 
3.2: (1:20 – 1:40) 
Order of presentation with experts and non-experts 
Tuire Kuusi (Sibelius Academy, Helsinki, Finland)                                                           
 
tuire.kuusi@siba.fi 
 
Aim:  Studies using different types of stimuli have shown that order of presentation in stimulus 
discrimination tasks affects the responses. Discrimination is easier when the familiar, consonant or 
“prototype” stimulus is the context and the less familiar or dissonant one is the deviant than in the opposite 
arrangement. This study aimed at examining whether these principles are affected by expertise of the 
participants. 
 
Method:  The data were collected in four experiments using non-tonal trichords or pentachords. The 
experiments used sequences of five chords, and in each sequence the context was formed of four chords 
representing the same structure (actually, set-class), and the deviant was a chord representing another 
structure. The participants (experts and non-experts in music) were asked to select one chord that was – 
in some way – different from the others of the sequence. The role of order of presentation for participants' 
ability to discriminate between structures was analyzed (single-factor ANOVA).  
 
Results:  The results were different with trichords and with pentachords and different for the two groups of 
participants. For experts, discrimination between structures that differed markedly from each other was 
easy regardless of the order of presentation. With less markedly differing structures they did better when 
the context was more dissonant than the deviant compared to the opposite arrangement. Yet, when there 
was only a subtle difference in consonance between pentachord stimuli, the experts discriminated better 
when the order of presentation was from a more consonant context to a more dissonant deviant than 
when the order was the opposite; this was also the case for non-experts and all pentachord stimuli. 
 
Conclusions:  The results of the analyses indicated that the effect of order of presentation was different 
with experts and non-experts. The responses for very complex and demanding items (such as 
pentachords for non-experts or pentachords with subtle consonance differences for experts) were made 
according to the principles reported in earlier studies. With easier items the order from dissonant to 
consonant was easier than the opposite order. The deviant chord was heard as different when it was more 
consonant than the others or when it was a prototype. When the deviant was more dissonant than the 
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context, surface-level characteristics of the context chords guided the responses instead of structure; 
transpositional level was found to be important for non-experts and chord voicing for experts. 
3.3: (1:40 – 2:00)  
Ambiguous tone sequences are heard differently by musicians and non-musicians  
Annemarie Seither-Preisler (Section of Experimental Audiology, ENT clinic, Munster University Hospital, 
Germany; University of Graz, Austria), Linda Johnson, Stefan Seither & Bernd Lütkenhöner (Section of 
Experimental Audiology, ENT clinic, Munster University Hospital, Germany)                                                                                           
 
annemarie.seither-preisler@uni-graz.at       
 
The sounds of voiced speech and of many musical instruments are composed of a series of harmonics 
that are multiples of a low fundamental frequency (F0). Perceptually, such sounds may be classified along 
two major dimensions: The fundamental pitch, which corresponds to F0 and reflects the temporal 
periodicity of the sound, and the spectrum, which may be perceived holistically as a specific timbre 
(‘brightness’, ‘sharpness’) or analytically in terms of prominent frequency components (‘spectral pitch’). 
Fundamental pitch sensations occur even when the F0 is missing from the spectrum, a phenomenon that 
has been fascinating both auditory scientists and musicians since its initial description (Seebeck, 1841). 
Recent neuroimaging studies provide evidence that pitch processing involves both the sub-cortical and 
cortical level, suggesting that fundamental pitch sensations might be subject to learning-induced neural 
plasticity. In order to test for the subjective salience of fundamental pitch sensations and for possible inter-
individual differences, we designed a set of artificial stimuli. They were ambiguous in that a rise in the 
spectrum was associated with a missing F0 falling in pitch, and vice versa. An Auditory Ambiguity Test 
(AAT) was constructed, which consisted of 100 ambiguous tone sequences (50 tone pairs presented in 
both orders) with missing-F0 intervals ranging from two to nine semitones. The subjects had to assess in a 
two-alternative forced-choice paradigm, whether the pitch of a tone sequence went up or down; no 
information was provided on the ambiguity of the stimuli. The test was presented twice to 30 non-
musicians, 31 musical amateurs, and 18 professional musicians (the different group sizes reflect the fact 
that a considerable proportion of non-musicians and amateurs had to be excluded from our final statistical 
analysis, in which only subjects with low guessing probability were accounted for). The majority of 
professionals classified the pitch changes according to F0, even at the smallest interval1. By contrast, 
most non-musicians classified according to the overtone spectra, except in the case of the largest interval. 
Amateurs ranged in between. Extensive model simulations revealed that the result cannot be explained by 
differences in the tendency to guess. Rather, it reflects true perceptual differences between the three 
musical competence groups. A plausible explanation would be that musical practice systematically shifted 
the perceptual focus from spectral toward missing-F0 pitch, although alternative explanations, such as 
different genetic dispositions of musicians and non-musicians cannot be ruled out. 
 
Seebeck, A. (1841). Beobachtungen über einige Bedingungen der Entstehung von Tönen. Annals of Physics and Chemistry, 53,  

417-436. 
 
 
 

Tuesday July 31 Afternoon 
 
2:40 – 5:00 Session 4 (Symposium): Music: A multi-modal experience     H 435 

Organizer: Michael Schutz (University of Virginia) 
 
Summary:  Increasingly, a wide variety of research is suggesting auditory information alone does not fully 
define the musical experience. In particular, visual information plays a crucial role, affecting recognition of 
emotional characteristics (Huron, Dahl, & Johnson), appreciation and preference (Lipscomb & Mazzola), 
degree of “groove” in drumming (Pollick et al.), and the perceived duration of marimba notes (Schutz & 
Kubovy). Furthermore, physiological measures of emotion (electrodermal amplitude) reveal a musical 
performance is more than the sum of its unimodal parts (Levitin & Chapados). The proposed symposium 
will bring together a wide variety of approaches, drawing on research from scholars in four countries 
representing a wide variety of experimental methods. While using different techniques, their findings 
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converge on the notion that visual information plays a crucial role in the musical experience. 
Understanding this role is important for music educators, performers, researchers, and audiences alike 
 
4.1: (2:40 – 3:00)  
Seeing versus hearing a musical performance: physiological correlates  
Daniel J. Levitin and Catherine Chapados (McGill University)  
 
dlevitin@psych.mcgill.ca  
 
This experiment was conducted to investigate the physiological correlates of emotion experienced as 
participants observed and/or listened to music using galvanic skin response (GSR) measures. This 
experiment was a follow-up to a previous study that investigated subjective judgments of emotional 
experience while listening and/or observing the same musical stimuli (Vines et al., 2006). Three 
performance styles (immobile, standard, and exaggerated) were presented to participants under three 
conditions (audio alone, visual alone, audio visual). The scaled average of electrodermal amplitude was 
found to be significantly higher than the sum of the reactions when the music was presented in both visual 
and auditory modalities compared to visual only and auditory only, suggesting the presence of an 
emergent property created by the interaction of the two types of stimuli. The present study provides 
converging evidence for the importance of seeing musical performances, and further validates 
electrodermal activity as an objective measure in studies of music-elicited emotions. 
 
 
4.2: (3:00 – 3:20)   
Seeing music: Visual influence on music performance is dependent upon inter-modal relationship  
Michael Schutz and Michael Kubovy (University of Virginia)                                           
 
schutz@virginia.edu 
 
The role of visual information in music performance has received great research attention in recent years. 
Schutz & Lipscomb demonstrated percussionists use gestures to alter perceived duration of tones on the 
marimba (a tuned percussion instrument similar to the xylophone). These results conflict with previous 
sensory integration research suggesting vision does not alter auditory judgments of tone duration. To 
clarify the specific aspects of the stimuli responsible for these effects, we built a point light simulation of a 
percussionist’s long and short gestures. A series of experiments using this model revealed:  
 
1) A single moving dot tracing the pattern of the head of the mallet used by the percussionist to strike the 
marimba produces patterns of visual influence similar to the original videos. 
2) Visual influence is attributable to the performer’s motions after (but not before) striking the note. 
3) When offsetting the sound and visual impact, the influence remains when the gesture leads the sound 
of the note, but not when the note leads the gesture. 
4) A static dot appearing coincident with the onset of the auditory tone for a “long” or “short” period of time 
had a large effect on perceived duration. 
5) When presenting other instrument timbres along with the same gesture, the visual influence: 

a. persists with percussive sounds (marimba, piano). 
b. does not persist with non-percussive sounds (clarinet, voice, trumpet). 

 
From these studies, we conclude that the single dot animation is sufficient to replicate the original findings 
(Experiment 1). Experiments suggest this visual influence is not merely the result of priming (e.g. 
response bias), as the visual influence occurs only when participants see movement concurrent with the 
sound of the note (Experiment 2). Furthermore, while the effect persists in ecologically plausible 
conditions such as when visual information leads the auditory (a naturally occurring result from light 
traveling faster than sound) in Experiment 3, visual influence is lost in implausible situations, such as 
when the sound precedes the moment of visual impact. The visual influence does not depend on visual 
motion (Experiment 4), but rather a visual change coincident with an auditory impact sound. When the 
compelling pairing of an impact gesture and impact sound is compromised by removing auditory impact 
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cues by presenting non-percussive sounds such as the clarinet, voice, or trumpet, visual influence is lost 
(Experiment 5). 
 
 
4.3: (3:20 – 3:40) 
Facial expression and vocal pitch height: Evidence of an intermodal association  
David Huron, Sofia Dahl, and Randolph Johnson (Ohio State University)                                                                                     
 
huron.1@osu.edu 
 
In his classic work on emotion, Charles Darwin (1872) informally noted the role of low and high pitch to 
signal aggression and appeasement respectively. Morton (1977) expanded on Darwin's intuition by 
assembling observations of vocal displays for a large number of species: throughout the animal kingdom, 
low pitch is associated with threat displays. 
 
In the case of human speech, Morton, Bolinger, Ohala and others have shown that vocal pitch (F0) is 
perceived to be associated with social cues for dominance and submissiveness. In a wide sample of 
cultures, Bolinger (1964) observed that high or rising vocal pitch is associated with politeness, deference, 
submissiveness and lack of confidence. Conversely, low or falling vocal pitch is associated with authority, 
threat, aggression, and confidence. Apart from speech, the association between pitch height and 
submissiveness/dominance has also been demonstrated for musical stimuli. Huron, Kinney and Precoda 
(2006) played melodic phrases to listeners who variously judged the aggressiveness, threateningness, 
politeness, or submissiveness of each phrase. A significant main effect was demonstrated where 
judgments were correlated with the overall pitch transposition of a given melodic phrase. In general, the 
same melody played at a lower pitch height sounds more aggressive, more threatening, less polite, and 
less submissive. 
 
In the current study, 44 non-musician participants were asked to sing moderate, high, and low pitches 
while their faces were photographed. In a two-alternative forced choice task, independent judges selected 
photographs of the high-pitch faces as more friendly than the low-pitch faces. When photographs were 
cropped to show only the eye region, judges still rated the high-pitch faces more friendly. In particular, 
there is a strong correlation between eyebrow position and sung pitch – consistent with the role of 
eyebrows in signaling aggression and appeasement. 
 
In short, there is a strong intermodal correlation between facial expression and vocal pitch that suggests a 
close neurophysiological connection between visual and auditory components of threat and appeasement 
displays. These results are consistent with findings by other researchers who have examined facial 
expressions of performers (Dahl & Friberg, 2004, Thompson & Russo, 2006; Bonfiglioli, Caterina, Incasa 
and Baroni, 2006). 
 
 
4.4: (3:40 – 4:00) 
Is musical experience equal to the sum of sight & sound? An investigation of swing groove 
drumming 
Frank Pollick, Scott Love, James Hillis, Melanie Rusell & Karin Petrini (University of Glasgow)                           
 
frank@psy.gla.ac.uk  
 
Music results from human action and when attending to a musical performance both the sight and sound 
of the musician will be bound together in a unitary experience. To explore the nature of this unitary 
experience we use psychophysical methods to investigate how audio and visual information are integrated 
in novices and experts. We are interested in two fundamental aspects of this audiovisual integration 
process. The first aspect is whether observers give equal importance/weighting to the different perceptual 
channels of sight and sound and if the combination of audiovisual information can be considered 
statistically optimal (Ernst & Banks, 2002). This is studied via statistical modeling of a tempo discrimination 
task. The second aspect we are investigating is the sensitivity of this audiovisual integration process to 
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manipulation of properties that naturally covary in the visual and audio signal (e.g. impact velocity and 
sound intensity). This is studied by presenting different stimulus conditions and measuring how the 
audiovisual temporal integration window is altered (Arrighi, Alais & Burr, 2006). This window provides a 
view of how much physical asynchrony in the audio and visual channels can be tolerated such that sight 
and sound are fused into a perceptually synchronous event.  
 
To investigate these aspects of audiovisual integration we choose swing groove drumming since it 
provides a complex signal that has a clear relationship between sight and sound. We first used motion 
capture data of drummers (Waadeland, 2006) to obtain point-light visual displays of a drummer’s arm and 
stick performing swing groove drumming with an accent on the first, second or third beat at 60, 90 and 120 
BPM. Matching synthetic sounds were obtained by a simulation of the first 25 modes of a circular 
membrane that took as input the time and impact velocity of a strike (Rocchesso & Avanzini, 2004). This 
provided us with 9 original stimuli, and the synthetic nature of the stimuli allowed for precise manipulation 
of the visual and auditory signal to provide contrasting stimuli with different tempos for use in the tempo 
discrimination task and different physical synchronies in the synchrony task used to characterise the 
temporal integration window. Our preliminary results indicate that the covariation between physical 
movement and audio influences observers’ integration of sight and sound and that the auditory cue is 
weighted stronger than the visual. 
 
 
4.5: (4:20 – 4:40) 
Appreciation of complex musical sound: The influence of a visual performance component 
Scott D. Lipscomb and Guerino Mazzola (University of Minnesota School of Music)          
 
lipscomb@umn.edu 
 
At present, many tools exist to transform musical sound into a series of visual images, using an algorithm 
specifically developed – often arbitrarily – to transform sound energy measurements into visual analogues. 
Though interesting perhaps on initial exposure, such algorithmic transformations have resulted in no real 
significant value to music learning or the development of preferences. The purpose of the present study is 
to determine whether the presence of the visual performance of music enhances the musical experience 
to a significant degree of the listener-viewer in response to a variety of musical styles: rock, jazz, and art 
music. Participants in the study were assigned to one of two conditions (audio-only and audio-visual) and 
were then presented with four examples selected from each of these three broad musical genres. Two 
examples were selected from a relatively simple musical context (mainstream rock, traditional jazz, and 
music of the Classical era), while two examples were selected from more complex musical styles 
incorporating higher levels of dissonance (noise rock, free jazz, and 20th century art music). Twenty-five 
volunteers participated in the study. The twelve stimuli (four examples x three musical genres) were 
presented in a random order to each participant. After listening to or listening-viewing each stimulus, every 
participant responded on a series of ten Verbal Attribute Magnitude Estimation scales (VAME), specifically 
selected to ascertain whether significant differences exist between the participants’ levels of appreciation 
and preference for these musics when considering both main effects (two presentation conditions, three 
musical styles, and two levels of musical complexity) and interaction effects. A three-way analysis of 
variance will be used to determine the statistical significance of any differences observed. Based on the 
results, the authors will propose potential applications for visual analogues of musical examples from a 
wide array of musical repertoires to facilitate the music learning process and the evolution of musical 
preferences. 
 
 
4.6: (4:40 – 5:00)   
Musical parameters and children's spatio-kinetic imagery  
Zohar Eitan & Nurit Tubul (Buchman-Mehta School of Music, Tel Aviv University) 
 
zeitan@post.tau.ac.il 
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Eitan & Granot (2006) (hence E & G) investigated, using a visuo-kinetic imagery task, how adult listeners 
associate changes in musical parameters with bodily motion in physical space. Their results indicate that 
musical parameters significantly affect several dimensions of motion imagery. For instance, pitch contour 
affected imagined motion along all three spatial axes (not only verticality), as well as velocity and “energy.” 
In addition, surprising directional asymmetries were found, as a musical change in one direction often 
evoked a significantly stronger spatial analogy than its opposite (e.g., the association of pitch direction and 
verticality applies mostly to pitch falls, rather than rises). 
 
This study examines whether E & G's findings apply to children, replicating their study with 6 and 11-year- 
old subjects (30 in each age group). As in the earlier study, participants were asked to associate melodic 
stimuli with imagined motions of a human character, and to specify the type, directions, energy level and 
pace change of these motions. The musical stimuli, selected from those in E & G, consisted of pairs of 
brief musical figures, one member of a pair presenting an "intensification" in a specific musical parameter, 
the other an "abatement" (e.g., crescendo vs. diminuendo, accelerando vs. ritardando). Musical 
parameters manipulated included dynamics, pitch contour, and attack rate (IOI). 
 
Comparison of results in both children groups with those of non-musician adults in E & G suggests that 
several music-motion associations (expectedly, dynamics and distance, pitch and verticality, IOI and 
speed) were shared by adults and children of both ages. In addition, some of the asymmetries reported for 
adults were also found for children. However, noteworthy differences do emerge. Unlike adults, children of 
both age groups relate sound and motion primarily through changes in loudness, mapped onto all facets 
of motion. Loudness is associated not only with distance, but with verticality (more strongly than pitch; a 
descending crescendo, for instance, is associated with spatial rise, rather than fall), speed (as strongly as 
tempo), and energy (most strongly of all dimensions). In contrast, pitch contour and IOI evoke fewer and 
weaker spatio-kinetic associations in children, as compared to adults. We discuss these differences in 
light of developmental trends in the perception of pitch, tempo, and loudness, ad well as the development 
of general cognitive abilities. 
 
Eitan, Z. & Granot, R.Y. (2006). How music moves: Musical parameters and images of motion. Music Perception, 23, 221-247.  
 
 
 

Tuesday July 31 Afternoon 
 
2:40 – 4:00  Session 5: Melodic structure                        H 415 

Moderator: Andrea Halpern (Bucknell University) 
 
5.1: (2:40 – 3:00)  
Gradual binding of musical features during continued listening  
W. Jay Dowling (University of Texas at Dallas) & Barbara Tillmann (CNRA-UNR 5020, Lyon)  
 
jdowling@utdallas.edu 
 
Previous studies with various types of music have demonstrated improvement in recognition memory in 
discrimination between target phrases and similar imitative phrases over time. In a typical experiment, 
listeners heard the beginning of a piece, in which one of the initial phrases would be tested later. The 
music continued, and after a varying delay the music was interrupted for a memory test in which one of 
three possible test items was presented: a repetition of the target (T), a similar lure (S) that preserved the 
melodic and rhythmic contours of the target but was altered in pitch or instrumental texture, or a 
completely different lure (D). We found that discrimination between Ts and Ss improved over time: 
whereas hit rates to targets remained relatively constant over time, FAs to S lures declined. T/D 
discrimination remained relatively high across the time period, with relatively low FAs to D lures. We 
attribute this pattern of performance to listeners' making their judgments at the short delay by matching 
single features of the test item with single features of the target. Single-feature matches suffice for 
discriminating Ts from Ds. But because S lures share features such as contour and key with targets, 
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basing judgments on single features will lead to FAs. We theorize that over time, during continued 
listening, the single features become bound into a coherent memory representation of the target. For the 
test after the longer delay, listeners are able to reject the S lures, because what makes them different from 
Ts is not a different feature set, but the way the features are interrelated in a coherent pattern. 
 
In a series of follow-up studies we systematically varied the filler material between target and test on a 
variety of dimensions, including presenting the melody only, scrambling the order of beats within 
measures, interpolating material from other pieces, and changing its timbre or key. The results suggest 
that perceived continuity of source is important to the continuation of binding; filler imported from a 
different source leads to just as poor T/S discrimination after the long delay as after the short. We discuss 
these findings in relation to phenomena of binding observed in memory for language and faces (such as 
FAs to conjunction lures), and our approach opens the way to further investigations of neural correlates of 
memory since with musical material the binding process is considerably extended in time. 
 
 
5.2: (3:00 – 3:20)  
Implicit learning of melodic structure 
Martin Rohrmeier & Patrick Rebuschat (University of Cambridge)                                    
 
mr397@cam.ac.uk 
 
Interaction with music, in the form of listening, performing or dancing, involves numerous complex 
cognitive processes that mediate engagement with the complex structures of music. Musical knowledge, 
like native language knowledge, is implicit; it is mentally represented without awareness of the entirety of 
the complex nature of its rules, being acquired through attending and interacting with a large number of 
samples. Implicit learning has been found to be a fundamental process in human interaction with complex 
rule-based environments, being particularly important for language acquisition. This paper investigates 
implicit learning of melodic structure. Two experiments were carried out using monophonic tone- 
sequences with a finite state grammar (FSG) as a controlled rule-based system. 
 
In the first study, 55 adult musicians and non-musicians were randomly assigned to either an experimental 
or a control condition. The experimental group was exposed to the stimulus sequences under incidental 
learning conditions by asking them to perform a tone-counting distraction task. In the testing phase, 
participants were then asked to rate familiarity, and to rate confidence in their ratings, of a further 66 
sequences, only half of which were grammatical. The testing set comprised previously heard and new 
grammatical sequences as well as new ungrammatical sequences, the latter differentiated into five 
degrees of dissimilarity/difficulty. Controls only participated in the testing phase of the experiment. The 
results indicated significant above-chance performance for the experimental group and less, but also 
above-chance performance for the controls, interpretable as a strong on-line learning effect; whereas 
musicians and non-musicians scored comparably in the experimental condition, musicians scored higher 
in the control group. Neither group indicated conscious awareness of the bases for their judgments, 
although analysis of the confidence judgments suggests that some participants became aware of the FSG 
rules. Possible explanations for the results as well as the observed pattern across the different degrees of 
recognition difficulty will be discussed. In a second experiment, a different set of musical terminals was 
applied to the original FSG to create another set of stimuli differing from the original set on a surface level, 
but identical in underlying structure. Participants undertook the learning phase with this second set of 
stimuli and their testing phase with the original set. Results should be directly comparable with control and 
experimental group results of the first experiment, allowing conclusions to be drawn regarding implicit 
learning on surface or structural level. 
 
 
5.3: (3:20 – 3:40)  
Indian music: A new vista for understanding perception & cognition 
Shantala Hegde & Shobini Rao (National Institute of Mental Health and Neurosciences, Bangalore, India) 
 
shantala.hegde@gmail.com, slhegde27@yahoo.co.in 
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Studies in music neuroscience in the past decade have explored the neural underpinnings of music--
perception, cognition, memory and emotion--using electrophysiological and functional imaging techniques 
on musically trained, untrained and clinical subjects. However, the majority of studies have focused mainly 
on Western music, even though universal music has variations based on ethnic, cultural and geographical 
factors. Indian classical music, which has a nearly 5000-year history, is traced to the Hindu scripture of the 
Vedas, mainly the ‘Samaveda’. It has two branches: Hindustani music from the North of India and Carnatic 
music from the South of India. Besides universal components the Indian Classical music has two unique 
characteristics: the monophonic nature, and the usage of ragas. It has two edifices--Raaga and Taala.  
 
‘Raaga’, a Sanskrit term, means color or “emotional state”. Raaga is not just a tune, melody or a scale but 
a permutation and combination of specific notes (swar/jati). This has a modal structure (thaat) in varying 
level of significance to each of the notes (vaadi/samvaadi), with their characteristic movements (pakkad/ 
swarup), and has variations in the ascending and descending structure (aaroha/avaroha). Theoretically, 
identification of a Raaga is beyond mere perception of notes or melody. They form the basic framework for 
compositions of newer melodies and creativity of the trained musician and are organized in a multi-tiered 
structure. Fundamental raagas are known as Thaat in the north Indian tradition and Melakarta raagas in 
the Carnatic tradition and multitudes of other raagas are derived from them. Formal musical training 
enhances understanding of the complex structures and identification of various raagas.  
 
‘Taala’ is equivalent to the concept of rhythm. The rhythmic beats are cyclical in nature; representation of 
each beat is made by a nonsense syllable symbolized on the basis of perception of the acoustics when 
played on the tabla (drum used in north Indian classical music). 
 
Studies carried out hitherto have examined activation of specific brain areas using paradigms focusing on 
various components of music, such as pitch perception and timbre, among others. However, the unique 
features of Indian classical music viz, raaga and taala have not been empirically tested yet.  
 
This presentation will focus on delineating the various components and unique features of Indian classical 
music, and will compare it with the Western classical music. This would enable a better understanding of 
the cross-cultural differences and the underlying cognitive process. 
 
 
 

Tuesday July 31 Afternoon 
 
4:20 – 6:00 Session 6: Comparisons with speech and language      H 415 
  Moderator: Isabelle Peretz (University of Montreal, BRAMS) 
  
6.1: (4:20 – 4:40)  
Implicit cognitive rules in music and speech perception 
Jack Heller & Andrew Sioberg (University of South Florida)                                             
 
heller@arts.usf.edu 
 
A theory proposed by Campbell and Heller (1972 hypothesized that a learning window for the perception 
of expressive qualities in music and speech closes around the age of ten. The research reported here 
sought to determine whether children older than the closing of this proposed learning window continue to 
improve in speech and musical discrimination skill, or whether this skill levels off as age increases beyond 
age ten. Instrumental music students (n = 292) between the ages of 11 and 18 participated in the study. 
Each student was administered a forty-item listening test containing 20 speech items and 20 instrumental 
music items. Each test item consisted of three short speech or musical phrases. All three phrases in each 
item consisted of the same written words or notated music, but one phrase was different in interpretation 
or expression from the other two phrases. Two of the phrases were intended by the speakers or musical 
performers to be the same in interpretation/expression and one was intended to be different in 
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interpretation/expression. Subjects were asked to determine which of the three phrases in each item was 
different in interpretation/expression from the other two. The data support the learning window theory for 
speech and music discrimination of expression/interpretation. The ability to discriminate subtle differences 
in nuance did appear to level off before age eleven. What is of particular interest is that these results 
contradict the natural refinement of perceptual skills expected of music students over time. Younger 
groups (aged 11-12) were comprised of students who expressed interest in learning to play musical 
instruments. As years pass, those students who remained in instrumental music classes showed an 
increasing interest and longer term commitment to the development of their musical craft. Yet, their 
perceptual skills in discriminating subtle nuance in musical phrases did not improve. These data support 
the theory that this ability had already been learned by age eleven. Eighteen year-old music students did 
not score better than eleven year olds. The theory suggests that students have already learned important 
task-specific implicit rules for music and speech before the age of eleven. 
 
 
6.2: (4:40 – 5:00) 
Comparing rhythm in speech and music across cultures using acoustic measurements  
Aniruddh D. Patel, Alexander K. Daniele, Heidi Moomaw, & John R. Iversen (The Neurosciences Institute, 
CA, USA)  
 
apatel@nsi.edu 
 
Music and speech both feature rich rhythmic organization. What is the relationship between rhythmic 
patterning in the two domains? One way to address this issue is to investigate the claim that the rhythm of 
a culture’s music reflects the rhythms of its native language. Taking this approach, Patel and Daniele 
(2003) found that the rhythms of British English and French speech were reflected in the classical 
instrumental music of the two cultures. Specifically, British English (a “stress-timed” language) showed 
greater contrast between successive vowel durations in sentences than did French (a “syllable-timed” 
language), and English music showed greater contrast between successive note durations in musical 
themes than did French music. The measure of contrast was an index called the normalized pair-wise 
variability index or nPVI. Higher nPVI values indicate greater contrast. 
 
While the linguistic nPVI values in Patel and Daniele’s study came from acoustic measurements of 
speech, the musical nPVI values were computed from music notation, since this notation indicates the 
relative durations of events. This naturally leads to the question of how the musical nPVI results might 
differ if measurements are based on temporal patterns of actual performances, since such performances 
deviate from the idealized rhythms of music notation. 
 
To address this issue, we have been measuring the timing patterns of recorded performances of the 
themes studied by Patel and Daniele. In all cases, conductors and ensembles are of the same nationality 
as the composers. To date, ~40% of the original themes have been analyzed, and a robust pattern of 
results has emerged. In both English and French music, there is a lawful relationship between ‘notation 
nPVI’ and ‘performance nPVI.’ Low nPVI themes tend to be performed with a greater degree of contrast, 
and high nPVI themes tend to be performed with a lower degree of contrast. Strikingly, the regression line 
relating notated and performed nPVI is virtually identical for music from the two cultures. The similarity of 
the mapping between notated and performance nPVI across cultures suggests a basic performance 
constraint. The results allow us to numerically predict the outcome of performance nPVI measurements on 
the entire corpus of Patel and Daniele. According to this prediction, English music has a significantly 
higher nPVI than French music in actual musical performances, in agreement with the results based on 
notation. Supported by The Neurosciences Research Foundation     
 
 
6.3: (5:00 – 5:20)  
‘Above all nothing which resembles singing’: Rousseau and changing compositional styles in 
19th-century French art song 
Leigh VanHandel (Michigan State University)                                                                            
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lvh@msu.edu 
 
In his “Letter on French Music” from 1753, Rousseau decried the current state of composition in France as 
being inappropriate to the language, and called for French composers to find a new path to composition 
that was more sensitive to the prosodic characteristics of the French language: 
 

It is quite obvious that the best recitative that could suit the French Language must be almost  entirely  
opposite to the one that is in use: that it must range within very small intervals, neither much raising nor  
lowering the voice, few sustained sounds, never outbursts, still fewer shouts, above all nothing which  
resembles singing, little inequality in the duration or value of the notes, nor in their degrees either. 

 
Rousseau’s diatribe outlines characteristics of the French language he believes should be reflected in 
French vocal music, including the following four principles derived from his statement: (1) that the overall 
range used should be small; (2) that there should be few long durations; (3) that there should be relatively 
little durational variability; and (4) that small intervals should be favored over large. Recent linguistic 
research has demonstrated that these four principles are, in fact, characteristics of the spoken French 
language. Using Humdrum, an open source software package designed for computer-assisted music 
research, this study utilizes a large database of 19th century French art songs to determine the extent to 
which the prosodic principles identified by Rousseau are characteristics of French compositional style in 
the 19th century. For purposes of comparison, the same characteristics are studied in German art songs 
of the same time period. Results of the study indicate French composers in this era and genre may have 
been more attuned to the pitched characteristics of the language than the rhythmic; the pitch-related 
characteristics suggested by Rousseau are present and significantly different in French songs than in 
German, while the rhythm-related characteristics are either not significantly different or run counter to 
expected results. The presentation will discuss results of the study and attempt to place them in a 
historical as well as musical context. In addition, the presentation will discuss results for individual French 
composers to illustrate how this type of analysis can provide information not only about broad trends in 
composition, but also about the compositional style of individual composers. 
 
 
6.4: (5:20 – 5:40)  
Multidimensional syntax: A statistical learning study  
Jaime Madell & Richard Ashley (Northwestern University)                                  
 
j-madell@northwestern.edu 
 
Recent investigations into the neural processing of musical structure have revealed overlaps at many 
areas previously thought to be language-specific, e.g. the areas of Broca and Wernicke (Koelsch) et al., 
2002). While intriguing, such results should be digested with care. Many of the studies that attempt to 
examine music and language side by side rely on simple assumptions about how music works. For 
example, while it is generally assumed that music is syntactic in terms of its harmonic and tonal 
organization (Lerdahl and Jackendoff, 1983; Patel, 2003; Koelsch & Siebel, 2005), the relationship of this 
grammatical feature to other aspects of musical syntax and semantics remains under-examined. As a 
result, research on the neural overlaps of music and language often relies on limited stimuli (usually out-
of-context chords) that operate along a single (harmonic) dimension (Maess et al., 2001; Patel et al., 
1998). 
 
To achieve a more accurate picture of how we process musical structure, neuroscientists should reach 
beyond the harmonic dimension and employ stimuli and tasks that require the processing of structure in 
various dimensions (melodic contour, rhythmic patterning, etc.). The Galant schemata categorized by 
Robert Gjerdingen (2007) offer a valuable set of such robust stimuli. We begin with statistical learning 
concepts and present subjects with examples of stylistically correct sequences of schemata. We then ask 
subjects to discriminate between “correct” Galant melodic formulae set to a given stylistically natural 
harmonic progression and “incorrect” Galant melodic formulae set to the same harmonic progression. 
Data suggest that while untrained subjects make judgments based on harmonic relatedness, trained 
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subjects base judgments on their recently acquired knowledge of the formulae encountered in training. We 
argue that “syntax” and “semantics” are perhaps not as useful for music as they are for language.  
 
Alternatively, we propose conceptualizing musical structure along multiple syntactic dimensions. Those 
dimensions that operate along the lines of a generative grammar (e.g. harmony) will most closely 
represent linguistic syntax at the cognitive and neural levels. On the other hand, those dimensions that 
pertain more specifically to styles and pieces (e.g. melodic formulae) will likely fall closer to linguistic 
semantics. All dimensions can be thought of as operating in the universe of embodied meaning as 
theorized by Leonard Meyer (1956). We hope to follow collection of behavioral data with a functional 
imaging component. 
 
 
6.5: (5:40 – 6:00)   
The influence of temporal alignment of lyrics and melody on semantic integration in song: EEG 
and behavioral evidence 
Reyna L. Gordon & Edward W. Large (Florida Atlantic University)                                
 
gordon@ccs.fau.edu 
 
Speech and music each have characteristic rhythmic structures, but in song these structures combine to 
form a unified temporal organization. It has been suggested that musicians temporally align stressed 
syllables with musically strong metrical positions in order to focus listeners’ attention on the stressed 
syllables and more efficiently encode the song into memory (Palmer & Kelly, 1992). The aim of the 
present study is to use behavioral and electrophysiological measures to test the hypothesis that good text-
setting helps listeners to better understand language in song. Additionally, we seek to determine the effect 
of metrical regularity on intelligibility by comparing listeners’ perception of metrically regular sung 
sentences (well-aligned or misaligned) with metrically irregular (mixed-aligned) sung sentences. Well-
aligned and misaligned text-settings were created by assigning sentences with regular iambic or trochaic 
stress patterns to melodies that have either a repeating strong-weak or weak-strong rhythmic pattern 
solely determined by their durations of the notes (long-short-long-short-long-short or short-long-short-long-
short-long); mixed alignment text-settings were created by assigning sentences with irregular stress 
patterns to melodies with regular rhythmic patterns, so that within each sentence, some syllables are well-
aligned and some are not. A cross-modal priming protocol was designed to assess whether the prime 
sentences, sung with varying types of alignment, facilitate or hinder the semantic processing of 
subsequently presented visual target words. Listeners (non-musicians) are instructed to decide whether a 
target word is semantically related or unrelated to the sung sentence. EEG and behavioral responses are 
recorded during the presentation of prime sentences and target words. Event-related activity during song 
perception, including low frequency Event-Related brain Potential (ERPs) as well as evoked and induced 
responses in beta and gamma frequency bands, are analyzed to explore the time course of rhythm 
perception and semantic processing in song cognition. We expect that degraded semantic integration of 
target words following misaligned sentences compared to target words following well-aligned sentences 
will manifest in greater amplitudes of the N400 component associated with the target word. The results will 
shed light on broader issues in language and music cognition, such as the extent to which rhythmic 
attending may represent a general cognitive capacity shared by speech and music. 
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Morning 
 
8:40 – 10:20 Session 7 (Symposium): Motion capture approaches to  

study of music performance                                                                          H 435 
Organizers: Caroline Palmer (McGill University, BRAMS) & Virginia Penhune 
(Concordia University, BRAMS) 

 
Summary:  Music performance is usually studied in terms of the sounded performance or in terms of MIDI 
measures from electronic instruments, to map categorical events (e.g.,  pressing a key) to musical sound. 
Recently, motion capture techniques have developed that allow measurement of performers’ motion in 
continuous fashion, on a very fine timescale, and with minimal interference to movements or resulting 
sound. This symposium features presentations by five experts in motion capture applications to music 
performance; each one discusses novel findings revealed with motion capture measurements, as well as 
theoretical and technical challenges that motion capture brings to the study of musical performance.  
 
 
7.1: (8:40 – 9:00)  
Functional and dysfunctional movement strategies in drumming 
Sofia Dahl (Hanover University of Music and Drama)           
 
sofia.dahl@hmt-hannover.de   
 
To control the sound characteristics during playing, musicians use movement strategies. Some musicians, 
such as wind and string players, have continuous control over sound characteristics such as pitch and 
timbre. Percussionists, in contrast, have little control over the tone, once initiated. The player’s direct 
contact with the instrument is in general limited to a few milliseconds. The short contact between player 
and instrument implies that whatever the resulting striking force and dampening effect the percussionist 
wants to induce would need to be integrated in the entire striking gesture. That is, the player needs to 
apply the appropriate movement strategy for the whole gesture if the outcome is to be satisfactory.  
 
Earlier studies on percussion playing have reported that drummers use movement strategies consistently 
for the same task, although strategies differ considerably between players (e.g. Dahl, 2004, Acta 
Acustica). There are also clear differences in movement strategies between skilled and unskilled 
drummers (Trappe, Katzenberger & Altenmüller, in press, Med Problems of Perf Art). The large inter-
individual differences in movement strategies make comparisons between performers difficult. Very 
different movement strategies can be used to achieve the same goal but some appear to be more 
"appropriate" than others. The problem becomes apparent in the case of movement disorders among 
musicians. An acquired movement strategy, refined over many years of practice, sometimes results in 
problems such as overuse syndrome or focal dystonia.  
 
The objective of this paper is twofold: 1) to review and discuss previous work on movement strategies with 
respect to intra- and inter-subject variability, and 2) to compare movement strategies used by healthy 
percussionists and patients with focal dystonia and pain syndromes. Preliminary results of ongoing work 
will be reported and theoretical implications will be discussed.  
 
 
7.2: (9:00 – 9:20) 
Disruption of rhythm production by delayed auditory feedback: The role of movement  
Peter Q. Pfordresher & Xiaojun Shan (University at Buffalo, State University of New York)   
 
pqp@buffalo.edu 
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Fluency in music performance relies in part on the timing of auditory feedback. When auditory feedback is 
delayed, performance speed slows down, timing becomes more variable, and errors may increase. 
Disruption varies with delay length, and in rhythmic behaviors is best predicted by the relative phase of 
feedback onsets with respect to the timing of produced onsets. Why does this disruption occur? One 
possibility, addressed here, is the timing of feedback interferes with the kinematics of movements during 
performance. For instance, feedback onsets that occur during the upswing phase of a finger movement 
may be more likely to slow down timing than feedback onsets that occur as the finger plunges toward its 
target (e.g., a piano key). Alternatively, movement kinematics and information concerning onset timing 
may function independently (cf. Palmer & Loehr, in press).  
 
We investigated the link between disruption caused by delayed auditory feedback (DAF) and movement 
kinematics in an experiment in which participants tapped isochronous rhythms with their right index finger 
at a rate specified by a metronome. During certain trials auditory feedback was delayed by a fixed 
proportion of the predicted inter-tap interval (ITI). Delays varied from 0% (normal) to 88% in steps of 
12.5%. Auditory feedback manipulations and the collection of onset time data (from taps and feedback) 
were carried out using the software program FTAP (Finney, 2001). Motion capture data, from a single 
marker placed on the fingernail, were collected using a Visualeyez single-tracker system (Phoenix 
Technologies, Burnaby, BC).  
 
Analyses of timing data confirmed results from experiments with similar feedback manipulations: ITIs 
varied as an approximately sinusoidal function with feedback condition. ITIs were longest for shorter 
delays (<50% of ITIs) and tended to speed up for longer delays (> 50%). Movement data were analyzed 
by examining finger position at the time of feedback onset. Although finger position varied reliably across 
feedback conditions, finger position did not predict timing. A second metric characterized feedback onset 
time with respect to different phases of the finger’s movement: decreasing negative values reflected the 
upswing phase of taps (0 = peak) and increasing positive values reflected the downward phase. ITIs 
slowed as feedback onsets neared the time of maximum finger height, and sped up throughout the finger’s 
downward phase. These results suggest that performers do relate the timing of auditory feedback to 
movement kinematics, but in a way that is sensitive to rhythmic characteristics of movements.  
 
 
7.3: (9:20 – 9:40)  
OptoElectronic Plethysmography (OEP): A tool to modify musicians’ perception of breathing  
Isabelle Cossette (McGill University), P. Monaco, A. Aliverti, & P. T. Macklem (Politecnico di Milano, Italy)  
 
isabelle.cossette1@mcgill.ca  
 
There is a large controversy in music about whether or not the diaphragm is involved in controlling the flow 
of air during flute playing. In order to know how flautists’ breathing perception corresponds to physiological 
processes, we compared the perceptions of flautists concerning the use of their respiratory muscles 
during playing with the actual respiratory measurements of muscles activity and chest wall displacements 
during professional flute playing.  
 
The project included two sections. First, three professional flautists were interviewed about their 
perceptions, as a flautist and as a flute teacher, on the way they breathe during flute playing, on the way 
they teach breathing, on the definitions of terms related to respiration (‘support’, diaphragm, inspiratory 
and expiratory muscles) and on the role of different respiratory muscles during playing. Second, 
respiratory parameters and sound were measured during professional flute playing in order to assess 
what physiological processes were associated with 'breath support' (S). Four standing young professional 
flautists played flute excerpts with S and without S (NS). Recordings included optoelectronic 
plethysmographic measurements of chest wall volume (Vcw) and its compartments, surface 
electromyography of the respiratory muscles (scalene, lateral abdominal, rectus abdominus, parasternal 
and sternocleidomastoid muscles), mouth pressure, and sound. Flow, measured during quiet breathing 
and vital capacity, was estimated from differentiating Vcw during playing.  
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Whereas compilation of interview answers showed that definitions of support included relations to 
diaphragm activation, results from the respiratory physiological measurements showed that flute breath 
support entails antagonistic contraction of non-diaphragmatic inspiratory muscles that tend to hold the rib 
cage at a higher lung volume. Although in the interviews, agonist vs. antagonist actions had not been 
described, the physiological measurements showed that during support, the expiratory muscles were used 
as agonists while the inspiratory muscles although acting antagonistically were, in reality, synergists. 
Flautists’ breathing perception did not correlate with physiological parameter measurements. These 
results show that, by understanding better the respiratory mechanisms, optoelectronic plethysmography 
can be used as a tool to modify flautists’ breathing perception and possibly to increase the correlation 
between the flautists’ perception and the physiological processes actually involved during professional 
flute playing.  
 
 
7.4: (9:40 – 10:00)  
The tempo of musicians’ finger motions  
Caroline Palmer (McGill University)                                                                      
 
caroline.palmer@mcgill.ca 
 
Performance on many musical instruments requires fast sequences of finger movements, and 
pedagogical techniques often focus on which are the appropriate and inappropriate movements. Most 
studies of music performance measure the sounded event, the ultimate goal of performance. We focus 
here on measurements prior to the sounded event: the finger movements that performers use when 
producing sound. These movements indicate musical, psychological, and physical influences, including 
anticipatory planning and co-articulatory constraints that arise from neighboring fingers and sequential 
contexts. This talk focuses on performance constraints that arise from relationships between finger 
movements, tempo, and aspects of the resulting sound such as sound intensity and temporal precision.  
 
Natural relationships exist between force, tempo and dynamic level in music performance; as force and 
tempo increase, dynamic levels tend to increase. Recent studies of performance (Dalla Bella & Palmer 
2004; Loehr & Palmer, in press) show that pianists’ finger movements increase as tempo increases. Why? 
Some pedagogical practices recommend that performers keep their movements small, in order to 
conserve energy. Motor explanations based on energy conservation would predict smaller movements at 
fast tempi. For example, constant energy in mass-spring models of harmonic motion predict decreased 
amplitude of motion when tempo (rate) increases.  
 
I describe studies of musicians’ finger motions measured with motion capture techniques in piano 
performance, tapping tasks, and clarinet performance. In each experiment, participants produced 
melodies or tapping patterns using different sequential orderings of finger movements, at a range of tempi. 
Finger movements were analyzed immediately prior to and following the sounded event associated with 
each finger’s motion (Carter et al, 2007; Goebl & Palmer, 2007; Loehr & Palmer, 2007). Finger movement 
amplitudes increased prior to the sounded events up to very fast tempi, but finger amplitudes decreased at 
extreme tempi (less than 100 ms IOI). One possible explanation includes finger motion as constrained in a 
coupled-mass-spring system, where force and amplitude of motion are positively correlated; the closer the 
tempo is to the finger’s resonant (natural) frequency, the greater the amplitude of motion. Relationships 
between tempo and movement amplitude in musicians’ finger movements may depend on dynamics of the 
human hand and energy transfer to the musical instrument, in addition to musical and psychological 
influences.  
 
 
7.5: (10:00 – 10:20)  
Enhancing motion capture with video and musical analysis 
Richard Ashley (School of Music, Northwestern University)                                
 
r-ashley@northwestern.edu 
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Motion capture technologies provide robust methods for the collection and analysis of quantitative data 
related to musicians' movements. Interpreting the results of motion capture data can sometimes be 
problematic, however, due to the chains of inference involved. One way to approach this issue is to use 
other sources of information about the musicians' behaviors as a complement to the motion capture data. 
This presentation discusses the use of video analysis and musical analysis to enrich the interpretation of 
motion capture data.  

Video recordings of musicians performing provide a rich source of information about expressive musical 
performance. Musicians routinely move in ways that are unnecessary for producing the sounds of music 
and are seen to be connected to their communicative intentions. Many aspects of bodily expression--hand 
shape, posture, facial expressions, and others--are easily accessible from video but not from motion 
capture. However, descriptions of musicians' movements tell only part of the story, even when using 
motion capture and video together. These movements are, after all, related to musical structure; 
musicians' movements are a part of their expressive intentions and actions with regard to the music they 
are performing. It is not possible to interpret musicians' movements, whatever source of data is used, 
without reference to the musical structure.  

Since music is inherently multidimensional, musicians' movements may have a complicated relationship to 
musical structure, sometimes foregrounding one aspect, such as pitch, and at other times another aspect, 
such as meter. Musical analysis is an essential tool for helping to explain why. The use of video analysis 
and musical analysis to complement motion capture data are explicated with examples taken from 
clarinetists' performances of the beginning of Brahms' Clarinet Sonata No. 1 in F minor, Movement 1. Like 
most late works of Brahms this movement contains numerous complexities of musical structure, allowing 
the performer great possibilities for individualized nuance of interpretation. Prominent among these are the 
largely independent cycles of structure produced by harmonic progression, grouping structure, and metric 
structure. The way in which the clarinetists' movements are related to these three different aspects of 
musical structure are demonstrated, and the ways in which video analysis further informs motion capture 
data is made clear.  
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9:00 – 10:20 Session 8: Pedagogy/education                   H 415 
   Moderator: Elizabeth West Marvin (Eastman School of Music)  
 
8.1: (9:00 – 9:20) 
Does memory ability predict ear training skill? 
Christine Beckett (Concordia University, BRAMS)                                             
 
cbeckett@alcor.concordia.ca 
 
Memory has been studied for performance (Chaffin, 2002; Ginsborg, 2004). Music perception also uses 
memory (Saffran, 2003; Zatorre, 2001), as does ear training. Does score-based memory training affect ear 
training grades?   
 
Method: 21 ear training students in first (n = 12) and second (n = 9) terms participated. At start of term, a 
4-bar melody was assigned to be memorized and written out in the next class. At mid-term, students 
chose excerpts to write by memory 4 weeks later. Students answered questionnaires on memorization 
methods after testing of both short and long memory items. 
 
Analysis: Percentage accuracy for both examples showed no significant differences between levels (short, 
F = 1.69, p < .2; long, F = .58, p < .5). Average accuracy: short items, 85.6% (15.5); long items, 85.5% 
(17.3). Final grades were slightly, but not significantly, higher than those of matched control classes, 
indicating no training effect. Accuracy on short and long examples was correlated, Pearson .452, p < .05. 
There was no correlation between accuracy and any single method or combination of methods nor 



21 
 

between accuracy on the long memory items and final grades. But very interestingly, memory accuracy 
was highly significantly correlated to final grades for the short item, Pearson 2-tailed, .681, p < .001.  
 
Discussion: Memorization methods included:  auditory—hearing live, or mentally; visual—sight of  the 
score, or of playing an instrument; motor—the feeling of playing an instrument (tactile), or proprioception 
of playing/singing  (kinetic); theory-based—knowledge/analysis of keys, melodic contour, chords, rhythms,  
phrasing etc.; sheer repetition; and special methods—recording the passage, writing it  repeatedly, playing 
it on several instruments, “dancing it”, and “hearing colours”. All participants used multiple methods, but 
visual and theory-based methodology predominated overall, probably because the exercises were given in 
printed score and were expected to be re-created as written score. Participants accessed long-term theory 
knowledge to chunk and easily retrieve items. Had activities been call-and-response, aural and motor 
methods may have predominated, and short-term memory more in play. Future research might examine if 
such activities affect ear-training skills. The unexpectedly high correlation between short example 
accuracy and final grades was a surprise. It may have depended on the example used or personal 
characteristics of this specific group of participants; but if the result proves robust upon replication, use of 
a short written memory exercise could be used early in term to identify students in need of extra help. 
 
 
8.2: (9:20 – 9:40)  
The hearing body: Physicalizing the solfège classroom 
Eric Barnhill (New School, New York)                                                                   
 
barnhilc@newschool.edu 
 
Studies in music cognition increasingly recognize the role played by kinesthesia in music perception. This 
contemporary research confirms the century-old approach of Emile Jaques-Dalcroze, professor at the 
Geneva Conservatory at the turn of the last century, who devised a curriculum for integrating rhythmic 
movement into solfège and aural skills training. Aspects of this curriculum are in use at major 
conservatories worldwide and at institutions that train musically gifted children. 
 
This presentation describes and demonstrates some of the Dalcroze-based Integrated Theory curriculum 
in use at the Special Music School for musically gifted children in New York City. Three subjects from the 
theory classroom will be covered: simple and compound meter in dictation, interval training, and clef 
reading. The traditional approach to teaching these subjects will be reviewed and the Special Music 
School's Dalcroze-based approach presented, with descriptions of how using the body as bridge between 
theory and aural experience creates superior learning of sophisticated musical concepts at a very young 
age. 
 
 
8.3: (9:40 – 10:00)  
The effects of 8 weeks of musical training at home with parental involvement in 3-year-old children 
Denia Diaz (National University of Mexico)                                                               
 
deniadiaz@yahoo.com 
 
The aim of this ongoing study is to observe the effects of musical training at home with parental 
involvement, in 3-year-old children after a period of 8 weeks. 30 children were divided into 3 groups that 
received music training under 3 different conditions. Experimental Group 1 had a music class of 30 
minutes once a week at school, plus 3 sessions a week of 15 minutes of structured musical activities at 
home with parental involvement during 8 weeks. Experimental Group 2 had an extracurricular music class 
of 30 minutes once a week (with no parental involvement) during 8 weeks, besides music class at school. 
Control Group only had music class at school. A Music Achievement Test will be conducted in all 3 groups 
after the 8-week period of music training, as well as an EEG registration in 4 children of each group, in 
order to observe differences in music responses and brain electrical activity among the 3 groups of 
children.  
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Educators and researchers agree that infancy is a crucial period for the development of musical abilities. 
Parent-child interaction during the early years may have a long-term influence on learning and on the 
development of diverse abilities in the child. Parent involvement has a strong influence on children’s 
musical learning. Playing strengthens parent-child bonding which has an impact on cognitive, emotional 
and motor development. Emotional bonding facilitates neural synaptic connections; positive emotions 
excite chemical neurotransmitters that stimulate learning processes. Early and ongoing musical training 
affects the organization of the musical brain. Family environment has a distinctive influence on the child’s 
musical experiences.  
 
This presentation will report the following aspects of this ongoing research study:  
• Contents of the structured music program for using at home and the type of parental involvement.  
• Outcomes from the Questionnaire given to parents reporting the type and amount of engagement from 
the child and themselves in this kind of musical activity at home.  
• Analysis of the Music Achievement Test given to the children participating in the study, after 8 weeks of 
music training at home.  
 
 
8.4: (10:00 – 10:20)  
Positive effects of a classroom, string-based instrumental music program on verbal learning and 
short-term memory of primary school children  
Nikki Rickard, Jorge Vasquez, Samia Toukhsati & Fintan Murphy (Monash University, Victoria, Australia) 
 
nikki.rickard@med.monash.edu.au   
 
Musicians tend to demonstrate superior verbal recall than do non-musicians (Brandler & Rammsayer, 
2003; Schellenberg, 2006). This superiority exists in childhood, and is apparent in tests of both learning 
and delayed recall (Ho et al., 2003). While transfer effects of music training have been confirmed in 
several experimental studies, there has been limited examination of the impact of music programs on 
memory processes. The current study explored the effect of one year of a strings-based instrumental 
program on verbal learning and memory. To reduce attrition associated with longer-term evaluation, the 
program was introduced into treatment schools as part of the timetabled curriculum. Control schools 
continued to receive their normal music curriculum. Participants (148 nested within 9 schools; 76 female, 
72 male; mean 8.2 years) were allocated to either the music program (n=87) or the control (n=61). The 
Children’s Memory Scale (Word Pairs Test) was used to test verbal learning, short-term memory, long-
term memory and long-term recognition recall. The Benton Visual Designs test was used to assess non-
verbal short-term memory. Measures were obtained (as part of a larger data set) at baseline, and 
approximately one year after implementation of the program.  
 
Mixed model ANOVAs revealed that students receiving the music program exhibited significantly better 
learning and immediate recall for verbal information than did control children. In contrast, there were no 
significant differences between the groups on long-term recall or recognition of verbal information, 
attention, immediate recall of visual information, or perceptual-motor skills. These findings must be 
interpreted with caution given that (a) there was no similarly engaging but non-musical training control and 
(b) the students were nested within schools. Nevertheless, the current study is consistent with 
correlational evidence that music training enhances verbal memory processing. The observed benefits to 
verbal learning and short-term memory could be attributable to music training enhancing auditory temporal 
processing skills (Jacobsen et al., 2003). While the enhanced left hemisphere function observed in 
musicians during music processing (see Altenmuller, 2003) might also benefit verbal functions, such 
plasticity is likely to require a longer duration of training than implemented in the current program. The 
second stage of this research will assess the effects of a second year of this program with the effects of 
an alternative engaging arts training program.  
 
Altenmuller, E. (2003). How many music centres are in the brain? In Peretz, I., & Zatorre, R. (2003), The cognitive neuroscience of 

music, pp 346-353. Oxford University Press.  
Brandler, S. & Rammsayer, T. H. (2003). Differences in mental abilities between musicians and non-musicians. Psychology of 

Music, 31, 123-138.  
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Ho, Y-C., Cheung, M-C. & Chan, A. S. (2003). Music training improves verbal but not visual memory: Cross sectional and 
longitudinal explorations in children. Neuropsychology, 17, 439-450.  

Jacobsen, L. S., Cuddy, L..L. & Kilgour, A. R. (2003). Time tagging: A key to musicians’ superior memory. Music Perception, 20, 
307-313.  

Schellenberg, E. G. (2006). Long-term positive associations between music lessons and IQ. Journal of Educational Psychology, 98, 
457-468.  
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10:40 – 12:00 Session 9: Pitch and dissonance                     H 435 

Moderator: Daniel J. Levitin (McGill University) 
   
9.1: (10:40 – 11:00) 
Purely vocal tone-deafness: The case of A.Z. 
Simone Dalla Bella & Magdalena Berkowska (Department of Cognitive Psychology, University of Finance 
and Management, Warsaw, Poland) 
 
sdallabella@vizja.pl 
 
The ability to sing is quite widespread in the general population. Most people without musical training find 
it particularly pleasurable to sing in a group (e.g. in a nonprofessional choir or during religious practices). 
The majority of occasional singers can sing in tune and in time, provided that they perform at a slow 
tempo. Yet, not everybody can sing proficiently. For example, self-declared tone-deaf individuals often 
complain of being unable to sing. Poor singing in tone-deaf individuals has often been treated as the result 
of an impoverished perceptual system. Nevertheless, recent evidence indicates that tone-deafness can 
occur in a purely vocal form, with spared perception. In this study we examined this purely vocal form of 
tone-deafness in A.Z., a recently discovered tone-deaf patient. A.Z. is a 20-year-old psychology student 
without musical training. Singing proficiency was assessed by asking A.Z. and a group of 5 matched 
controls to repeat single pitches (Task 1), intervals (Task 2), and short melodies (Task 3); in addition, 
participants had to sing three well-known melodies (e.g. Jingle Bells) at a natural tempo (Task 4) and at a 
fixed slow tempo (Task 5). Each performance was analyzed with an acoustically-based method yielding 
objective measures of pitch and time accuracy such as the number of pitch and time errors. In all tasks, 
A.Z exhibited impaired pitch accuracy (e.g. a larger number of pitch errors) as compared to controls. 
However, A.Z. performances were not impaired with regard to the time dimension. A.Z.’s perceptual 
abilities were within normal range, as shown by the Montreal Battery of the Evaluation of Amusia. In 
addition, A.Z. performed as well as controls when asked to read sentences as statements or questions. 
These findings confirm that tone-deafness can occur in a purely vocal form. That pitch production was 
selectively impaired in a musical context suggests that pitch production in music may be supported by 
mechanisms enjoying domain specificity.  
 
 
9.2: (11:00 – 11:20)  
A new pitch circularity 
Diana Deutsch, Kevin Dooley & Trevor Henthorn (University of California, San Diego)  
 
ddeutsch@ucsd.edu 
 
Pitch circularities have profound implications for both auditory theory and music composition. Such 
circularities have in the past been produced with the use of tones whose components stand in octave 
relation (Risset, 1969; Shepard, 1964). The present paper describes a new algorithm for producing such 
pitch circularities with the use of full harmonic series, and reports findings from circular scales based on 
this algorithm. Two such circular scales were produced, which traversed the pitch class circle in semitone 
steps. For the first scale, the highest fundamental frequency was 831 Hz (corresponding to G#

5) and the 
lowest was 440 Hz (corresponding to A4). For the second scale the highest fundamental frequency was 
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698 Hz (corresponding to F5) and the lowest was 370 Hz (corresponding to F#
4). All tones consisted of 

harmonics 1-6. As each scale descended in semitone steps, the amplitudes of the odd-numbered 
harmonics were reduced relative to those of the even-numbered harmonics, so that at the lowest 
fundamental frequency, the odd-numbered harmonics were 38.5 dB lower than the even-numbered ones. 
As a result of this amplitude disparity, the tone with the lowest fundamental frequency was heard as 
though displaced up an octave, so that it appeared to be a semitone higher than the tone with the highest 
fundamental frequency. So when the scales were traversed in semitone steps, impressions of infinitely 
ascending or descending scales were obtained.  
 
A study was performed to document the circular nature of these scales. For each scale, all possible 
ordered pairs of tones were presented, making 132 ordered pairs altogether. The tones were 500 ms in 
duration, and were presented to listeners via headphones at a level of roughly 70 dB SPL. Sixteen 
subjects listened to these tone pairs, and they judged for each pair whether the second tone was higher or 
lower than the first. The data resulting from these pair-wise comparisons were subjected to Kruskal’s non-
metric multidimensional scaling (MDS). For both scales, taking the data combined from all the subjects, 
two-dimensional plots produced approximately circular configurations. Stress1 values for the two scales 
were .01134 and .01114 respectively. Individual differences in the degree of circularity were also obtained, 
and the bases of these differences are explored. Implications of these scales for musical composition are 
also discussed.  
 
 
9.3: (11:20 – 11:40)  
Relating judgments of dissonance to sensory consonance in the context of North Indian classical 
music 
Parag Chordia (Georgia Institute of Technology)                                                             
 
ppc@gatech.edu 
 
131 survey respondents judged the subjective dissonance of tones sung with a drone by an experienced 
North Indian classical music (NICM) vocalist. A weak, but significant, correlation (.10, p < .00) was found 
between subjective dissonance judgments and sensory dissonance. Sensory dissonance was calculated 
using the Kameoka and Kuriyagawa algorithm (1969). As expected, subjective dissonance was highest for 
the raised fourth, flat second, major seventh, and flat third scale degrees, and lowest for the tonic and fifth. 
 
Motivation:  Dissonance plays a central role in music theory, yet there have been few empirical 
evaluations of subjective dissonance judgments (Huron 2003). This is  true for complex sound stimuli, and 
especially for stimuli derived from non-Western music. Jairazbhoy (1971) hypothesized that musical 
tension in NICM is due to both sensory dissonance and melodic expectancy, but empirical support is 
lacking. This study is the first step towards building a more robust theory of musical tension in NICM. 
 
Method:  An internet-based survey was conducted using examples of a NICM vocalist singing each note 
of the chromatic scale with tanpura accompaniment. Subjects rated the dissonance of each note using a 
vertical slider ranging from 0 to 100. Subjects were recruited via email from usenet groups devoted to 
Indian music, and from the Georgia Tech music department. 
 
Results: Dissonance responses were calculated for each tone as well as sensory dissonance scores. A 
one-way ANOVA test rejected the null hypothesis that tone type had no effect on subjective dissonance 
scores (p < .00). A multiple comparison test was used to determined what other values were significantly 
different for each tone. A one-way ANOVA test rejected the null hypothesis (p < .00) that tone type had no 
effect on the sensory dissonance score. The correlation coefficient of the subjective dissonance 
judgments and sensory dissonance scores was .10 (p < .00), indicating a weak but significant correlation. 
There was good correlation between scale degrees from the tonic to sharp fourth and sensory 
dissonance scores, but poor correlation for the fifth through major seventh scale degrees with the 
corresponding sensory dissonance scores. 
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Discussion: Significant departures of the subjective dissonance rating from the sensory dissonance score 
suggest that sensory consonance is not the only attribute of dissonance, even in examples presented 
with limited musical context. This suggests that dissonance is a multidimensional attribute. Possible 
confounds in this survey include pitch height, intonational precision, and tanpura consistency across 
tones. Future work will use a greater variety of tones, including instruments, and different tanpura 
recordings. It will also examine whether dissonance judgments differ between experienced and 
inexperienced NICM listeners. 
 
 
9.4: (11:40 – 12:00)  
Bass pedal points and schema-based segregation: A study of 43 common-practice excerpts  
Ben Duane (University of Minnesota)                                                                          
 
duan0029@umn.edu 
 
Despite other relevant disagreements, music theorists generally concur that, in common practice music, 
bass pedal points add a parallel, conflicting harmonic strand to their upper voices. This study takes a first 
step in determining whether and how listeners perceive these two strands simultaneously.  
 
The theory of auditory stream segregation (see Bregman 1990) is useful in explaining this perceptual split. 
The author conjectures that bass-pedal excerpts induce a special kind of segregation, one that bifurcates 
the bass and upper voices. Since the nature of bass pedals suggests that their segregation is “schema-
based” rather than “primitive”—a distinction formulated by Bregman (1990)—speculations about what 
types of schemas contribute to segregation are also presented.  
 
One such type includes the schemas that encode spectral patterns created by the pure-tone components 
of multiple, simultaneous complex tones. The author hypothesizes that the upper voices of bass-pedal 
excerpts tend to activate such schemas more than all voices together and that this discrepancy 
contributes to segregation. To test this hypothesis, Parncutt’s (1989) computer model was employed. One 
value the model outputs is “complex tonalness” (Tc). Tc

 
estimates the likelihood that a musical simultaneity 

will evoke a complex-tone sensation, and it is assumed here that its value reflects the extent to which the 
simultaneity activates spectral-pattern schemas.  
 
For this study, 360 simultaneities were taken from 40 common-practice excerpts with bass pedals. The 
simultaneities were categorized as to whether the chords formed by their upper voices were the same as 
those implied by their pedal notes. After minor adjustments to Parncutt’s algorithm, Tc

 
was calculated for 

each simultaneity, both with the pedal note [Tc (s)] and without the pedal note [Tc (s� )]. (Additionally, all 40 
excerpts were re-composed such that their bass lines fully matched their upper-voice progressions, and Tc

 was calculated for each of these 360 new simultaneities; for reasons explained, the author must use these 
values to verify his conclusions.)  
 
Analysis of the data suggests, with high statistical significance, that when a pedal and its upper voices 
agree harmonically, Tc (s) is usually higher than Tc (s� ) but that when they disagree, Tc (s) is usually lower 
than Tc (s� ). This motivates the theory that to segregate a pedal from its upper voices, we use spectral-
pattern schemas in two stages: (1) we notice that a large percentage of the simultaneities in an excerpt 
match these schemas better when the pedal point is segregated; (2) we decide that if the pedal should be 
segregated during some simultaneities, it should be segregated during all of them.  
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Wednesday August 1 Morning 
 
10:40 – 12:00 Session 10: Meter            H 415 
  Moderator: Justin London (Carleton College, MN, USA) 
   
10.1: (10:40 – 11:00)  
The role of accent salience and joint accent structure in meter perception  
Robert J. Ellis (Ohio State University) & Mari Riess Jones (Ohio State University, UC at Santa Barbara)            
 
ellis.306@osu.edu 
 
We consider the contributions of accent type (melodic, temporal), accent salience, and accent pattern to 
meter perception. Four experiments tested three hypotheses. A Temporal Accent Dominance Hypothesis 
(null hypothesis) stated that temporal but not melodic accents provided cues to meter. An Accent Salience 
Hypothesis stated that the salience of an accent is proportional to its magnitude of serial change. Finally, a 
Joint Accent Structure (JAS) Hypothesis stated that metrical clarity should be greater when melodic and 
temporal accent patterns (duple, triple) are the same (congruent JAS) than when they are different 
(incongruent JAS). 
 
In Experiments 1–2, we varied the magnitude of serial changes in pitch or time (creating melodic and 
temporal accents, respectively) marking two different metrical patterns (duple or triple) in 13-tone 
sequences. Listeners were asked to provide ratings of metrical clarity. Experiment 3 assessed the 
salience of individual tones within the sequences used in Experiment 2. Results of Experiments 1–3 
indicated that metrical clarity increased with the magnitude of both melodic and temporal accents. 
Experiment 4 combined melodic and temporal accent patterns within the same sequences to test different 
hypotheses about the influence of JAS on meter perception. We manipulated JAS using melodic and 
temporal accents that had been calibrated for salience in Experiments 1–3. We found that metrical clarity 
was higher when melodic and temporal accent patterns were congruent than when they were incongruent. 
This finding favors the JAS Hypothesis over the Temporal Accent Dominance Hypothesis. Issues 
concerning accent salience across different accent types and the independence of pitch and time relations 
in serial patterns are discussed. We also consider related implications for neural encoding of melodic and 
rhythmic relations. 
 
 
10.2: (11:00 – 11:20)  
Tracking a beat within a metrical grid 
Bruno H. Repp (Haskins Laboratories, New Haven, CT), John R. Iversen & Aniruddh D. Patel (The 
Neurosciences Institute, CA, USA) 
 
repp@haskins.yale.edu 
 
Musical rhythms typically favor a particular beat that is marked by frequent tone onsets and grouping 
accents (Povel & Essens, 1985). Is it easier to synchronize movement with such an implied beat than with 
an induced beat occurring at a different phase that makes the rhythm sound more syncopated? In 
Experiment 1, we asked musically trained participants to tap in phase with beats induced in monotone 
rhythmic sequences similar to those of Povel and Essens. The induced beat sometimes was in phase with 
the implied beat (which was always marked by tone onsets), but more often it was not. It was marked by 
additional low tones during the first half of each sequence, but during the second half participants had to 
sustain it mentally. Surprisingly, synchronization with the induced beat was no less accurate when induced 
and implied beats were out of phase as when they were in phase, even when the induced beat was purely 
mental. In Experiment 2 we tried to confirm the psychological reality of the implied beat by requesting 
participants to listen to each sequence (without low tones) and tap along as soon as they had found their 
preferred beat. The results showed a clear preference for the implied beat, but again tapping variability 
was no lower for the implied beat than for other beat choices. In Experiment 3, we investigated whether an 
induced phase-shifted beat can support offbeat tapping. Using a subset of the materials of Experiment 1, 
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we asked participants to tap in different phases relative to an induced beat that was either in phase with 
the implied beat (Condition IP) or was in anti-phase with it (Condition AP). Tapping in anti-phase with the 
induced beat was more accurate than tapping in phase with the induced beat in Condition IP, but the 
opposite was true in Condition AP. We conclude that rhythms of the Povel-Essens type establish a 
metrical grid or basic pulse hierarchy that is sufficient to support precise on-beat synchronization in all 
beat phases (by musically trained participants). However, the implied beat of a rhythm does offer stronger 
support for off-beat tapping tasks. Unlike on-beat tapping, off-beat tapping seems to depend more on the 
beat itself as a temporal reference than on the surrounding metrical grid. 
 
 
10.3: (11:20 – 11:40)  
Complexity judgments as a measure of event salience: Is there indeed a difference between 
musicians and non-musicians? 
Olivia Ladinig & Henkjan Honing (Universiteit van Amsterdam)                                
 
oladinig@science.uva.nl 
 
Background:  The perception and appreciation of meter (two or more hierarchically related levels of pulse) 
versus simply perceiving a beat (one level of pulse) is often attributed to skill differences between 
musicians and  non-musicians (Palmer & Krumhansl, 1990; Jongsma, Desain, & Honing, 2004), the 
former being explicitly trained to recognize more complex metrical relationships. We suggest that these 
differences are merely a result of the nature of the tasks and the type of auditory stimuli used, steering 
musicians and non-musicians apart (Honing & Ladinig, 2006). It could be that the probe-tone method 
applied in the temporal domain is confounded with the actual placement of an event in the bar; events at 
the end of a bar require more effort, to the point of counting along, which is a typical musicians task, and 
this might explain the observed differences. 
 
Aim:  We will investigate event salience through studying syncopated rhythms, as an indirect measure to 
probe listeners’ metric expectation (a syncopation being a violation of that metric expectation). Maintaining 
rhythmical frames and leaving out single tones provides an ecologically valid setup, allowing testing of 
mental constructs independent of actual auditory stimulation. We use a model of syncopation by Longuet-
Higgins and Lee (1984) (L-model for short), which has never been theoretically challenged or empirically 
validated; and apply listeners’ judgments of complexity to improve the underlying event salience profile of 
the L-Model. 
 
Method:  Listeners’ judgments of rhythmic complexity are collected, using a rating task within a web-based 
setup. In order to derive values for every position in a grid, stimuli are constructed by systematically 
leaving out single events in rhythmic patterns. The stimuli are clustered in groups of maximal four rhythms, 
allowing participants to make direct comparisons. In addition, information about musical background is 
collected.  
 
Results:  Preliminary results suggest that event salience is modulated by meter (in line with earlier 
research). Complexity judgments seem to be more related to the beat (main pulse or tactus) than to the 
subdivisions in the different meters, contrary to what is suggested by the original L-model. 
 
Honing, H. & Ladinig, O. (2006). The effect of exposure and expertise on timing judgments: Preliminary results. In Proceedings of  

the ICMPC9 (p. 80-85). Bologna: Italy. 
Jongsma, M. L. A., Desain, P. & Honing, H. (2004). Rhythmic context influences the auditory evoked potentials of musicians and  

nonmusicians. Biological Psychology, 66, 129-152. 
Longuet-Higgins, H. C. & Lee, C. S. (1984). The rhythmic interpretation of monophonic music. Music Perception, 1(4), 424-441. 
Palmer, C. & Krumhansl, C. (1990). Mental representations for musical meter. JEP:HPP, 16(4), 728-741. 
 
 
10.4: (11:40 – 12:00)  
Polymetric potential and realization: An interdisciplinary approach to polymeter 
Ève Poudrier (City University of New York)                                                               
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eve_poudrier@yahoo.ca 
 
The twentieth century has seen a renewed interest in complex rhythmic textures. In particular, the layering 
of rhythmic strands based on polymeter, i.e., two or more concurrent metric frameworks, has emerged as 
an organizational strategy of choice in the practice of composers such as Igor Stravinsky, Elliott Carter, 
and György Ligeti. In contrast, Justin London (Hearing in Time: Psychological Aspects of Musical Meter, 
2004: 50) states that from a psychological perspective “there is no such thing as polymeter” (i.e., the 
implicit or explicit use of two or more concurrent metric frameworks). London cites various pulse-finding 
experiments as supporting evidence, but dismisses tapping responses that integrate two or more meters 
as “composite patterns.”  
 
For the music analyst interested in constructing interpretations that are sensitive to composers’ aesthetic 
goals and compositional techniques as well as to listeners’ percepts, such a situation is uncomfortable, to 
say the least. Given that the most complex textures used in pulse-finding experiments consist of 
superimposed pulse trains (e.g., 4:5 and 3:4:5; Handel & Lawson 1983), as opposed to competing 
rhythmic strands (such as those present in twentieth-century works that use polymeter as a structural 
device), and given that these experiments usually record a single stream of data, it is also empirically 
untenable.  
 
This paper proposes an innovative approach that attempts to bridge this conceptual gap. Using a passage 
from Carter’s 90+ for piano (1994) that is built on competing metric structures, I designed an experiment 
that called upon thirty musically trained subjects to perform multiple analyses of the underlying pulse. The 
preliminary results, which rely on the analysis of qualitative and quantitative data, show that from the 
listener’s perspective not only polymetric potential can be realized, but that there exists a richly variegated 
range of interpretations which correlate in various ways with the musical training and experience of 
participants (and the metric schemas they give rise to), and the particular mode of attending used (as 
represented by pulse-finding and tapping strategies). The profiling of subjects' responses identifies several 
types of responses along a continuum from mostly reactive to strongly proactive. Furthermore, the design 
of the stimuli used in the experiment offers specific information on how various musical elements (timbre, 
attack velocity, pitch, register, and articulations) can be manipulated by the composer and/or the 
performer in order to enhance the listener’s metric experience.  
 
 
 

Wednesday August 1 Afternoon 
 
1:10 – 2:30 Session 11: Timbre I            H 435 
  Moderator: Psyche Loui (CNMAT, UC Berkeley) 
 
11.1: (1:10 – 1:30) 
Spectral and temporal contributions to timbre identification  
Michael D. Hall (James Madison University), James W. Beauchamp (University of Illinois at Urbana-
Champaign), Colleen Storey & Sarah Sushner (James Madison University) 
 
hallmd@jmu.edu 
 
Critical aspects of instrument timbre have been derived primarily from studies of discrimination 
performance and multi-dimensional scaling (MDS) analyses of dissimilarity ratings for pairs of timbres. 
Classic MDS studies using (FM) synthesized and re-synthesized tones (e.g., Grey, 1977; Krumhansl, 
1989; McAdams, Winsberg, Donnadieu, De Soete, & Krimphoff, 1995) have identified relatively static, 
spectral cues to timbre (presence of energy in the higher harmonics, which is associated with the spectral 
centroid), as well as dynamic, temporal cues (rise time, relative synchrony in the onsets of harmonics, and 
spectral flux). The importance of attack and spectral characteristics has been confirmed when listeners 
detect differences between original tones and re-synthesized versions that reflect modification of an 
attribute (Grey and Moorer, 1977). Discrimination performance also has revealed several spectro-temporal 
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properties of timbre, including the relative smoothness of spectral envelopes and coherence of amplitude 
envelopes (McAdams, Beauchamp, & Meneguzzi, 1999). Comparatively few studies have evaluated the 
effects of acoustic attributes on timbre identification, despite the fact that source recognition constitutes 
the listener’s typical goal. It has been suggested that such examinations could reveal aspects of timbre 
that, while easily discriminated, do not readily contribute to identification (McAdams, 1993). Existing timbre 
identification studies have generally determined the contribution of attack transients and steady-states by 
excising them through splicing (e.g., Saldanha & Corso, 1964) or electrical gating (e.g., Clark, Luce, 
Abrams, Schlossberg, & Rome, 1963), and have produced confusion matrices based upon attributes of 
various instrument tones. Advantages and limitations of each method will be provided, along with a review 
of general findings. Then results will be reported for a new study that directly compares discrimination and 
identification performance for a set of re-synthesized tones. These tones represent orthogonal 
combinations across a range of spectral envelopes (including spectral centroid) and temporal envelopes 
(including rise times) to permit an assessment of the relative salience of these cues to instrument 
identification. Preliminary results reveal a reliance on spectral cues, which were more readily discriminated 
than temporal cues, and thus, contributed more to identification performance. Temporal cues only 
impacted discrimination or identification performance at extreme values (e.g., a very short or long rise 
time), raising the possibility of a perceptual anchor effect. Implications will be discussed, including whether 
identification is predicted primarily by psychophysical principles or learned combinations of attributes. 
Likely alternatives to common attributes of timbre (such as rise times and spectral centroids) also will be 
considered. 
 
 
11.2: (1:30 – 1:50)  
Perceptual evaluation of vibrato features: The case of saxophone sounds  
Catherine Guastavino & Vincent Verfaille (McGill University) 
 
catherine.guastavino@mcgill.ca 
 
Rationale:  Vibrato is a perceptual attribute defined as a vibrating quality related to modulations of pitch, 
intensity or spectrum which alone or in combination enrich timbre. Vibrato signal processing models are 
traditionally based on instrument-specific features and simplify the vibrato to some of its features, namely 
frequency modulation — predominant in voice (Sundberg, 1987) and bowed strings (Mathews & Kohut, 
1973)—and amplitude modulation—predominant in wind instruments. However, wind and brass 
instruments exhibit more complex vibrato behavior combining synchronized frequency and amplitude 
modulations with spectral envelope modulations (SEM). We proposed a vibrato model with explicit SEM to 
account for the diversity of vibrato behaviors and conducted an exploratory listening test to validate the 
perceptual impact of SEM on sound quality (Verfaille et al., 2005). In the present study, we investigate 
more specifically how each type of modulation (amplitude, frequency and spectral envelope) contributes to 
the perceived naturalness of saxophone sounds with vibrato. 
 
Methods and findings: Signal processing model: Our model combines the two-level sinusoidal model 
(Marchand & Raspaud, 2004) – implicitly integrating SEM by representing harmonics’ amplitudes and 
frequencies as sums of sinusoids – with the panned-wavetable synthesis technique (Maher & 
Beauchamp, 1990) explicitly representing SEM. 
Stimuli:  Five saxophones notes were selected, ranging from B3 to C5. For each note, 4 vibrato sounds 
were generated, namely amplitude modulation only; frequency modulation only; modeled amplitude/ 
frequency and thus SEM (using cross-synthesis); original amplitude/frequency/SEM. Different versions of 
each note were subjectively matched for loudness by 3 expert listeners in a pre-test, and then presented 
pairwise in the AB comparison test. 
Comparison test:  8 experts and 6 non-experts participated in the AB comparison test. In each trial, they 
chose which of two sounds sounded the most natural. Each sound pair was presented twice in counter-
balanced order. A binomial test was conducted for experts and non-experts. Experts selected sounds with 
frequency modulations significantly less than sounds with amplitude modulation (p = 0.001) or modeled 
amplitude/frequency/SEM (p = 0.002). They also selected sounds with original amplitude/frequency/SEM 
significantly more than sounds with amplitude modulation (p < 0.0001), frequency modulation (p = 0.005) 
and modeled amplitude/frequency/SEM (p = 0.001). Non-experts, on the other hand, selected sounds with 
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original amplitude/frequency/SEM significantly less than sounds with amplitude modulation (p < 0.025), 
frequency modulation (p = 0.001) and modeled amplitude/frequency/SEM (p = 0.001). 
 
Maher, R. C. & Beauchamp, J. (1990). An investigation of vocal vibrato for synthesis. Applied Acoustics, 30, 219-245. 
Marchand, S. & Raspaud, M. (2004). Enhanced time-stretching using order-2 sinusoidal modeling. Proceedings of the Int. Conf. on  

Digital Audio Effects (DAFx-04), p. 76-82. Naples: Italy. 
Mathews, M. & Kohut, J. (1973). Electronic simulation of violin resonances. J. Acoust. Soc. Am., 53(6), 1620-26. 
Sundberg, J. (1987). The Science of the Singing Voice. Dekalb, IL: Northern Illinois University Press. 
Verfaille, V., Guastavino, C. & Depalle, P. (2005). Perceptual evaluation of vibrato models. In: Colloquium on Interdisciplinary 
Musicology (CIM’05), Montreal: Canada. 
 
11.3: (1:50 – 2:10)  
Effects of timbre on the experience of interval size and direction 
Frank A. Russo (Ryerson University) & William Forde Thompson (Macquarie University) 
 
russo@ryerson.ca 
 
Although the size of a melodic interval is by definition the extent of pitch change (e.g., in semitones), its 
perceived size is influenced by several variables that are not obviously related to pitch. Using a limited 
range of intervals (six and seven semitones), Russo & Thompson (2005) found that congruent changes in 
timbre (e.g., dull to bright for an ascending interval) led to expansion of perceived interval size, while 
incongruent changes in timbre (e.g., bright to dull for an ascending interval) led to contraction. The 
observed effects of timbre are not explainable by distortions at the level of individual pitch and thus appear 
to be operative at the level of pitch relations. In the current study, the influence of timbre on the experience 
of pitch relations was tested across a wider range of intervals (one to seven semitones). We assessed the 
influence of timbre on perceived interval size (as in Russo & Thompson, 2005), as well as the perceived 
direction of intervallic motion. In Experiment 1, participants were asked to make interval size judgments for 
melodic intervals with varying levels of congruent change in timbre. The relative influence of timbre was 
directly related to the extent of timbre change but the influence was found to decrease with increasing 
veridical size. In Experiment 2, size and direction judgments were made concurrently using a combined 
size and direction scale. 
 
The perceived size of intervals was larger when timbre changes were congruent with the change in pitch 
than when they were incongruent with the change in pitch. For small intervals with a large incongruent 
change in timbre, listeners frequently perceived an illusory reversal of pitch direction. We argue that the 
experience of interval size and direction arises from a combination of pitch and extra-pitch cues. 
 
 
11.4:  (2:10 – 2:30)  
Interactions of timbre with consonance, dissonance, and roughness in multitimbral triads  
Roger A. Kendall (UCLA) & Pantelis N. Vassilakis (DePaul University) 
  
kendall@ucla.edu 
 
Introduction:  In a previous study done at UCLA (2005) it was hypothesized that time-variant spectral 
properties of natural instrument signals, and the consequent timbres, would map differentially into subject 
ratings of consonance and dissonance. The literature is replete with examples of rankings of intervals 
across the chromatic series, differing in methodological approach. Krumhansl in Cognitive Foundations of 
Musical Pitch (1990) thoroughly reviews and analyzes relations between probe-tone based pitch 
hierarchies and studies using presumed spectral properties. What has been left out of these various 
approaches is the use of natural instruments in orchestration. In the dyad study, simultaneous intervals (all 
intervals from m2 – M9) based on C4 produced by combining digitally individual tones from the MUMS 
instrument recordings (1.5 s with 100 ms artificial ramp attacks, equalized for loudness) were orchestrated 
in 25 timbral combinations. These were rated by subjects on a 100-point scale of consonance and 
dissonance. A mixed-designed repeated-measures ANOVA revealed that the ordering of intervals was 
closely correlated with the literature. However statistical significance of a timbre effect, and startlingly, 
between specific subsets of consonance ordering, was not found. A recent experiment using multitimbral 
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triads consisting of performed, newly recorded signals of flute, oboe and clarinet was designed to further 
explore the interaction of consonance and dissonance. A set of triads based on C4 for major, minor, 
augmented, and diminished structures yielded ten possible combinations. These were orchestrated in all 
possible orchestrations of the three instruments. Subjects at UCLA (music majors) and DePaul (non-
majors) rated the roughness of these triads. Results were compared to an acoustical analysis based on a 
new roughness model and to the perceptual data from an experiment using the same triads, but digitally 
mixed tones from the MUMS set. ANOVA results indicated no significant differences for timbre, and again 
very broad differences in consonance and dissonance approaching bi-polar categorization rather than 
precise ordering. A new approach using training of subjects in the perception of roughness resulted in 
good correlations with the acoustical model in contrast to the previous approach. 
 
Method:  The present experiment is designed to converge on hypotheses of spectral centroid and 
roughness correlation to timbral influences on consonance and dissonance as well as perceived 
roughness. It is hypothesized that separate groups of subjects for each triad quality (minor, major, 
diminished, and augmented) can better provide information on the interaction of timbre and 
consonance/dissonance. Separate groups are assigned to each of four root-based (C4) triads: Major, 
minor, augmented, diminished. These are orchestrated in all possible combinations of flute, oboe, and 
clarinet as naturally performed (ca. 1.5 s each). Subjects are asked to rate randomly presented triads on a 
scale of consonance and dissonance. Another group of subjects rates on a scale of roughness. 
 
Results:  Perceptual data are correlated to the new roughness model and also to calculations of long-time-
average-centroid (LTAC). These data are then compared to the previous series of experiments. 
 
 
 

Wednesday August 1 Afternoon 
      
1:10 – 2:30 Session 12: Musical structure          H 415 
  Moderator:  David Huron (Ohio State University) 
 
12.1: (1:10 – 1:30)  
Music similarity perception in Western popular music 
Alberto Novello & Martin.McKinney (Philips Research Laboratories, the Netherlands) 
 
alberto.novello@philips.com 
 
We developed and applied a method to evaluate the perceptual similarity between excerpts of Western 
popular music, drawn from a large collection and covering a range of musical styles. The long term 
objective of this research is to develop a model of perceptual similarity, based on characteristics that can 
be extracted from musical audio signals, in order to guide systems for automatic music information 
retrieval.  
 
The experiment consisted of a series of triadic comparisons in which subjects ranked the relative similarity 
between music excerpts. The overall experimental design was a balanced incomplete block design 
(BIBD), which was chosen in order to optimize the trade-off between information-gained and experiment-
brevity. 
 
The sound excerpts were selected from a database of Western popular music and included styles from 13 
different genres, with two general tempo ranges (slow and fast) for each genre. Our working hypothesis 
was that genre and tempo are factors in the perception of similarity between two musical excerpts. We 
collected similarity rankings and measures of excerpt-familiarity from 38 subjects, half of whom were 
musicians. 
 
Results showed evidence of general consistency in similarity rankings across subjects. We found no 
significant difference between the different populations of subjects (based on musicianship or familiarity); 
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however, musicians tended to show higher concordance across similarity rankings than non-musicians. 
Those subjects familiar with the excerpts tended to show less concordance across similarity rankings than 
those unfamiliar with the music, although the trend was not significant. Multi-dimensional scaling (MDS) on 
the similarity rankings revealed a reasonable fit to the data using three dimensions. While the 
interpretation of the dimensions is still unclear, it appears that genre is well represented by clustering of 
excerpts in the MDS space. While perhaps not surprising, it provides support for the method and 
representation of a topology of perceptual similarity. We are currently conducting a larger-scale 
experiment using a similar method but including the general influence of timbre as a factor as well. Results 
of both experiments will be presented. This is work is performed as part of a Marie Curie Early Stage 
Training grant (MEST-CT-2004-8201). 
 
12.2: (1:30 – 1:50)  
The psychological ontology of the musical score  
Eugene Narmour (University of Pennsylvania)                                                     
 
enarmour@sas.upenn.edu  
 
Most scholars recognize that a score, which is a visual object, is not equivalent to a sounding musical 
work. If we admit that score is resistant to any kind of Aristotelian definition, we still must deal with the 
object’s ontological status. What exactly are a score’s ontic values, its theoretically bound variables from a 
psychological point of view? Some have said that it represents intended compositional effects (Schenker) 
and accurately symbolizes a work, whereas others have insisted that it is just a set of instructions—a 
skeleton, blueprint, or recipe. Improvisers have reduced it further, claiming it’s just a tool. In the humanities 
the dominant view is semiotic: a score is nothing more (or less) than a text. 
 
This paper attends to the problems of these views by theorizing that, no matter how specific, a score’s 
notation basically symbolizes a complex compositional modeling. As both performers and listeners 
cognitively convert a visual score into an experienced auditory work, the realized compositional modeling 
is combined with the implied productive and perceptual modeling in the brain. (The word “modeling,” as 
opposed to the generalized use of “model” in the sciences, is meant to signify music’s continuously 
changing, temporal uniqueness.) 
 
As I will show, these unique triarchical modelings among composer, performer, and listener typify six basic 
modes of realization: formalism, proformalism, contraformalism, deformalism, transformalism, and 
reformalism. These variable modelings display both structural and emotional properties. In the context of 
syntax, stylistic structure is parametric, functional (closural and nonclosural), and formal. In the context of 
idiostructures, emotion entails patterns of moods, affects, sentiments, and passions. 
 
Cultural and social constructs are appliquéd on top of these idio- and stylistic structures through sound 
terms (Meyer), learned references (denotation, connotation), genres, narratives, programs, quotations, 
borrowings, conventions, traditions, historically informed performance practices, biographies, and history. 
Thus, for composers, performers, and listeners to turn a scored modeling into a realized work a vast array 
of perceptual, cognitive, and learned processing is required. 
 
 
12.3: (1:50 – 2:10)  
Mozart’s materials: An empirical approach to the theory of formal functions  
Daphne Tan, Michel Vallières, William E. Caplin & Stephen McAdams (McGill University) 
 
daphne.tan@mail.mcgill.ca 
 
Music theorists have proposed that in the stylistically conventionalized music of the High Classical period 
(c.1775–1790), an isolated passage may convey a particular temporal location even when taken out of its 
original context (Caplin 1998, Kramer 1988). With this theoretical concept as its starting point, the current 
interdisciplinary study examines the role of musical materials in the perception of “formal functions.” 
Broadly defined, a musical passage’s formal function is its specific temporal role—generally beginning, 
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middle, or end—within the work’s formal organization. Several scholars in the field of music perception 
and cognition have studied the interaction between musical materials and temporal location (see, for 
example, Bigand and Tillmann 1996, 2001, 2004; Krumhansl 1996; Lalitte et al., 2004). None, however, 
have conducted a systematic investigation of the intrinsic musical characteristics that contribute to form-
functional expression. This study poses two questions: (1) Can short (typically two-bar) intra-thematic 
musical units convey their formal functions when removed from their contextual location? (2) What are the 
musical parameters that contribute to this form-functional impression? We address these questions 
respectively in the first and second part of a two-part experiment. 
 
In Part 1, two groups of participants (20 musicians, 20 non-musicians) heard short excerpts (average 3.9 
seconds) of Mozart piano sonatas composed between 1775–78. Their primary task was to identify the 
excerpts as a beginning, middle, or end of a theme. Listeners performed above chance in this task, and 
musicians had a higher level of concordance than non-musicians. By comparing the resulting statistical 
data with the musical excerpts, the authors were able to make hypotheses concerning the musical 
parameters (harmony, melodic contour, texture, and others) that were most influential in conveying form 
functionality within and between subject groups. 
 
In Part 2 of this study, we have modified the original excerpts in multiple stages, from altering one 
parameter to completely changing the formal function. Participants (multiple groups, each containing 
exclusively musicians or non-musicians) are presented with these modified excerpts and identify the 
formal function of each as their principal task. In so doing, we test the hypotheses proposed in response to 
Part 1. This experiment will provide a deeper understanding of how formal functions are expressed 
through musical materials and, consequently, are perceived by musicians and non-musicians alike. 
 
 
12.4: (2:10 – 2:30)  
Extracting information from musical scores  
Richard Ashley (Northwestern University)                                                           
 
r-ashley@northwestern.edu 
  
One common musical activity in Western culture is reading printed scores of musical compositions. Most 
often the goal of reading the score is to be able to perform the piece, but a score can also be used to learn 
about the composition in the absence of an intent to perform. This study seeks to add to our relatively 
meager empirical knowledge of the ways in which musicians go about extracting information about pieces 
of music from scores. This study is most similar to those of Aiello (2006, 1994) but is primarily interested in 
the time-course of building a mental construct of a musical composition from score rather than in using the 
score as a data-collection device for understanding music listening. 
 
The study uses two compositions for stimuli: the first movement of Mozart's Piano Sonata K, 282 in E-flat 
major, and Scriabin's Piano Prelude Op. 11, #4. Several experimental conditions are being used. In the 
first, participants are presented with the score and give a think-aloud verbal protocol while analyzing it; 
they do not hear the piece. In the second condition, participants hear the piece while examining and 
marking the score, and then give a protocol afterwards. In the third condition, participants hear the piece 
before examining and marking the score, and then give a protocol during the analysis phase. In the fourth 
condition participants hear the music and follow the score while an eye-tracker records their eye 
movements, to see what aspects of the music show signs of being more significantly processed and in 
what order.  
 
Collection and analysis of the data are underway. As might be expected, there are many similarities 
between the conditions. However, it is also clear that the different conditions do cause different kinds of 
processing to take place. In particular, there are differences between left-to-right "linear" approaches to 
the music, and more "networked" or associational approaches. These appear in part to be the result of 
differences between different participants' strategies for accomplishing the task, but also to whether the 
piece has been experienced first in aural form. A significant amount of information appears to be gleaned 
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from even a single listening, which results in a less-linear approach to examining the score. Further data 
from the eye-tracking condition will help to specify better the time course of the analytic process. 
 
 

Wednesday August 1 Afternoon 
 
2:50 – 5:10 Session 13 (Symposium): Probabilistic models and 
  music cognition             H 435 

Organizers: David Temperley (Eastman School of Music) & Panayotis Mavromatis 
(New York University)  

 
Summary:  Probabilistic modeling has recently become an area of great activity in cognitive science, 
impacting domains such as language processing (parsing and speech recognition), vision, and concept 
learning. While the application of probabilistic techniques to musical problems is relatively recent, the last 
few years have seen a number of interesting efforts in this area. In this symposium, we bring together six 
papers by researchers in Europe and the United States, reflecting the wide range of problems in music 
computation to which probabilistic techniques can be applied. These computational models point to many 
possibilities for modeling aspects of music cognition such as perception, performance, and learning.  
 
Three papers focus on extracting hidden or implicit structure from music data. Raphael and Teodoru use a 
probabilistic model to express relations between musical variables such as key, pitch spelling, and rhythm. 
They propose that individual voices in a polyphonic texture can be treated as conditionally independent 
given a hidden sequence of latent variables, and show how this approach could be used to infer key and 
pitch spelling from MIDI data. Mavromatis proposes a framework for extracting musical grammars from a 
corpus of examples in an unsupervised fashion by combining Hidden Markov Models with the principle of 
Minimum Description Length. This approach is then applied to learning the metrical placement of notes in 
Palestrina melodies. Finally, Bod addresses the issue of phrase structure. He shows that a fully 
unsupervised system, using the approach of Stochastic Tree-Substitution Grammars, can infer phrase 
boundaries from European folk songs with high levels of accuracy. Of particular interest is the fact that the 
system performs better when phrases containing non-contiguous notes are allowed, and when 
hierarchical (multi-level) phrase structures are allowed. 
 
Three other papers in the session explore applications of probabilistic modeling techniques more directly 
related to cognitive phenomena. Honing considers the problem of model selection in music cognition, 
exploiting the ability of the Bayesian approach to negotiate among different model qualities. In particular, 
he argues that a model should be judged not only on its fit to the data but also on its ability to predict 
surprising events. Honing applies his approach to the problem of modeling rhythmic production data. 
Timmers, Brandmeyer, and Desain present a probabilistic system that can be used for teaching idiomatic 
rhythmic performance. A system is probabilistically trained on expert and student performances in different 
styles. A new performance can then be categorized stylistically and can also be evaluated with regard to 
its level of expertise; students receive visual feedback indicating the success and style of their 
performance. Finally, Temperley explores musical applications of the principle of Uniform Information 
Density, recently proposed in language research. Temperley shows that this principle leads to several 
successful predictions about musical structure—for example, that more common scale-degrees tend to be 
approached by larger intervals and that notes approached by larger intervals tend to be longer. 
  
A number of common themes emerge from the session’s individual projects, including: (i) fitting models to 
data and evaluating competing models (Honing, Mavromatis); (ii) inferring latent variables 
(Raphael/Teodoru, Mavromatis); (iii) exploring interesting relations and parallels between music and 
language (Bod, Temperley); and (iv) using the Bayesian framework to explore human learning (Bod, 
Timmers et al.). This special session will help bring out these common themes, highlighting the power and 
scope of probabilistic techniques in music modeling 
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13.1: (2:50 – 3:10) 
The conditionally independent voice model  
Christopher Raphael & Gabi Teodoru (Indiana University)             
 
craphael@postal.informatics.indiana.edu 
 
Probabilistic models have great potential as a framework for the study of symbolic music including both 
analysis and generation. For instance, many analysis problems such as harmonic analysis, pitch spelling 
from MIDI, rhythm recognition from time series, and labeling the interpretive or prosodic category of 
melody notes can be cast as a most likely identification of latent variables in a probabilistic model. 
Similarly, suitably trained probabilistic models can generate music, either from scratch (at least in theory), 
or subject to constraints. This latter case could lead to applications analogous to spell checkers in which 
notes are flagged when deemed unlikely according to a model, given the note’s context. 
 
In many applications the musical voice seems like a natural focal point for modeling purposes since we 
have considerable intuition about the way individual voices evolve. Modeling music as a collection of 
independent voices breaks a logjam of computational complexity, yet is not musically realistic since many 
changes that occur in one voice are reflected in other voices. We propose here a model that is more 
realistic and also computationally tractable. In our model the voices are regarded as conditionally 
independent given some hidden sequence of latent variables. In other words, the latent variables of the 
model are represented as a state sequence that summarizes everything regarding the interaction of the 
voices. Once this state sequence is fixed, each voice evolves independently, depending only on its past 
history and the latent variables.  
 
We look at a specific application to note spelling from MIDI data in which the latent variables are the local 
key and the “scale degree” of the note. The sequence of local keys is modeled as a Markov chain, one for 
each measure, while the scale degrees of each voice are modeled as a Markov chain depending on this 
hidden key sequence. In essence, the model assumes the only interaction between the pitch and spelling 
of voices is due to the local key. While not completely true from a musical perspective, we believe the 
model strikes a good balance between honesty and simplicity, usually the most important dimension in 
judging a model. In particular, the model captures the two most important aspects of pitch spelling: local 
key and voice leading. Even without training this model compares favorably with published results on the 
problem on a common test set. However, we believe the model may apply equally well to a variety of other 
music analysis problems. 
 
 
13.4: (3:50 – 4:10)  
Preferring the best fitting, least flexible, and most surprising prediction: Towards a Bayesian 
approach to model selection in music cognition 
Henkjan Honing (University of Amsterdam)                                                                           
 
honing@uva.nl 
 
While for most scientists the limitations of evaluating a computational model by showing a good fit with the 
empirical data (think of percentage correct, percentage variance accounted for, or minimizing error) are 
clear cut, a recent discussion (cf. Honing, 2006) shows that this widespread method is still (or again) in the 
center of scientific debate. In the current paper, a Bayesian approach to model selection in music 
cognition is proposed that tries to capture the common intuition that a model’s validity should increase 
when it correctly predicts an unlikely event, rather than when it correctly predicts something that was 
expected anyway. 
 
One of the strengths of the computational modeling approach to music cognition is that, while a 
computational model may be designed and fine-tuned to explain one particular phenomenon, it has the 
added advantage that it can, in principle, also say something about the consequences for a related 
cognitive phenomenon. For example, it was shown in Honing (2006) that a model that was designed to 
capture categorization in rhythm perception can also be used to make predictions about the perception of 
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ritardandi in music: i.e. how much slowing down (or speeding up) still allows for an appropriate 
categorization of the performed rhythm. Interestingly, this was not what the model was designed to 
predict. However, calculating the predictions of this model on the possible shapes of final ritardandi turned 
out to be relatively surprising. In general, we would like to argue that the amount of surprise in a model’s 
predictions is more relevant to a model’s validity than one that simply makes a good fit with the data it was 
designed to fit. 
 
A distinction will be made between possible, plausible, and predicted observations, using a recent case 
study (Honing, 2006). These three notions will be used as a starting point to define three hypotheses: H-
possible, H-plausible and H-predicted, each describing a surface (or intersection) of the predictions made 
by a model in a Bayesian framework (cf. Sadakata, Desain & Honing, 2006). As an example, a first, yet 
crude attempt to define a measure of surprise is to select the model that minimizes the intersection of H-
predicted with respect to H-plausible, while preferring the H-predicted that is least smooth. As such, we 
will prefer a model that 1) fits the empirical data well (best fit), 2) makes limited range predictions (least 
flexible), in addition to making 3) non-smooth, unexpected predictions (most surprising). 
 
Honing, H. (2006). Computational modeling of music cognition: a case study on model selection. Music Perception, 24(1), 365-376. 
Sadakata, M, Desain, P. & Honing, H. (2006). The Bayesian way to relate rhythm perception and production. Music Perception,  

23(3), 267-286. 
 
 
13.5: (4:30 – 4:50)  
Probabilistic classification of the style of drum performances 
Renee Timmers, Alex Brandmeyer & Peter Desain (Nijmegen Institute of Cognition and Information, 
Radboud University Nijmegen, Netherlands) 
 
r.timmers@nici.ru.nl 
 
The context of this study is the development of an application for the automatic evaluation of musical 
performances and the generation of visual feedback that helps to improve performance. Students perform 
music in target styles exemplified by the teacher, which they imitate. The challenge is to classify student 
performances without the need for prior knowledge apart from teacher examples. Probabilistic 
classification of performances provides the solution. 
 
Target performances of two basic drum patterns were recorded that exemplify three styles: On the beat, 
Laid-Back and Rushed. Counter-examples were recorded that exemplify the performance styles of 
beginners. Features of the performances were extracted from the MIDI data, including raw timing and 
velocities, intervals between timing and velocities, and proportions between intervals. To classify 
performances, features were selected that best distinguished between the three expert styles and 
between the expert and beginner styles given the probability densities of the features for the different 
styles. The detected characterizations of performing styles agree with musical intuitions: Intervals between 
successive velocities and proportions between time intervals of high-hat hits distinguish the expert styles, 
while time-lock accuracy of the snare related to the metronome distinguish, among other features, the 
expert from beginners. 
 
In an online analysis of the student performances, the probabilities that the student performance belongs 
to a style based on the selected features were calculated per half bar. These probabilities were combined, 
assuming independence between them, to calculate the overall target and non-target probabilities. The 
resulting probabilities were visually presented to the student using shapes representing the three target 
styles and morphing between them: If the student performance was only likely to be a performance of the 
target style, the target shape was presented. If, however, the student performance was both likely to be a 
performance of a target and a non-target style, a shape in between the target and non-target shape was 
shown. The size of the shape illustrated the expert probability. The effectiveness of this type of visual 
feedback was tested in an experiment in which drum students imitated the target examples with and 
without visual feedback. 
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The results show a promising application of a Bayesian approach. Higher-level components were detected 
that characterize performance styles. This information could be successfully used to generate online 
visual feedback, which had a positive effect on the learning of the target style. The feedback was liked by 
the students and stimulated them to perform more accurately than without visual feedback. 
 
 
13.6: (4:50 – 5:10)  
Uniform information density in music 
David Temperley (Eastman School of Music)                                              
 
dtemperley@esm.rochester.edu 
 
The principle of Uniform Information Density (UID) states that, in human communication, the information 
conveyed per unit time (where the information of a temporal segment is inversely related to its probability) 
will be roughly constant (Levy & Jaeger, 2006). Two general predictions follow from this: 1) Elements that 
are low in probability in one respect will tend to be high in another; 2) Elements that are low in probability 
overall will tend to be extended or spread out in time. Evidence for both principles has been found in 
language communication. Low-probability words and phonemes tend to be pronounced more slowly, as 
predicted by (2); sentences that occur later in a discourse—presumably more predictable in contextual 
terms—tend to be less predictable by non-contextual measures such as word-to-word conditional 
probabilities, as predicted by (1). 
 
In this paper I explore the relevance of UID to music. I begin by considering two basic predictions 
regarding melodic structure. One prediction that follows from (1) above is that rarer scale-degrees will tend 
to be approached by smaller intervals since small intervals are higher in probability, as shown by a 
number of prior studies. This prediction is borne out in statistical analyses of hymn tunes, European folk 
tunes, and classical string quartets. A second prediction, following from principle (2), is that tones 
approached by larger intervals will tend to be longer. This prediction is confirmed in analyses of string 
quartets, though not in folk melodies. These findings will be discussed, and other possible explanations 
will also be considered. 
 
A further prediction of UID concerns melodic repetition. When a pattern is repeated, the second instance 
of the pattern is contextually more predictable than the first because of its earlier occurrence. According to 
principle (1), if the pattern is repeated in varied form, we would expect the second instance of the pattern 
to be less probable than the first by non-contextual measures. (An inverse relationship between contextual 
and non-contextual probability has been found in language, as mentioned above.) Such non-contextual 
measures might include interval size, rhythmic pattern (syncopation), scale-degree content 
(chromaticism), and harmonic progression. While quantitative testing of this question is not yet possible, 
an informal consideration of a number of cases of “varied repetition” suggests that it may well be borne 
out. 
 
Levy, R., & Jaeger, T. F. (2006). (In press) Speakers optimize information density through syntactic reduction. In Pre-Proceedings of  

Neural Information Processing Systems (NIPS.), Vancouver, BC 
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Wednesday August 1 Afternoon 
 
2:50 – 4:10 Session 14: Pitch and rhythm interactions        H 415 
  Moderator: Mari Riess Jones (Ohio State university, UC Santa Barbara) 
 
14.1: (2:50 – 3:10)  
The role of response time in a music production task  
Sean Hutchins & Caroline Palmer (McGill University)                                           
 
sean.Hutchins@gmail.com 
   
Response time measurements are one of the most important tools in understanding cognitive processes, 
such as implicit memory. Because of the temporal structure inherent in most musical sequences, the use 
of response time measurements for musical stimuli poses a challenge that is not found in other domains. 
For example, entrainment to musical rhythms may affect response times in interesting ways, and may 
interact with the time-course of psychological factors such as priming. 
 
We report three experiments that used a variant on a priming task to examine the role of implicit memory 
in music. We chose a production task to measure musical priming, which we call the singing-back task, in 
which we measured participants’ latencies to sing back the pitch of the final tone of an isochronous 
melodic sequence as quickly as possible. This task does not require explicit musical training, and can 
measure implicit musical knowledge across a general population. Response latencies were measured 
from the onset of the final tone to the onset of their sung response. The tones preceding the final tone in 
the melodic sequence were varied to examine factors that affect the response time. Each experiment 
independently manipulates whether the final tone was a tonic tone, whether the final tone was a repetition 
of a previous tone, and the distance (in number of events) between the prime tone (or non-prime control) 
and the final tone. 
 
We observed different degrees of entrainment in each experiment; fast responders tended to respond 
around one beat after the stimulus tone, whereas slow responders tended to respond after two beats. In 
all experiments, participants sung back repeated tones faster than non-repeated tones. This effect was 
modulated by the prime-target distance, such that closer repetitions had a larger response-time benefit 
than repetitions at a long prime-target distance. Response latencies were also faster for tonic ending 
tones than non-tonic ending tones. Interestingly, participants with fast average response times showed 
consistent benefits from repetition priming, but slow-responding participants did not. 
 
These experiments indicate that activation of musical tones due to repetition priming is short-lived; only 
participants who responded quickly to the target tone showed a consistent benefit of priming in their 
response latencies, whereas both groups of participants showed evidence of entrainment. We discuss the 
role that entrainment may play in response time measurements in music, and discuss possible 
explanations for individual differences between fast and slow responders. 
14.2: (3:10 – 3:30)  
The effect of interval size and direction on the perception of anacruses 
Justin London (Carleton College, MN, USA), Ian Cross & Tommi Himberg (University of Cambridge)   
 
jlondon@carleton.edu 
 
Background:  An anacrusis—one or more notes at the beginning of a melody prior to the first downbeat— 
occurs when grouping structure and meter are out of phase (London 2004). In a previous series of 
experiments (London, Cross, and Himberg 2006) the effect of tempo, durational structure, melodic 
direction, melodic interval, and harmony on the perception of a metrical anacrusis was investigated. It was 
found that while durational structure is the primary determinant of anacrustic perception, melodic and 
harmonic structure nevertheless enhanced the sense of anacrusis. Previous studies (Huron & Royal 1996, 
Vos, van Dijk, et al., 1994) found a limited effect of melodic structure on rhythmic accent and/or metrical 
structure. 
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Aims & Method:  To better understand the effect of melodic and harmonic structure on anacrustic 
perception, and hence metrical structure in particular, an experiment was designed to test those factors 
alone using 16 wholly isochronous melodies. The initial tones of each melody were systematically varied 
in terms of (a) interval size (step vs. skip), (b) direction (ascending vs. descending), and (c) harmonic 
content (V-I vs. I-I). Melodies were composed to be otherwise neutral with respect to rhythm-meter 
interaction, and thus could be heard as either as anacrustic or non-anacrustic. Each stimulus melody was 
presented at two moderate tempo levels (100 and 130 notes/minute). Participants responded by tapping 
“every other beat” onto a MIDI drum pad as the stimuli were presented. Data were scored for each trial, 
with 0=downbeat tapping and 1=upbeat tapping; from these an average “upbeatness rating” for each 
melody and various stimulus categories could be calculated. 
 
Preliminary Results:  A pilot study (7 subjects) has shown an interestingly limited result. In most trials 
subject responses indicated a non-anacrustic perception of the stimulus. A post-hoc contrast run on 
upbeatness scores showed no main effect, and no interaction, save in one context. There is a statistically-
significant increase in upbeatness [F(1,6)=6.25, p<0.047] via a three-way interaction between direction 
(ascending), harmony (V to I), and initial movement (Stepwise).  
 
Conclusion:  The current study suggests that specific constellations of melodic features are required to 
produce higher-level metric effects in isochronous melodies; this complements the study of Hannon, 
Snyder, Eerola, & Krumhansl (2004) which also shows a limited effect for melodic structure on metric 
perception in similar melodies. This in turn suggests that future studies address the interaction between 
this particular set of features and other musical parameters, most notably durational structure and tempo. 
 
 
14.3: (3:30 – 3:50)  
Temporal structure of tonality perception  
Ji Chul Kim (Northwestern University)                                                                    
 
jc-kim@northwestern.edu 
 
Tonality has been thought of primarily as the organized relationships of pitches and harmonies. Current 
psychological theories view tonality as the hierarchy of pitches where the tonic of a key is represented as 
the most perceptually stable member. Although both music theorists and psychologists have 
acknowledged the role of temporal, non-pitch parameters such as rhythm and meter in establishing tonal 
relationships, they have been considered secondary to the main parameter of pitch. Nevertheless, there 
have been voices arguing that the temporal dynamics of musical material are essential to the induction of 
tonality, but a rigorous explanation as to how tonality is established in time and represented in the mind 
has been lacking.  
 
Here I propose that tonality emerges during the mental processes of segmenting and integrating musical 
events in time. Individual musical events such as tones in a melody are not just separately encoded but 
perceptually related to one another as forming temporal compounds. Due to limited memory capacities, 
however, a sequence of musical events is likely to be segmented at local boundaries and each resulting 
subsequence processed as an integrated chunk. Research has shown that certain tones in a grouping of 
a few tones, especially the last tone of the grouping, are more prominent and remembered better than 
others (e.g. melodic anchoring). We may postulate that a melodic segment is encoded as consisting of 
these prominent tones, which can be called the anchor tones or tonal centers of the segment, with 
subsidiary tones grouped around the anchor tones. I argue that the processes of segmentation, temporal 
integration and the concurrent emergence of tonal centers occur at various time levels. Of special interest 
are the levels of musical phrases and phrase groups because they usually complete simple tonal arcs or 
motions and thus guide our expectation of what the tonic is and when it will occur. Consequently, I argue 
that the sense of tonality, including both local and global tonal centers and the dynamics surrounding 
them, is the product of the mental processes and resulting representations of simultaneous multilevel 
segmentation and temporal integration, and of the expectations of different temporal scopes generated 
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during the process. I will discuss relevant theories and empirical findings in the literature and the 
implications of the present theory in relation to them.  
 
 
14.4: (3:50 – 4:10)   
Interaction or independence of musical dimensions: Pitch and rhythm, tonality and meter 
Jon Prince (University of Toronto at Mississauga) Mark A. Schmuckler (University of Toronto) & William F. 
Thompson (Macquarie University, Sydney, Australia) 
 
jprince@utoronto.ca 
 
Tonality and meter are uniquely suited to investigate issues of internal representations of stimulus 
structure. Whether these dimensions are independent or interactive is important for applying this research 
to general cognition, and consists of two questions. First, while attending to one dimension, can listeners 
ignore irrelevant variation in the other dimension? Second, does the structural organization of one 
dimension (e.g., tonality) affect that of the other (e.g., meter)?  
 
Experiment 1: A tonal melody accompanied by a metronome click provided a musical context, followed by 
a probe tone. This probe tone varied in tonal stability (12 pitch classes) and in metrical stability (eighth-
note subdivisions). Trained musicians rated how well the probe fit with the melody, without attending 
selectively to either pitch or time. Experiment 2: This experiment was identical to Experiment 1, except 
that participants were instructed to ignore pitch and base their rating entirely on time. Experiment 3: Using 
a speeded classification task, participants indicated if the probe was on or off the beat, regardless of pitch. 
Reaction time and accuracy were measured. Experiment 4: This experiment was identical to Experiment 
3, except that listeners indicated whether the probe was in or out of the key, ignoring the probe’s timing.  
 
For the rating tasks of Experiments 1 and 2 the effects of tonality and meter were independent and 
additive. In Experiment 3, when probe tones were on the beat, responses were faster and more accurate 
for tonally stable than unstable probes. However, when probe tones were off the beat, responses were 
faster and more accurate for tonally unstable than stable probes. Participants successfully ignored time in 
Experiment 4 but were slower overall. Both tonal and metric stability independently and additively 
influenced perceived stability. Moreover, tonal stability exerted a powerful influence on ratings even when 
participants were told to ignore pitch. However, the speeded classification task revealed an asymmetric 
interaction between tonality and meter. When classifying events according to time, the irrelevant 
dimension of pitch influenced classification – in accordance with tonality; but when classifying events 
according to pitch, time and metric structure had no effect. Differences in discriminability could account for 
this asymmetric failure of selective attention, suggesting that the dimensions are independent, if pitch is 
the more discriminable dimension. However, the overall reaction times in Experiments 3 and 4 suggest 
time is more discriminable. We propose to dissociate dimensional discriminability from salience, such that 
in Western music, pitch is less discriminable but more salient.  
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Wednesday August 1 Afternoon 
 
4:30 – 6:00 Poster session A            H 763 
  Organizer: Virginia Penhune (Concordia University, BRAMS) 
 
Memory 
 
A.1: Memory for lyrics: The role of melody and rate  
Melissa K. Jungers (Ohio State University, Newark)                                                        
 
jungers.2@osu.edu 
 
Memory for text improves when the words are set to music. Sponsors of products associated with jingles 
are better recalled than those without jingles (Yalch, 1991). Song lyrics are more easily recalled when 
presented in sung than in spoken form (Wallace, 1994). However, the advantage for sung lyrics over 
spoken lyrics may be due to presentation rate (Kilgour, Jakobson, & Cuddy, 2000). The goal of the current 
study is to examine how rate and melody influence memory for lyrics. 
 
In the first experiment, listeners with little formal music training repeatedly heard a single verse of an 
American folksong, “Green Grow the Lilacs” and recalled the lyrics after the 1st, 2nd, 4th, and final 
presentations. Listeners completed a distracter task before the final recall attempt. Listeners heard one of 
four versions of the folksong produced by a female speaker: sung-slow, sung-fast, spoken-slow, and 
spoken- fast. The dependent variable was the number of correctly recalled words. There were no 
significant differences for presentation rate or for mode (sung or spoken) across the four attempts to recall 
the lyrics from one verse. In the second experiment, listeners heard three verses of the same folksong and 
recalled the lyrics as in the first study. Listeners recalled more lyrics in the slow than in the fast 
presentation rate averaged across the four recall attempts. There was a significant difference in the 
number of recalled lyrics across the four conditions (sung-slow, sung-fast, spoken-slow, spoken-fast), with 
the fewest words recalled correctly in the sung-fast condition. 
 
This study suggests that the advantage for music in recalling text may be due simply to a change in rate. 
Lyrics are generally sung more slowly than text is spoken, allowing more time for memory rehearsal and 
processing. This memory advantage for the slower rate may only matter for longer or more challenging 
memory tasks, such as recalling three verses of a song. 
 
 
Rhythm and Meter 
 
A.2: Getting in ‘the groove’ while tapping 
 
Petr Janata, Stefan Tomic & Jason Haberman (University of California, Davis)           
 
pjanata@ucdavis.edu 
 
People listening to music often find themselves moving along rhythmically with the music. Although many 
studies have examined how people find and synchronize with the perceived beat of the music, the degree 
to which people move at multiple metric levels with a combination of body parts when they are free to do 
so remains relatively unexplored. In this study we examined, in 34 subjects, the properties of bimanual 
rhythmic tapping movements in silence and 3 music conditions under restrictive and unrestrictive tapping 
instructions (4x2 design). The three music conditions were categorized by degree of “groove,” which was 
assessed in a pilot experiment. In the restrictive conditions, subjects were instructed to find the beat and 
tap it with both hands during music trials and to tap at a steady beat of their choosing during silence trials. 
In the unrestrictive condition, subjects were instructed to tap along with the music (or in silence) as they 
saw fit. We also included no-tap conditions in which subjects simply listened to the music excerpts. Every 
trial in each of these conditions lasted 30 s and was followed by a brief series of questions that gauged a 
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subject's affective response to the excerpt, their perception of their performance, their familiarity with the 
excerpt, and their rating of the amount of "groove" for that excerpt. Primary analyses of the tapping data 
focused on the variability in inter-tap interval (ITI) distributions across the different conditions. ITI values 
were normalized for each trial by dividing by the ITI of the peak bin in an ITI histogram, to account for the 
different tempi of the music excerpts. The variance of the ITI distribution in a region around the normalized 
peak was significantly greater in the unrestrictive conditions compared to the restrictive conditions, and 
significantly greater for the low- and mid-groove stimuli than for either the high-groove or silence 
conditions. Compared to high-groove conditions, variance in the silence conditions was equal and slightly 
smaller during unrestrictive and restrictive tapping, respectively. Despite similar ITI variance in the silence 
and high-groove conditions, the degree to which subjects felt "in the groove" in the silence condition was 
comparable with the low-groove condition and was significantly less than the high-groove condition. Thus, 
the feeling of being "in the groove" appears to be linked not only to variability in one's motor performance, 
but also the musical context. 
 
 
A.3: The primal role of the vestibular system in determining musical rhythm  
Laurel J. Trainor, Xiaoqing Gao, Jing-jiang Lei, Karen Lehtovaara (McMaster University), & Laurence R. 
Harris (York University) 
 
LJT@mcmaster.ca 
 
Previous studies have indicated that physical movement on either every second or on every third beat of a 
repeating unaccented 6-beat auditory rhythm pattern can disambiguate whether it is perceived in duple 
time as a march or in triple time as a waltz (Phillips-Silver & Trainor, 2005, 2007). Here we demonstrate 
that this disambiguation can also be accomplished by direct galvanic stimulation of the vestibular system. 
During familiarization, adults listened to the ambiguous auditory rhythm pattern with no accents while 
galvanic stimulation was applied. There was no actual head movement, but for half of the subjects, the 
stimulation was timed to induce the sensation that the head moved from side to side on every second beat 
of the ambiguous auditory rhythm pattern while for the other half of the subjects, it was timed to induce the 
sensation that the head moved from side to side on every third beat of the ambiguous auditory rhythm 
pattern. A subsequent 2-alternative-forced-choice test was given where subjects chose which of two 
versions sounded most like the auditory pattern heard during familiarization, a version with physical 
(intensity) accents every second beat and a version with accents on every third beat. This test revealed 
that the vestibular stimulation strongly biased whether adults perceived the ambiguous rhythm as being in 
duple or in triple time in the absence of any physical movement during familiarization. Specifically, 
subjects who experienced vestibular stimulation during familiarization on every second beat chose the 
auditory-alone version of the rhythm with every second beat accented 88% of the time, whereas those 
who experienced vestibular stimulation on every third beat chose the version with accents every third beat 
70% of the time (over both conditions, auditory match chosen significantly more often than expected by 
chance, t(10) = 6.3, p < .0001). In a control condition with galvanic stimulation applied to the elbows, no 
significant effects were found. Thus, vestibular stimulation alone can affect the metrical interpretation of a 
rhythm pattern. These results imply that the vestibular system may play a primal role in the perception of 
musical rhythm. 
 
 
Physiology I 
    
A.4: Synchronization of blood flow dynamics in human cerebral cortex with musical stimulation 
Masakazu Iwasaka, Takuro Ishii, Takao Uehara, Satoru Watanabe, Hayato Tezuka, Madoka Shimo, Keiko 
Sugo, Asuka Kinjo & Katsuo Sugita (Chiba University, Chiba, Japan) 
 
iwasaka@faculty.chiba-u.jp 
 
Neurological studies of fMRIs, MEGs, etc. with acoustic tasks provided us with a new science regarding 
the functions of auditory processing inside the brain. In the present study, musical recognition processes 
in human cortices were investigated by utilizing a near-infrared spectroscopic (NIRS) system. During 
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active and passive listening to music, the dynamics of the blood flow in the frontal and temporal lobes 
were obtained from subjects including both professional and amateur musicians. The obtained time-
course of parameters associated with cerebral blood flow showed a specific blood level pattern depending 
on each of several musical compositions. 
 
The hemodynamics related to musical recognition processes in the human brain were investigated by 
utilizing a NIRS system. Optical absorption at 780 nm - 830 nm in the frontal and temporal lobes was 
measured when the subject was exposed to musical stimulation. A typical pattern, a decrease in blood 
level was frequently observed during passive listening. The effects of music on mental concentration and 
relaxation are discussed. 
 
In cases with active listening to music in which the subject played a musical instrument such as a piano, 
mandolin, viola, guitar, etc., time courses of blood flow in the cerebral cortex show dependence on the 
musical structure of the composition in its time axis. Two-hand keyboard tasks revealed that both the 
oxyhemoglobin level and total blood flow level dropped significantly during the initial stage of playing a 
musical instrument. An initial drop in the oxyhemoglobin level was more frequently observed in amateur 
musicians than in a few professional pianists. The data comparing the hemodynamics in the right frontal 
cortex and right auditory cortex suggest that the time course of the oxyhemoglobin level in the right frontal 
cortex was out of phase. In contrast, in mandolin playing, we observed a clear and reproducible increase 
in the oxyhemoglobin level while playing in “tremolo” style. The data with other stringed instruments 
showed a tendency of an increased blood flow level while the subjects were controlling the pitch with their 
fingers. 
 
The results also indicated that as well as the structures in the time sequences of the compositions, the 
level of musical training and the human-instrument interface affected the dynamics of blood flow, which 
reflected musical brain activity. However, the synchronization of the blood flow dynamics with the musical 
structures of an individual composition was reproducibly observed in a specific pattern of changes in blood 
flow in a human brain cortex. 
 
 
A.5: Modulation of the functional network for singing following auditory training 
Jean Mary Zarate (McGill University, BRAMS), Karine Delhommeau (McGill University) & Robert J. 
Zatorre (Montreal Neurological Institute, McGill University, BRAMS) 
 
jean.zarate@mail.mcgill.ca 
 
Behavioral research has suggested that people with enhanced frequency discrimination can sing more 
accurately than people with poorer auditory skills. In this experiment, we trained non-musicians to perform 
an auditory discrimination task. In fMRI sessions before and after training, we used singing tasks to 
determine if experimentally-controlled auditory training would modulate the functional network recruited for 
singing. 
 
In our auditory discrimination task, subjects indicated whether two micromelodies were identical or not. 
Micromelodies consisted of seven pure tones centered around 250 Hz, and the intervals between 
consecutive tones varied between 60 and 5 cents (100 cents = 1 semitone). Non-musicians were trained 
with this task over six sessions using a staircase procedure with feedback. 
 
Subjects were tested in a 1.5-T Siemens MR scanner both before and after training. During each fMRI 
session, subjects sang either single notes close to 250 Hz, or five-note melodies centered around that 
frequency, with intervals of either 50 or 100 cents between notes. Perception tasks, where subjects 
listened to single notes or melodies without singing them back, were also included. After each task, we 
acquired brain images with sparse sampling (TR = 10 m, TE = 85 ms, matrix = 64x64x5-mm). 
 
Before training, simple singing (i.e., singing one note) increased activity in bilateral auditory cortex, 
supplementary motor area (SMA), anterior cingulate cortex (ACC), sensorimotor cortex, insula, thalamus, 
and cerebellum, compared to perception. Compared to simple singing, melodic singing additionally 
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recruited bilateral auditory cortex, SMA, ACC, left supramarginal gyrus, and prefrontal cortices. After 
training, simple singing resulted in additional activity in the right inferior frontal gyrus. Following training, 
melodic singing resulted in a further increase in activity within bilateral inferior frontal gyri and cerebellum, 
as well as a weak increase in left auditory cortex. 
 
Prior to training, simple singing recruited a pattern of neural activity resembling the functional network for 
singing reported in previous studies. Before training, melodic singing recruited additional brain regions 
when compared to the functional network for simple singing. Since singing multiple notes is more complex 
than singing one note, the wider spread in neural activity may reflect an increased demand on cognitive 
processes during melodic singing. In all singing conditions after training, increased activity in the inferior 
frontal gyrus suggests that auditory training may modulate working memory processes for singing. During 
melodic singing after training, the additional increase in cerebellar and auditory activity may imply greater 
vocal control and enhanced processing of auditory feedback. 
 
 
A.6: Listening to musical rhythms activates motor regions of the brain 
Joyce L. Chen (McGill University), Virginia B. Penhune (Concordia University, BRAMS) & Robert J. 
Zatorre (Montreal Neurological Institute, McGill University, BRAMS) 
 
joyce.chen@mail.mcgill.ca 
 
Music can be a potent catalyst in stimulating timely movements; we often tap our feet and nod our heads 
to the beat of a song. Although sounds can influence movements, can the mere presentation of auditory 
stimuli be sufficient cause for neural activation in motor regions of the brain? Recent work from our lab 
demonstrated that listening to rhythms in the anticipation of motor synchronization to the same stimuli 
recruited activity in motor regions, a finding we attribute to mental rehearsal or imagery. Therefore the goal 
of this study was to investigate whether perception and action recruit similar neural substrates for musical 
rhythm when rehearsal is controlled for. Subjects (n = 12) were scanned using a sparse sampling fMRI 
paradigm while performing three conditions; passive listening, listening with anticipation to act, and 
movement synchronization. During the first run of the experiment, subjects passively listened to four 
different sequences and made an alternating left/right response on the mouse button after each stimulus 
presentation to control for basic attention. In the second run, subjects performed the two remaining 
conditions in which they were instructed to listen during the first presentation of a rhythm, and then to tap 
in synchrony with the same rhythm during its second presentation. Comparisons of each of these three 
conditions to a silence baseline revealed involvement of the supplementary motor area, premotor cortex, 
and cerebellum. These results demonstrate that motor regions of the brain are recruited when subjects 
passively listen to a rhythm, even when no explicit association between perception and action has been 
made. Thus, we suggest that the motor system may be intrinsically tuned to the perception of rhythmic 
sequences and that tracking the evolution of events over time may be relevant for motor performance. 
 
 
Tonality  
 
A.7: Mathematical optimization of a toroidal tonality model  
Gabriel Gatzsche (Fraunhofer Institute for Digital Media Technology IDMT, Ilmenau, Germany), 
David Gatzsche (The Liszt School of Music Weimar) Markus Mehnert (Technical University of Ilmenau)  
& Karlheinz Brandenburg (Fraunhofer Institute for Digital Media Technology IDMT, Ilmenau, Germany) 
 
gze@idmt.fraunhofer.de 
 
In 1982 C. L. Krumhansl and E. J. Kessler published a toroidal tonality model derived from probe tone 
ratings (see Krumhansl, 1990). This model represents structural relationships between the 12 major and 
12 minor keys on a surface of a torus. Similar models have been proposed by Purwins (2005) and by 
Lerdahl (2001). This approach had been a great breakthrough because multiple musical elements are 
represented within one model, e.g. the parallel and relative relationship between major and minor keys. 
This benefit brought a wide spread application of such solutions in the field of automatic analysis of tonal 
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harmonic music (Gomez Gutierrez, 2006; Purwins, 2005). But there are several questions left open, 
especially towards the interpretation of the two circular dimensions derived from the dimension 1 and 2 
and dimensions 3 and 4 of Krumhansl and Kessler's toroidal MDS solution. 
 
In this paper we apply two modifications to the MDS-Solution: 1) the key distances in the toroidal plane 
are adapted based on real tone distances without disturbing the tonal hierarchy; 2) a so-called symmetry 
tone as the geometric centre of a diatonic scale is introduced, and the model is calibrated using this 
symmetry tone. It is shown that this model can be separated into a key related and a key spanning 
component. An independent analysis of these components makes it possible to explain a wide variety of 
tonal features like structural relationships between tones, keys and chords, resolution tendencies of 
isolated chords or functional relationships. Furthermore the model offers explanations between key related 
and key spanning phenomena, e.g. the relationship between the key Minor and the diminished seventh 
chord e.g. g#-d-b-f. Finally we discuss a music analysis algorithm based on the presented approach. 
 
Gomez Gutierrez, Emilia. (2006). Tonal description of music audio signals. Doctoral dissertation, Department of Technology,  

Universitat Pompeu Fabra, Barcelona. 
Krumhansl, C. L. (1990). Cognitive foundations of musical pitch. Oxford: Oxford University Press. 
Lerdahl, Fred. (2001). Tonal pitch space. Oxford: Oxford University Press. 
Purwins, H. (2005). Profiles of pitch classes, circularity of relative pitch and key—experiments, models, computational, music  

analysis and perspectives. Doctoral dissertation, TU Berlin. 
 
 
A.8: Tonal influences on auditory stream segregation 
Dominique Vuvan & Mark A. Schmuckler (University of Toronto Scarborough)  
 
dominique.vuvan@utoronto.ca 
 
Over the years, investigating the importance of tonality in perceiving musical structure has been a central 
theme of psychological research. Intriguingly, although a wealth of evidence exists attesting to any 
number of effects of tonality, there have been surprisingly few investigations of the impact of tonality on 
perceptual organization per se. One especially apt arena for exploring this question might be the role of 
tonality in auditory stream segregation, looking for an impact of tonal organization on the ease of auditory 
object formation. The current study examined the role of tonality within the context of Dowling’s (1973) 
well-known interleaved melody phenomenon. Specifically, this experiment employed a task similar to that 
used by Bey and McAdams (Bey & McAdams, 2002,), in which listeners heard a target melody followed by 
a pair of interleaved melodies, with this target being either the same or different from one of the two 
interleaved melodies. The two melodies comprising the interleaved pair varied along two factors known to 
influence stream segregation (inter-onset interval and pitch spread), as well as in tonal relatedness (same, 
related, and unrelated tonalities). Analysis of adjusted d primes in this same/different task revealed a main 
effect of pitch spread, F(3,54) = 5.23, p < .005, with higher d primes for smaller pitch spreads, relative to 
larger ones. Although surprising, this result is understandable in terms of an increasing bias on the part of 
listeners to say “same” as the melodies increased in pitch spread. Most interestingly, however, there was 
a main effect for tonality, F(2,36) = 3.33, p < .05, with the best discrimination for tonally identical 
interleaved melodies, followed by tonally related interleaved melodies, and finally, tonally unrelated 
interleaved melodies. This finding suggests that tonal deviation hinders, as opposed to facilitates, the 
formation of separate auditory objects, at least as assessed by the current paradigm. Although somewhat 
counterintuitive, this result converges with other research on the formation of independent, simultaneously 
active tonal organizations (Krumhansl & Schmuckler, 1986). 
 
Bey, C., & McAdams, S. (2002). Schema-based processing in auditory scene analysis. Perception & Psychophysics, 64, 844-854. 
Dowling, W. J. (1973). The perception of interleaved melodies. Cognitive Psychology, 5, 322-337. 
Krumhansl, C. L., & Schmuckler, M. A. (1986). The petroushka chord: A perceptual investigation. Music Perception, 4, 153-184. 
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Melodic Structure  
 
A.9: What do confusion errors tell us about the process of melody identification? 
Matthew D. Schulkind & Sarah J. Davis (Amherst College)                                 
 
mdschulkind@amherst.edu 
 
The cohort model of melody identification (Dalla Bella, Peretz, & Aranoff, 2003) suggests that the initial 
notes of a tune activate a cohort of melodies from the listener’s musical lexicon. Additional musical 
information eliminates candidate melodies from the cohort until only one melody (the target) remains 
activated. One might characterize this process as passive; the identification process involves waiting until 
information from the environment winnows down the cohort to a single active member. The idea that 
melody identification is a passive process is somewhat inconsistent with classical theories of melody 
perception which suggest that music listening is a continuous process of generating expectations about 
future events. Thus, one might expect melody identification to be a more active process, such as that 
suggested by the feature modulation search model (Schulkind, 2004). According to this model, the initial 
notes of a melody are used to generate expectations about what will follow. These expectations shape 
perception thereby influencing the region of musical semantic memory that is searched. The current 
experiment compared these two models of melody identification by examining confusion errors (incorrect 
responses) rather than the measures traditionally used in melody identification research (e.g., percent 
correct, response latencies). Confusion errors were collected using several paradigms in which the 
listeners were given partial information from a target melody. The goal was to determine how well the 
cohort model and the feature modulation search model could account for these errors. 
 
The cohort model predicts that confusion errors should share a very strong musical resemblance (perhaps 
identity) to the portion of the target that the listener hears. The feature modulation search model predicts a 
weaker overlap between a target and an incorrect response, but that the erroneous guesses should 
deviate from the targets in musically predictable ways (e.g., according to the rules specified by Narmour, 
1990). In general, the data tended to support the more active, expectancy-driven process outlined by the 
feature modulation search model. 
 
 
A.10: Contour complexity contributes to tone sequence recognition  
Thomas W. Reiner (Sierra College, California)                                                       
 
treiner@sierracollege.edu 
 
Melodic information is thought to be encoded in two forms, a pitch interval code and a contour code. A 
change in melodic direction from upward to downward or vice versa is considered a “reversal” of musical 
direction. The number of reversals is referred to as contour complexity with few reversals (one or two) 
thought of as simple contour and more reversals (three or more) thought of as complex. Two experiments 
were conducted which investigated the extent that melodic contour contributes to the recognition of a 
previously heard tone sequence. Each experiment used a procedure in which participants heard a tone 
sequence (the original), briefly retained the information, and then heard two more tone sequences. One of 
the sequences was identical to the original sequence (the target) and one was new (the distractor). Both 
experiments used a 2 (experimental condition) x 2 (prior musical training) x 4 (target-distractor contour 
pair) mixed ANOVA design. The number correct on the two-alternative forced-choice trials was the 
dependent variable. In Experiment 1, the target pitch either matched or mismatched the original sequence 
pitch, while the distractor pitch was always different from the target pitch. The effects of experimental 
condition, prior musical experience, and contour were significant. In Experiment 2, the target pitch either 
matched or mismatched the original sequence pitch, while the distractor pitch was always the same as the 
target pitch. The effect of contour was significant. No other effect was significant. It did not matter whether 
participants had any prior musical experience if the pitch of the distractor was the same as the target. 
Musical experience seemed to only be necessary if pitch needed to be differentiated, as in the case where 
the pitch of the target and distractor were different from each other. These results suggest that when the 
pitch of a distractor is different from a target probe, various attributes, including contour, can assist with 
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the recognition process. However, when the pitch of a distractor is the same as a target probe, and the 
contours of the target and distractor are complex, the additional information from the distractor may 
interfere with recognition. This supports and extends the idea that contour is important for recognizing 
short musical phrases. 
 
 
A.11: Theories of melodic contour similarity: An experimental application 
Deborah Henry & Liana Brown (University of Western Ontario)                                        
 
dhenry@lara.on.ca 
 
Contour or general shape of a melody is a salient feature of tonal music across levels of musical 
expertise. Musicians react more quickly to violations of contour and are more sensitive to violations 
compared with non-musicians. 
 
Composers exploit contour similarity and orientation. Music theory explores aspects of contour when 
analysing musical scores. Two contours are considered similar when related by orientation as defined by 
four transformation operations—identical (transposed), inversion (upside down), retrograde (backwards), 
and retrograde inversion (backwards and upside down). 
 
Contour analysis has been embraced by music theorists as a viable method for analyzing post-tonal 
repertoire—compositions devoid of the organizing principles of tonal or serial music. Morris and 
Friedmann, in the forefront of this mode of analysis, use perception of contour in tonal music as 
justification for extrapolation into post-tonal repertoire. This study explores whether musicians and non-
musicians can discriminate contour similarity across contour orientations of melodies from the post-tonal 
repertoire. 
 
Participants listened to one standard melodic contour paired with each of 32 test melodic contours. The 
test contours consisted of 16 contours composed of the same small adjacent melodic intervals as the 
standard melody and 16 contours composed of adjacent melodic intervals larger than were those of the 
standard contour. Both groups of 16 contours contained four identical, four inversion, four retrograde, and 
four retrograde inversion orientations. 
 
Upon presentation of the standard and test contour, participants judged their similarity and indicated the 
perceived contour orientation of test contours they judged as similar. Using one-way and two-way Chi 
Square analyses, we determined the ratings of contour similarity, not in complete agreement with 
predictions of Morris and Friedmann, demonstrated sensitivity to similarity between standard and test 
contours. Results show that judgments of contour similarity are moderated by musical expertise, size of 
adjacent melodic intervals, and orientation of contour. Musicians and non-musicians were most likely to 
judge identical test contours and small adjacent interval test contours as similar to the standard contour. 
Musicians were least likely to judge retrograde inversion test contours as similar to the standard contour. 
The retrograde test contours were least likely to be judged as similar to the standard by non-musicians. 
 
Listeners perceived similarity between different contour orientations in melodies devoid of the organizing 
principles of tonal and serial music while being unable to identify contour orientation. The project lends 
some support to the perceptual validity of analyzing post-tonal repertoire for contour similarity. 
 
 
A.12: Sensitivity of Indian and Western listeners to transitional probabilities in raga structure 
Arindam Bhattacharjee, Laurel J. Trainor, Harshini Sriskanda, Lisa Hotson (McMaster University) & 
Narayanan Srinivasan (University of Allahabad) 
 
LJT@mcmaster.ca 
 
Although music is universal, the scale structure and constraints governing the progression of notes are 
specific to a culture and have to be learned. We tested the sensitivity of Indian and Western listeners to 
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raga structure. In Indian classical music, ragas provide a framework for creating a piece of music by 
defining the notes to be used and characteristic note sequences. As there are no fixed scores for any 
raga, listeners predict the incoming notes based on the previous notes and their prior knowledge about the 
raga. 
 
We created 70 short sequences of 4 notes each, in the Yaman raga, which uses essentially the same 
notes as the Western major scale but differing transitional probabilities. Each sequence ended with a 4th 
note whose probability of following the 3rd note was (1) High (2) Low (note was in the raga), or (3) Very 
Low (note was not in the raga). We also controlled for pitch distance between the 3rd and 4th notes. 28 
Indian and 16 Western listeners rated each sequence for the goodness-of-fit of the final note on a scale of 
1 to 7. During the experiment, two blocks were presented. Each contained all of the sequences, but in 
different random orders. The data were subsequently transformed to Z-scores. 
 
We hypothesized that because Very Low probability sequences contain non-scale notes in both 
Hindustani and Western music system, all listeners would rate them low. However, only listeners with 
Hindustani music experience would be sensitive to differences between the High and Low probability 
sequences. ANOVAs on each sequence type revealed an effect of origin only for the Low Probability 
sequences [F (1, 40) = 3.95, p = 0.05] and only in the second block, with Indian listeners rating them lower 
than Western listeners, as predicted. 
 
We conclude that although the notes of the Indian Yaman raga and Western major scale are very similar, 
only Indian listeners are sensitive to the sequential conventions of the raga structure and that this 
sensitivity does not require explicit training. 
 
 
Individual Differences  
 
A.13: Music’s effect during cognitive tasks: Interaction of musicality and extraversion 
Elizabeth Wieland (Alma College)                                                                                 
 
07eawiel@alma.edu 
 
Existing literature suggests that when a situation becomes more stimulating, such as listening to music 
during a cognitive task, it decreases performance in introverts and increases performance in extroverts. 
These studies suggest the reason for a difference in distraction is extraversion, but do not consider the 
possible confound of musical training. This study looks for effects of extroversion, musicality and a 
possible interaction between the two.  
 
The participants were 43 Alma College students, 23 non-musicians who had no formal music theory or 
lessons, and 20 musicians who had at least one year of music theory and four years of lessons. The 
participants were administered the Eysenck Personality Questionnaire (EPQ) to determine 
extraversion/introversion based on the calculated median. The reading comprehension and analogy tasks 
were extracted from Graduate Record Exam practice tests. The music was chosen to represent a “low-
information load” piece which was tonal and a “high-information load” piece which was atonal. The two 
independent variables were: musicality and extraversion. The dependent variable was the number of 
incorrect answers (out of 16 on the reading comprehension and out of 100 on the analogies). Subjects first 
completed the EPQ and were then instructed to begin their test. The participants were randomly assigned 
tonal (reading comprehension and analogies) then atonal (reading comprehension and analogies) or vice 
versa. The order of music and task was counterbalanced. 
 
Our data show that musicians’ performance improved during the atonal music condition while non-
musicians improved when the music condition was tonal. During the atonal music conditions musicians 
consistently and significantly answered fewer wrong than non-musicians on the reading comprehension 
task, F(1, 39) = 5.80, p <.05 and the analogies task, F(1, 39) = 6.34, p <.05. There were no main effects 
for musical training or extraversion, but there was an interaction effect found between 
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extraversion/introversion and musician/non-musician during the reading comprehension task F(1, 39) = 
4.948, p <.05. 
 
Our data suggests that personality differences, such as extraversion and level of musical training both 
affect distractibility due to music playing during cognitive tasks. In cognitive terms, these conclusions point 
to musicians being able to recognize atonal music as music and automate their listening, allowing them to 
devote more resources to the questions at hand. These findings have implications for study and work 
efficiency with background music depending not only on extraversion, but also the music selection and the 
participant’s level of musical knowledge.  
 
 
A.14: Conceptual structures of jazz musicians’ influences  
Caroline Davis (Northwestern University)                                                           
 
c-davis1@northwestern.edu 
 
Previous cross-cultural research in music cognition provides models of a particular ethnic music (Kippen, 
1987; Hopkins, 1982; Zemp, 1979). Additional culture-specific perceptual processes, such as 
metaphorical visualization, pitch hierarchy, and style perception in music have also received attention 
(Walker, 1987; Walker, 1986; Krumhansl, 1990). Walker’s study of visual metaphors for sound reveals 
small cultural differences in cross-domain metaphors. In a non-music-related study, Medin, Ross, and Cox 
(2006) found cultural disparity for animal and plant classification among Menominee Native Americans 
and whites in Wisconsin. Their findings indicate significant differences in mental representations for, or 
ways of thinking about, fish, plants, and animals. 
 
We propose a similar hypothesis for conceptual structures in music across subcultures within the Chicago 
jazz community. In jazz, musical influence is a strong marker of value and personal identity (Berliner, 
1994). We asked a select group of Chicago musicians with varying style knowledge and expertise to 
spatially arrange 40 of their personal musical influences. Participants were asked to arrange small boxes 
with their musical influences on a computer desktop interface. They were explicitly told to relate their 
arrangement to their understanding of each influence. During the task, an internal camera within the 
program Gawker (Piwonka) took desktop pictures of their progress at 30-second intervals. The program 
then compiled these pictures into a Quicktime video for post-task analysis. Participants were asked to 
explain the motivation behind their arrangement and to expound upon their position and status within the 
Chicago jazz community. 
 
Arrangement strategy will be coded in terms of distinct spatial features (e.g. vertical/horizontal time-line, 
musician classification, genre categorization). Variable types of influences (e.g. compositional, 
performance, leadership) will be coded in relation to one another by referencing physical space. This 
information will then be interpreted as semantic network systems, representing conceptual structures of 
musical influence. Qualitative data will be coded by number, revealing musicians’ sense of belonging 
within subcultures. We predict a significant relationship between social inclusion and mental 
representation of influences. Results will provide a framework with which to consider additional influences 
on our understanding of conceptual structure and culture in music. 
 
 
A.15: Effects of musical style preference and subjective complexity on recognition of musical 
passages  
Lincoln G. Craton, Christopher R. Poirier, Sarah D. Gunnery, Heather J. Zellers & Emily E. Merola 
(Stonehill College) 
 
lcraton@stonehill.edu 
 
We explored listeners’ processing of contrasting musical styles using a delayed recognition paradigm. 
Participants (N = 35) first listened to two blocks of unfamiliar musical excerpts and rated how much they 
liked each excerpt. The blocks consisted of seven realistic computer-generated examples of a particular 
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style (jazz or pop) created with Band-in-a-Box software (PG Music). In a subsequent recognition memory 
task, participants listened to the same 14 excerpts interspersed with 14 stylistically comparable foils and 
responded whether each was “familiar” or “new. Half were informed of the recognition test prior to the 
rating task. Individuals’ stylistic preferences were determined by calculating a difference score based on 
their summed ratings for the jazz and pop stimuli. The preference rating data were analyzed with a 2 
(preference group) X 2 (style) X 2 (learning condition) X 2 (block order) ANOVA, with the level of alpha set 
at .05 and with style as the only within-subjects variable. The result of particular interest was a significant 
preference group X style interaction, F (1, 27) = 140.39. Unexpectedly, participants who preferred jazz to 
pop selections rated both styles more favorably (Mjazz = 33.75, SDjazz = 4.41; Mpop = 26.42, SDpop = 4.98) 
than those who preferred pop (Mjazz = 18.91, SDjazz = 6.72; Mpop = 23.87, SDpop = 7.17). 
 
A similar ANOVA conducted on the recognition data (d’) yielded a marginally significant preference group 
X style interaction F (1, 27) = 3.98, p = .056. Participants who preferred pop to jazz remembered pop 
excerpts more accurately than jazz excerpts (Mpop = 1.02, SDpop = 0.60; Mjazz = .73, SDjazz = 0.70), but 
those who preferred jazz showed an even stronger effect in the same direction (Mpop = 1.52 SDpop = .60; 
Mjazz = .77, SDjazz = .57). This analysis also revealed a significant preference group X learning condition 
interaction, F (1, 27) = 5.97. Participants who preferred pop to jazz benefited from being warned about the 
recognition test (Mintentional = 1.12, SDintentional = .52; Mincidental = .69, SDincidental = .54) while those who 
preferred jazz did not (Mintentional = 1.04, SDintentional = .34; Mincidental = 1.30, SDincidental = .55).  
Taken together with survey data on participants’ musical backgrounds, these findings suggest that 
subjective complexity (e.g., Hargreaves, North & Tarrant, 2006), processing biases favoring preferred 
musical styles, and musical training interact to determine how deeply musical passages are processed. 
 
 
A.16: Personality correlates of music preferences 
Marek Franek (University of Hradec Králové, Czech Republic) & Pavel Muzik (Palacký University, Czech 
Republic) 
 
marek.franek@uhk.cz 
 
Typically, music preference is studied in a context of music sociology and social psychology. An 
association between personality characteristics and music preference was not systematically studied. 
Redfrow and Gosling (2003) conducted the study, where links between personality and music preference 
were investigated. Their study revealed four music preference dimensions: “Reflexive and Complex”, 
“Intense and Rebellious”, “Upbeat and Conventional”, and “Energetic and Rhythmic”. Preferences to 
these music dimensions were related to a wide array of personality dimensions. Since musical preference 
can be culturally dependent, the goal of our study was to replicate the study in the Czech Republic and to 
carry out a cross-cultural comparison. 
 
Method: A selection of 15 musical genres was conducted and their liking was examined. The list of 
musical genres reflected a different cultural tradition of the Czech Republic. Personality was assessed 
both by the•NEO Five-Factor Inventory (Costa and McCraee,1992) and by the Sensation Seeking Scale 
(Zuckerman, 1979). The study was conducted with a sample of 367 subjects aged from 16 to 57 years 
(mean age = 28.4). 
 
Results: The factor analysis revealed five music-preference dimensions. The three of them are virtually 
identical to the dimensions found in the Redfrow and Gosling‘s study: “Intense and Rebellious”, “Upbeat 
and Conventional”, and “Energetic and Rhythmic”. The fourth factor, which, was loaded by preference to 
classical music, folk, country, brass music and ethnical music was named “Traditional and Classical”. The 
fifth factor was loaded by jazz, blues, soul, funk, gospel, folk, and classical music. It was called “Reflexive 
and Complex”. It was found that extraversion correlates negatively with preference of classical music, 
country, ethnic music, and positively with preference of rock, alternative music, world music, new age, 
sound track, rap, hip-hop. Neuroticism is not associated with preference of particular musical genre. 
Conscientiousness correlates positively with preference of folk music, folk, classical music, soundtracks, 
and pop and negatively with the liking of rap, hip-hop, and alternative music. Agreeableness is positively 
associated with folk music, folk, classical music, soundtracks, and pop. Openness correlates positively 
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with folk music, folk, classical music, jazz, blues, and alternative music. High sensation seekers prefer 
rock, heavy metal, pop-rock, rap, hip-hop, and alternative music. 
 
Conclusion: The differences between the structures of music-preference dimensions are explained in 
terms of cultural differences between Central-Eastern Europe and USA. The authors suggest that 
research in personality correlates of music preference have also take into an account cross-cultural 
differences, as well as differences between different age groups. The research, which is now in a 
progress, examines music-preference dimensions and their personality correlates in a special sample of 
older people. 
 
 
A.17: Aesthetic responses to music: A questionnaire study 
Eva Istók, E. Brattico (University of Helsinki, Finland), T. Jacobsen (University of Leipzig, Germany), K. 
Krohn (University of Helsinki), Mira Muller (University of Leipzig) & M. Tervaniemi (University of Helsinki)   
 
eva.istok@helsinki.fi 
 
Aesthetic responses to music are frequent and come naturally to humans. Though many agree that such 
responses to art in general and music in particular are universal, it is unclear on which psychological 
concepts aesthetic responses are based. Our study was designed to reveal the way the aesthetic value of 
music is conceptualized by music experts and laymen. A verbal association task was employed. Hundreds 
of Finnish students with different degrees of familiarity with music listed adjectives pertaining to their 
understanding of the aesthetic value of music. No music was presented during the task to avoid 
confounding effects of musical material chosen by the experimenter. Data were first analyzed according to 
the frequency of occurrence of different adjectives. Additional valence ratings were obtained for adjectives 
named by at least 5% of the participants. Adjectives named at least twice were surveyed and summarized 
in terms of broad semantic categories. Results show that beauty constitutes the most important aspect to 
describe the aesthetic value of music. The description of music as being ugly, in contrast to objects 
(Jacobsen et al., 2004), seems to be less adequate. Four broad semantic categories were identified: 
“effect”, “emotion”, “value” and “music”. Overall, the large amount of adjectives belonging to the “effect” 
and “emotion” category emphasize the importance of the affective dimension underlying aesthetic 
responses to music. A variety of emotional phenomena ranging from basic emotions to states of arousal 
and relaxation seem to constitute a major conceptual structure for both music experts and laymen. Music-
specific terms (“music”) such as ‘harmonic’ and ‘melodic’ were shown to be a prime concept for the 
aesthetics of music in laymen but not in experts. Group differences were also found for the category 
“value”, with music experts producing more adjectives belonging to this category than laymen. Generally, 
differences between subject groups suggest that the conceptualization of the aesthetic value of music 
partly depends on expertise. However, similarities, especially with respect to the affective dimension of 
music, indicate a common conceptual system among different subject groups. 
 
Jacobsen, T., Buchta, K., Kohler, M. & Schroger, E. (2004). The primacy of beauty in judging the aesthetics of objects. Psychological  

Reports, 94, 1253-60.  
 
Imagery  
 
A.18: Mental reversal of familiar tunes by musicians 
Robert J. Zatorre (Montreal Neurological institute, McGill University, BRAMS), Andrea R. Halpern 
(Bucknell University) & Marc Bouffard (Montreal Neurological institute, McGill University) 
 
robert.zatorre@mcgill.ca 
 
Previous neuroimaging studies to examine auditory imagery for music have used several different mental 
tonal generation tasks. Activation of secondary auditory cortex, several frontal areas, and supplementary 
motor area (SMA) has been consistently observed. We have not previously examined auditory mental 
transformation, which highly trained musicians are able to perform. Here, we devised a mental reversal 
task requiring musicians to determine whether a phrase was an accurate or inaccurate reversal of a 
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designated tune. We anticipated that this task would require extensive use of imagery and working 
memory resulting in activation of secondary auditory cortical and frontal areas. Because of the reversal of 
auditory elements, we predicted that areas known to be involved in visual manipulation tasks might be 
activated as well, including the parietal lobe. 
 
Method:  We tested 12 highly trained right-handed musicians, screened for accurate performance. 
Subjects heard the first phrase of a familiar tune (Forward) in one fMRI frame, followed by a true or false 
reversal (Reverse) in a subsequent frame. Listeners responded with a key press. In a Control condition, 
they heard an unfamiliar musical phrase, with no task required. Testing was carried out in a Siemens 3T 
scanner with conventional T2* weighted BOLD imaging parameters, and a sparse-sampling protocol (TR = 
12 s) which avoids contamination from acoustical noise, and allows sufficient time for the mental reversal 
task to be completed. Images were reconstructed at 8 mm and analyzed using fmristat. 
 
Results and Discussion:  Accuracy recorded in the scanner ranged from 80 to 100%. The contrast of most 
interest was Reverse minus Control. We observed three main areas of activation: bilateral dorsolateral 
and ventrolateral frontal cortex, predominantly on the right, and left superior parietal lobe, but no activation 
of auditory cortex. The frontal sites correspond to regions implicated in aspects of working memory. The 
recruitment of both ventrolateral and dorsolateral areas is consistent with the task requirement of both 
maintaining a representation in working memory and monitoring of that representation during the reversal. 
The absence of auditory cortex activation was surprising, but several previous studies also showed no 
auditory cortical activity when there is no generation of a tune from long-term memory. Auditory areas may 
therefore be necessary only when auditory information is retrieved from or generated from memory. The 
parietal activation is in keeping with prior literature on mental rotation and other tasks requiring 
transformation of elements in a complex stimulus. Parietal involvement may characterize mental 
transformation tasks across modalities. 
 
 
A.19: Components of auditory imagery for music 
Diana Pittman & Andrea Halpern (Bucknell University) 
 
dlp013@bucknell.edu, ahalpern@bucknell.edu  
 
Is auditory imagery unitary, or are there different components of auditory imagery for music? Studies in 
visual imagery show two separable components in imagery ability. Therefore, we looked for parallels in 
auditory imagery. Unlike the division in visual imagery into object and spatial abilities, auditory imagery 
might have a hierarchical form, in which one aspect of imagery builds onto the next. For example, a 
musical object task might require the participant to simply activate an auditory image of a tune, whereas a 
musical tune transformation task might require doing that, but then also manipulating the image in some 
way. 
 
To test this idea, we administered two questionnaires, the Auditory Object Transformation Questionnaire 
(AOTQ), which was newly developed for this project, and the Bucknell Auditory Imagery Scale (BAIS), as 
self-assessments of auditory imagery. The AOTQ has four parts: music object (MO), music transformation 
(MT), verbal object (VO), and verbal transformation (VT), which probe auditory imagery ability. The BAIS 
has two subtests, vividness and control, that probe the participants’ aptitude for calling up auditory images 
and changing them. With these questionnaires acting as predictors, we administered two outcome tasks 
for musical object and musical transformation ability. In the Fragmented Tunes Task, familiar tunes had 
critical structural parts of the song omitted. With each trial, more of the song was played until the full song 
was presented, and participants were asked to identify the tunes. Another task had participants use 
auditory transformation by singing a sequence of notes in reverse. Step-wise regressions using the four 
different types of statements on the AOTQ and the two forms of the BAIS were used as predictors of the 
Fragmented Tunes Task and the Singing Task. MO and the BAIS-vividness were the strongest predictors 
of the Fragmented Tunes Task, accounting for 40% of the variance. The MO and MT statements of the 
AOTQ were the strongest predictors of the Singing task, accounting for 47% of the variance. Although 
both MO and MT, and MO and the BAIS-vividness are both correlated to each other (.63 and .64 
respectively), it seems they do correspond to different aspects of auditory imagery. Musical experience 
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was not a strong independent predictor although musicians self-rated themselves higher on both 
questionnaires and performed better on the outcome tasks. We conclude musical transformation imagery 
builds upon musical object imagery. 
 
 
A.20: Harmonic imagery evoked by implicative intervals 
Christine Beckett (Concordia University, BRAMS)                                            
 
cbeckett@alcor.concordia.ca 
 
When implicative intervals were used to investigate melodic continuations, analyses focused, 
understandably, on melodic concerns. But European melody often meshes with harmony. Are chords 
evoked by implicative intervals? If so, what are these chords’ tonal functions in melodic continuations?  
 
Method: In a pilot study with lecture audience writing notation, minor thirds evoked 92% consonant triads, 
which functioned as tonics in the ensuing melodies. Would more musically trained participants show 
greater variety of harmonic imagery? In the main study, 14 undergraduate jazz majors (3 female) had high 
melodic transcription accuracy (M = 96.7%, SD = 1.9), and >70% accuracy on 3 pre-tests: identifying 
single heard chord qualities (triads; seventh chords; ninth, eleventh

 

, thirteenth
 

chords; sus. alt); identifying 
similar chords which accompanied melodies; writing harmonic analysis of an SATB phrase. Participants 
then heard 12 melodic thirds (M/m; rising/falling; slow/medium/fast), order-randomized over 4 small 
groups (n = 3, 4, 3, 4). Participants saw the given notes on treble staff; kept them as the first two notes of 
continuations composed and notated in silence; and reported what chord they heard in their head during 
each implicative third.  
 
Analysis and results: There were no effects for order, participants’ sex, interval size, speed and direction. 
Data were analyzed with missing values excluded. Chord types were predominantly consonant triads, but 
also dissonant triads, a considerable proportion of sevenths chords, and other forms of chords (sus, 
elevenths, thirteenths, etc). Chord functions were 69% tonic, 13% dominant, 3.6% pre-dominant, and 15% 
unclear (which were excluded from further analysis). Of the clearly functional chords, tonics were 56% 
triads, 20% seventh chords, and 5% all other chord types, for a total of 81% of all function/type 
combinations. Dominant function chords were more strongly seventh chords, and pre-dominant function 
chords were about equally triads, sevenths, and other chords. While triads were preferred as tonics, and 
sevenths were preferred as dominants, seventh

 

chords could, nevertheless, function as dissonant tonics.  
 
Discussion and implications for future research: Music students showed greater variety of harmonic 
imagery than pilot participants. The dissonant tonic—a jazz practice possibly unreported in music 
perception research—merits further investigation: Is this only jazz practice? Is the effect robust? There 
was a strong tendency to image a tonic-anchoring harmony, dominant functions being only 15%, and pre-
dominants 3.6%, of clear choices. Was this a “student” effect? Future research could explore harmonic 
imagery evoked by implicative intervals other than thirds, and participants such as composers, dancers, 
theatre/film/video artists (using non-notational paradigms).  
 
Timbre  
 
A.21: Qualitative description of plucked string tones, between metaphors and science: A 
comparative study of the qin and the guitar  
Ko-shu Sun & Caroline Traube (Université de Montréal)         
 
koshu.sun@gmail.com, caroline.traube@umontreal.ca 
 
The Chinese have developed an extensive descriptive literature on their plucked zither, the Qin, over a 
3000 year period. In recent years, the Qin has also aroused special interest in western research. Recent 
studies on this art form have highlighted the very particular relation between gesture and thought by the 
means of metaphors used by Qin artists. For example, in Qinqu Jichen (Classics on the Qin music), a 
description, with image, of a "swallow that drives out an insect in his flight" was used as a metaphoric 
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instruction for left hand "shifting" (démanché) technique. An ancient Qin player who found an analogy 
between the swallow’s movement and the needed left hand gesture has probably created this image. 
Since then this image and description have been applied to Qin teaching technique and became 
meaningful to all Qin artists. This is only one of the numerous metaphor examples in the Qin literature. 
 
In another cultural context, the classical guitar is another plucked instrument for which have been 
developed subtle tone production techniques. Expert-level guitarists use a rich vocabulary to describe the 
timbre of the tones they produce on their instrument: round, thick, nasal, thin, dark, open, velvety, etc. are 
just a few of the verbal descriptors employed by guitar masters. In this tradition, the use of metaphors is 
also very present, but seems to apply to the description of the sound itself, rather than to the gesture 
necessary in the production of this sound. 
 
In this study, we propose to investigate the cognitive schema linking gestures, sensations and thoughts 
and the place of metaphor in this schema, for both the Qin and the classical guitar. We will identify the 
gesture typology and the perceptual dimensions of plucked string tones that are controlled and varied on 
both instruments. The long-term goal of this study is to highlight the cross-cultural and universal aspects of 
plucked string instruments’ timbre control and perception. 
 
 
Absolute Pitch   
 
A.22: Musicians with absolute pitch perceive the category structure of simple musical sounds 
similarly to musicians with relative pitch 
Vera Leo (University of Turku, Finland), Jyrki Tuomainen (Abo Akademi University, Finland, University 
College London, UK), Heikki Hamäläinen (University of Turku, Finland) & Matti Laine (University College 
London, UK) 
 
j.tuomainen@ucl.ac.uk 
 
An influential view of categorization (perceptual constancy) suggests that perceptual categories are 
organized around prototypes. The “perceptual magnet effect” (Kuhl, 1991) supports this claim and predicts 
reduced sensitivity to changes around the prototype. Contrasting evidence shows that in musical 
categories (such as chords) the prototype might act as a perceptual anchor, instead of a magnet, 
improving sensitivity around it (Acker, Pastore & Hall, 1995). We investigated whether we could, firstly, 
replicate the results by Acker et al., using single piano tones and, secondly, whether musicians with 
absolute pitch would perceive the category structure differently from musicians with relative pitch. 
 
Fourteen experienced musicians participated in the study (7 with absolute and 7 with relative pitch). 
Absolute pitch ability was verified by tone identification, melody transposition and interval identification 
tests. In both experiments, the stimuli were piano tones of 1000 ms from a digital synthesizer ranging from 
A4 (440 Hz) to A#

4 (453 Hz) in 5 cent steps. In the first experiment, the subjects were asked to categorize a 
continuum of 21 stimuli as “A” or “A sharp”. Moreover, on each trial they rated the goodness of the 
stimulus as a category member. The second experiment investigated discrimination accuracy using an 
AX-task. 
 
The results indicated no statistically significant differences between musicians with or without absolute 
pitch in any of the dependent variables. However, discrimination accuracy was significantly better around 
the prototype than non-prototype, with no differences between A and A# categories. Furthermore, there 
were no significant differences between the relative locations or distances between the prototype and non-
prototype in the two categories. 
 
Our results support the findings by Acker et al. (1995) and extend them to simple music notes providing 
further evidence that in musical categories the prototype may act as a perceptual anchor instead of a 
magnet. Furthermore, the lack of group differences suggests that the ability to accurately label a given 
note by those possessing absolute pitch does not qualitatively change sensitivity around the prototypical 
and non-prototypical instances of the category. Finally, the fact that the subjects showed similar 
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discrimination sensitivity and goodness ratings for both the prototype and the non-prototype for the two 
notes (A4 and A#

4) suggests that longer practice with one category (e.g., A4 is used in tuning the 
instruments) does not alter behavioral performance. We suggest that the discrepancy in discrimination 
accuracy between musical and speech categories is due to different functional demands. In effect, in 
musical performance accurate tuning of instruments (low variance) is mandatory for good performance, 
but in speech perception systematic variance provides important cues to phonetic categories. 
 
 
A.23: The network involved in pitch labeling in absolute pitch musicians differs from non-absolute 
pitch musicians and non-musicians  
C.Carolyn Wu, Ian. J. Kirk, Jeff P. & Vanessa K. Lim  (University of Auckland, New Zealand) 
 
carolyn.wu@auckland.ac.nz 
 
Musicians with absolute pitch (AP) possess the rare ability to immediately recognise or reproduce tones of 
specific pitch without the aid of an external reference tone. The neural substrates of AP have been 
investigated for some time, due in part to relevance in understanding the capabilities of the human brain 
for plasticity in general. Recently, by using source estimation techniques from magneto-encephalographic 
potentials, it has been found that during a pitch labeling task, AP musicians show bilateral activation of 
dipoles that generate the N1m component, whereas in non-AP musicians a generating dipole occurs only 
in the left hemisphere (Hirose et al., 2004).  
 
The present study used electroencephalography to investigate the equivalent N1 component. AP 
musicians, non-AP musicians, and non-musicians were compared in three conditions in order to 
investigate potential differences in neural substrates involved in the distinct processing shown by AP 
musicians. The tasks included a baseline condition which did not involve labeling, a labeling task where no 
reference note was given, and an additional relative judgment labeling task that provided participants with 
a reference tone.  
 
Source localisation differences were examined using low-resolution electromagnetic tomography 
(LORETA). No significant differences between groups were found for the baseline or relative judgment 
tasks, suggesting that both musician groups activate similar networks to process this information. In 
contrast, a significant difference was found between AP and non-AP musicians for the labeling task in 
which a reference tone was not presented. AP musicians demonstrated more activation in both left and 
right auditory regions, with a greater increase in the left hemisphere. This suggests that the two 
hemispheres may have separate roles for pitch processing, as claimed by previous studies that have 
suggested that the height of the tone is analysed in right auditory cortex whereas assigning pitch names 
involves the left. The greater increase in the left hemisphere suggests that AP musicians are able to 
recognise and assign labels spontaneously and thus are able to recruit left auditory regions effectively.  
 
The current findings suggest that when required to label tones without the aid of a reference note, AP 
musicians are able to utilise the neural network involved in pitch processing more efficiently than non-AP 
pitch musicians and non-musicians.  
 
 
A.24: Cues for key modulation detection: New scale tones vs. cadence in a new key  
Jung Nyo Kim & Ji Chul Kim (Northwestern University) 
 
jung-kim@northwestern.edu 
 
Key modulation is one of the important aspects that represent the dynamic changes in music, and its 
perception is essential for music appreciation. However, there are few empirical studies that investigate 
cues for modulation detection. In general, cadence in a new key is thought of as one of the strongest cues 
for modulation detection (Krumhansl & Kessler, 1982; Schenker, 1954). However, repetitive occurrence of 
new scale notes that are accidentals in the previous key context also seems to be a strong cue. Listeners 
are likely to rely on the two cues in differing degrees, and we can speculate that absolute pitch (AP) 
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possessors, who are known to depend more on individual pitch information rather than the relation 
between them (Miyazaki, 1992; 1993; 1995), may tend to rely more on the occurrence of new scale tones 
than non-AP possessors do. This study aims to investigate the relative importance of the two cues and its 
relation with the degree of absolute pitch (AP) possession.  
 
Music students will be recruited from Northwestern University and asked to push a button when they are 
sure a key change has occurred while listening to continuously modulating arpeggiated chord 
progressions. The stimuli are alternating sequences of ‘key-establishing phrases’ and ‘modulating 
phrases.’ A key-establishing phrase (4.8 s long) is a conventional harmonic progression that ends on a 
cadence. A modulating phrase (3.6 to 8.4 s long) begins in the key of the previous key-establishing 
phrase, and modulates to a new key via a pivot chord. The length of modulating phrases and the position 
of pivot chords in the phrases are varied systematically to investigate which of the two cues individual 
participants rely more on. After the experimental session, the AP scores of the participants will be 
acquired by Miyazaki’s (1995) method.  
 
We expect that the location of modulation detections will differ individually according to the AP scores of 
the participants. Listeners without AP are likely to use the cadence cue more so that their response would 
be concentrated right after the cadences in new keys. On the other hand, listeners with more precise AP 
would depend more on new scale tones so that they tend to respond before hearing the cadences in new 
keys, given enough number of occurrences of new scale tones. We will analyze the correlation between 
response locations and the AP scores.  
 
 
Development/Children I 
 
A.25: Infants’ encoding of the ‘beat’ from movement generalizes to novel rhythms 
Jessica Phillips-Silver (Université de Montréal, BRAMS) & Laurel J. Trainor (McMaster University) 
 
jessica.phillips-silver@umontreal.ca 
 
Seven-month-old infants can encode the metrical structure of an ambiguous rhythm pattern from body 
movement. Phillips-Silver and Trainor (2005) had infants listen for two minutes to a six-beat auditory 
rhythm pattern that was ambiguous in metrical structure (i.e., without accented strong beats, the pattern 
could be interpreted as three groups of two beats, « duple form », or as two groups of three beats, « triple 
form ». During the two minute training period, to disambiguate the metrical interpretation and to bias the 
infants’ auditory representation of the rhythm, infants were bounced in the arms of an experimenter either 
on every second beat (in duple form) or on every third beat (in triple form). A subsequent preference test 
showed that the infants recognized as familiar an auditory accented version of the rhythm that matched 
their own bouncing experience, indicating that the movement biased their metrical interpretation of the 
rhythm pattern. In the present study we tested the hypothesis that infants’ encoding of the ‘beat’ from this 
training experience is not limited to the original rhythm pattern, but rather generalizes to novel rhythms. 
 
We trained infants with the same listening and bouncing experience but the preference test consisted of 
novel rhythm stimuli (with a microbeat pulse consistent with the original rhythm stimulus) in duple and 
triple forms. A repeated measures ANOVA showed that the infants had a significant preference for the test 
stimulus with the metrical structure corresponding to their movement experience, indicating that the infants 
recognize the metrical beat in the novel stimulus. These findings suggest that the infants’ auditory 
encoding was not limited to the specific training rhythm, but reflected a representation of the ‘beat’, which 
transferred to novel rhythm patterns. Results of these studies and the current developmental evidence for 
meter perception support the idea that the process of feeling the beat in music begins early in life. 
 
 



57 
 

A.26: Developmental changes in motor skill learning 
Tal Savion-Lemieux, Jennifer A. Bailey (Concordia University) & Virginia B. Penhune (Concordia 
University, BRAMS) 
 
t_savion@alcor.concordia.ca 
 
Throughout life a vast array of motor skills are learned. While certain skills, such as walking, are largely 
innate, others, such as playing the piano, are mainly acquired through practice. Previous work from our 
laboratory (Watanabe et al., 2007) has shown enhanced motor performance in musicians who began their 
training before the age of seven compared to those who began training after seven. While this can be 
taken as evidence of a sensitive period for musical training, we know very little about the developmental 
changes in motor learning that may impact a child’s ability to acquire musical skills. The goal of the 
present study was to study motor skill learning in children using a multi-finger sequence task (MFST) that 
is similar to playing the piano. 
 
We collected three cross-sectional samples of healthy right-handed children between the ages of 6 and 10 
[6 years (n = 10); 8 years (n = 10) and 10 years (n = 10)], and a sample of adults (n = 16). The MFST (a 
variant of the serial reaction time task) requires participants to reproduce a 10-element sequence of key-
presses on an electronic keyboard using four fingers of the right hand. Testing occurred on two 
consecutive days. On Day 1, participants received three blocks of practice; on Day 2, participants received 
two blocks. 
 
Preliminary analyses of data from 8 yrs., 10 yrs. and adults, showed that for learning across blocks on Day 
1, Adults and 10 YRS. were significantly more accurate than 8 YRS., but Adults and 10 YRS. did not 
differ. For response synchronization, adults were significantly more synchronous than children on the first 
two blocks of learning, but by the third block 10 YRS. reached adult performance, whereas 8 YRS. did not. 
When comparing the last block of learning on Day 1 to the first block on Day 2, only the 8 YRS. showed 
significant improvements on the more explicit measure of learning. In contrast, for response 
synchronization all groups showed significant improvements between Days 1 and 2, although adults 
showed overall better performance. Taken together, these findings provide partial support for the 
developmental invariance model. 
 
Findings from this project will give us a better understanding of developmental changes in motor skill 
learning capacity. This will give us new information about the developmental contributions to motor 
learning that may impact children’s readiness for musical training. 
 
 
A.27: Recognition of a transposed melody by two-month-old infants 
Judy Plantinga, Rosa Italiano & Laurel J. Trainor (McMaster University) 
 
LJT@mcmaster.ca 
 
Experience with sound begins before birth, but little is known about the musical processing abilities of 
infants younger than five months. Most research on complex auditory perception in the first months after 
birth has been done with speech stimuli, but infants appear to have the capabilities necessary for the 
perception of music at birth or soon after. Neonates can use pitch contour and rhythm patterns to 
categorize words (Nazzi, Floccia, & Bertoncini, 1998) and to distinguish between their native language 
and an unfamiliar one (Mehler et al., 1988; Moon, Cooper, & Fifer, 1993). Third trimester fetuses 
(DeCasper, Lecanuet, Busnel, Deferre, & Maugeais, 1994) and neonates (DeCasper & Spence, 1986) 
demonstrate recognition for a poem or story that their mothers read repeatedly during the last trimester of 
pregnancy, which implies the ability to recognize not only the general intonation patterns of a particular 
language, but the specific pitch and rhythm patterns of a repeated speech passage. At two months they 
can also discriminate tempo changes to an isochronous tone sequence (Baruch & Drake, 1997). Thus, 
very young infants are capable listeners and appear to have the ability to perceive the characteristics of 
sound necessary for the perception of music. 
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We are testing the ability of 2-month-old Infants to recognize a familiar melody in transposition. Half of the 
infants are presented with 30 repetitions of one five-note melody, and half with another 5-note melody. 
After familiarization, an eye-movement preference procedure is used to test memory for the familiar 
melody. This procedure is similar to the head turn preference procedure used with older infants except 
that the infants control the length of stimulus presentation through their eye movements rather than head 
turns (i.e., when the infant looks away, the trial ends). Infants are presented with the familiarized melody in 
transposition when they look at a visual target on one side of a computer screen and with the novel 
melody when they look at a visual target on the other side of the computer screen (side randomized 
across infants). Infants listened longer to the novel than to the familiarized melody, t(20) = 1.859, p = .04 
(one-tailed), indicating that they recognized (and were bored by) the familiarized melody in transposition. 
Thus, infants as young as 2 months are able to make relative-pitch representations of simple pitch 
patterns. 
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Thursday, August 2 
 
Morning 
 
8:20 – 10:20 Session 15 (Symposium):  Music in multimedia:  

Theoretical, empirical, and pedagogical perspectives       H 435 
  Organizer: Scott  D. Lipscomb (University of Minnesota)  
 
 
Summary:  As a multi-billion dollar industry spreading its influence across globe, the motion picture 
industry and other forms of multimedia have emerged as cultural artifacts with a high degree of 
sociological significance. Since the late 1980s, numerous researchers have turned their empirical lens 
upon the processes involved in audience perception of this shared experience within our culture. The 
purpose of this symposium is to demonstrate the many different approaches – theoretical, empirical, and 
pedagogical – to the serious study of multimedia. 
 
Providing a theoretical perspective informed by over two decades of empirical research, Annabel Cohen 
(2001, 2005) has proposed the Congruence-Association Model to account for the effects of music in film 
perception, emphasizing the audience’s creation of a working narrative that is a “best match” between 
expectations and the information arising from visual scenes, text, speech, sound effects, and music. In 
the present paper, she takes a developmental perspective, arguing that our understanding of how music 
influences multimedia perception can benefit from jointly considering brain plasticity (learnability) across 
the lifespan in conjunction with the sensory experiences that prevail particularly in the early years. John 
Hajda investigates the effects on expectancy of musical underscoring and visual elements in Hollywood 
films. In his study, participants wrote plot and genre summaries based on their viewings of original and 
"fake" (music and visual elements from films of different genres) opening credit clips. These qualitative 
data were subjected to content analysis and results are reported in light of findings by other researchers 
as well as quantitative mood and effectiveness ratings collected for the same stimuli during an earlier 
study. Mark Shevy’s work deals with the interaction between the mood associated with music and specific 
film elements of varying valence and dominance. Shevy examines whether music of a particular mood 
has more or less effect on evaluation of positive vs. negative and dominant vs. secondary elements within 
a video, how music affects the correlation between these elements, and an overall summary evaluation of 
the video. Roger Kendall investigates the stratification of melodic and temporal contours as they apply to 
goodness of fit between visual and melodic contours. The results of two experiments – one using 
monophonic musical patterns and simple, single-object animations, the second incorporating two-part 
polyphony in both the musical and visual domains – assist in determining cognitive criteria for “best fit” 
between these two modalities. Mark Kerins and Scott Lipscomb build upon their past research 
investigating the affect of presentation mode (stereo vs. surround sound) in both cinematic and music 
listening contexts. Participants in their study responded on verbal scales specifically intended to focus on 
factors related to “immersiveness.” Significant differences between levels of musical training, levels of 
visual training, cinematic/musical genre, and presentation mode will be presented. Finally, providing a 
pedagogical perspective, Pantelis Vassilakis describes film music research as a “scattered field,” 
consisting of isolated efforts by researchers working within a wide variety of disciplines. Designing 
university film music courses, as a result, presents a challenge that offers opportunities to construct a 
more coherent picture of the field, identify interdisciplinary trends, and allow the accomplishments from 
diverse approaches to inform one another and benefit the design and focus of future film music cognition 
research. 
 
The numerous perspectives and approaches to the study of musical multimedia represented within this 
symposium will significantly enhance our understanding of common experiences within our culture and 
will serve to inform the music psychologist, music educator, composer, animator, and many others 
interested in related fields of inquiry. 
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15.1: (8:20 – 8:40)  
The Congruence-Association Model (CAM) of music and multimedia: Developmental origins and 
implications  
Annabel Cohen (University of Prince Edward Island)                                                           
 
acohen@upei.ca 
 
The present paper proposes a developmental theory of the role of music in multimedia contexts. The 
theory synthesizes two lines of the author’s research in music cognition, each guided by its own theory. 
One line focuses on the role of music in multimedia, and the other focuses on the acquisition of musical 
knowledge across the lifespan. 
 
The Congruence Association Model (CAM) was developed to explain the role of music in multimedia 
contexts (e.g., Cohen, 2001, 2005). The model considers innate predispositions for structuring 
information (congruencies) and the influence of past experience on media perception (associations). CAM 
assumes that the goal of the audience is to make sense of information presented from five information 
channels: text, visual scenes, speech, music, and environmental sound. Achieving the goal entails 
generating a moment-to-moment working narrative, a story integrating the multimedia sensory information 
received with interpretive long-term memory schemata. In considering a number of factors in one time 
slice, CAM is a synchronic theory. As will be briefly reviewed, the theory has been useful to ongoing 
research that investigates how film-music influences absorption in a film.  
 
The second line of research has taken a developmental approach to understanding the acquisition of 
musical knowledge or musical grammar. It has been guided by a diachronic plasticity model of musical 
knowledge acquisition (Cohen, 2000) which adapts the notion of a sensitive period for language 
acquisition to the acquisition of musical grammar and musical taste. The research has led to the proposal 
of a sensitive period for music that follows the preadolescent sensitive period for language. The later 
sensitive period is consistent with recent findings on adolescent brain development (Dahl & Speer, 2004). 
This plasticity model suggests the possibility that preference for or comprehension of different forms of 
media may lock in at particular sensitive periods in the early lifespan due to an interaction between 
neurobiology and specific media exposure. 
 
Merging the synchronic (CAM) and diachronic (developmental plasticity) models provides a foundation for 
mapping the development of the audience mind. The developmental model ultimately would predict the 
impact of specific media exposure on the audience mind at specific times during the lifespan. This 
synchronic/diachronic model can help us to understand the short- and long-term impact of music 
presented in multimedia contexts. It also has consequences for designers of educational multimedia. 
 
 
15.3: (9:00 – 9:20)  
Semantic congruence, valence, dominance, ambiguity, and cognitive effort: Factors that may 
account for the varying effect of music mood on audience evaluation of multiple elements co-
occurring within a video 
Mark Shevy (Boise State University)                                                                              
 
mshevy@nmu.edu 
 
The mood communicated by film music might prompt audiences to make cognitive inferences about 
elements in a film such as an evaluation of whether a character or situation is good or bad. However, in 
most films, there is more than one element shown while the film music plays. For example, there may be 
a protagonist shown in an oppressive world. This raises questions of whether the influence of mood 
communicated by music is equally strong on the evaluation of different elements within a film segment. 
While there has been limited research on how music affects memory for multiple elements within a single 
film (e.g., Boltz, 2004), there has been even less research on music’s effect on evaluation or other forms 
of meaning-making for multiple film elements. Marshall & Cohen (1988) is one example where this has 
been studied using a film of simple geometric figures. 
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The present research investigated the influence of the mood of two examples of instrumental rock music 
(ominous and happy) on audience evaluation of two video elements that differed in positive/negative 
valence and dominance (a positive, dominant character and a negative, secondary world) within a single 
video. Two broad questions were addressed: Does music mood affect evaluation of the elements 
according to semantic congruence, and how does music mood impact the relationship between 
evaluation of individual film elements and the overall evaluation of a film as a whole. In an experiment, 
106 undergraduates were randomly assigned to one of three conditions: a video with happy rock music, 
the same video with ominous rock music, or the video with no music. Results showed that happy music 
increased positive evaluation of the negative secondary element (the world) and strengthened its 
correlation with overall video evaluation to a level equivalent to that of the positive dominant element (the 
main character). It also showed that the presence of music strengthened the correlation between the 
positive and negative elements, suggesting that music systematically influenced both of elements in a 
music-congruent direction to a limited extent. These results are discussed in terms of the Congruence- 
Association Model (CAM) (Cohen, 2001), cognitive schemas (Boltz, 2004), evaluative ambiguity, and 
cognitive effort. 
 
Boltz, M. G. (2004). Memory & Cognition, 32(7), 1194-1205. 
Cohen, A. J. (2001). In P. N. Juslin & J. A. Sloboda (Eds.), Music and emotion: Theory and research (pp. 249-272). Oxford: Oxford  

University Press. 
Marshall, S. K., & Cohen, A. J. (1988). Music Perception, 6(1), 95-112. 
 
 
15.4: (9:20 – 9:40)  
Perception of stratification in musical and visual structures 
Roger A. Kendall (University of California, Los Angeles)                                                   
 
Kendall@ucla.edu 
 
Introduction: Stratification of melodic and temporal contours has been studied by Jones and Boltz, 
Monahan, and others.  The present experiments approach the perception of multimedia patterns. The 
principal focus is the perceived goodness of fit between visual contours and melodic contours. 
 
Experiment 1: In this experiment, partially presented at ICMPC9, monophonic musical patterns are 
superimposed on animations consisting of the motion of a simple object (filled circle) in two dimensions (x 
= time and y = height). Five melodic contour patterns are employed (all are temporally isochronous 16th 
triplets):  Descending chromatic scale (C6 – C5), ascending chromatic scale (C5-C6), an arch contour 
pattern (scale degrees on C5:  1,2,3,4,3,2 repeating), an undulating contour pattern (scale degrees on C5:  
1,2,3,4,3,2,1,7,6,5,6,7 repeating). Two additional temporal contours on a single C5 pitch chroma with 
decreasing interonset interval (IOI) and increasing interonset interval are employed to investigate whether 
simple temporal contour patterns are perceived to fit the visual contours. All combinations of musical 
contours and visual contours were combined and sequenced in random order. Subjects rated the degree 
of fit on a 100-point scale.  The inferential analysis consists of a mixed design within-between repeated 
measures ANOVA. Results of this experiment indicate strong ratings of fitness for the descending and 
ascending visual contour and chromatic scalar melodic contours, followed by arch contours. Arch melodic 
contours were rated for high fit in a number of visual contexts, including the spin animation. In general, the 
temporal contour fit for the spin did not have high fit as hypothesized, but the melodic contours and visual 
contours were highly rated. 
 
Experiment 2: In this experiment, selected melodic and visual contours of Experiment 1 are placed in two-
part superposition. Subjects rated the degree of fit responding to these two-part visual and musical 
contour superpositions. Data analysis again consists of a mixed design within-between repeated 
measures ANOVA. Results will be compared across experiments to determine subjects’ criteria for fitness 
and evidence that hypothetically predicted relationships of melodic and visual contours form the best fit. 
 
15.5: (9:40 – 10:00)   
Presentation mode in cinematic and music listening experience: An experimental investigation 
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Mark Kerins (Southern Methodist University) & Scott D. Lipscomb (University of Minnesota) 
 
lipscomb@umn.edu 
 
Objectives & Background:  Almost all theatrical releases today utilize soundtracks mixed for a 5.1-channel 
surround sound environment, demonstrating the film industry’s implicit assumption that different modes of 
sound presentation result in significant change to the experience of audience members. However, there is 
little experimental investigation into this specific relationship, a void that is being filled by an ongoing 
series of experiments. 
 
In previous studies (Kerins & Lipscomb, 2003; Lipscomb & Kerins, 2004), the present authors studied the 
influence of the sound systems used in motion picture exhibition on audience judgments of the films 
themselves (monophonic, 4-channel Dolby Pro Logic, and 5.1 Dolby Digital) and music listening (stereo 
and 5.1 surround sound). In the present study, the authors reexamined the effect of presentation mode 
using a method similar to, but with important differences from, that of the previous studies.  
 
Method:  Seventy participants rated each excerpt on a series of 11 verbal attribute magnitude estimation 
scales (VAME; Kendall & Carterette, 1993) representing the Evaluative, Potency, and Activity Dimensions 
identified by Osgood, Suci, & Tannenbaum (1957). In addition to the VAME scales employed in the 
previous studies, additional scales attempting to highlight the “immersiveness” factor of the films were 
included. Most important, presentation mode was incorporated into the experimental design as a within-
subjects variable within a block-design paradigm so that all participants were exposed to excerpts 
representing both presentation modes. This constitutes a significant methodological improvement over 
previous investigations. 
 
Results:  Responses to each verbal scale were subjected to analyses of variance, with two between-
subjects variables (musical training, visual training) and two within-subjects variables (cinematic/musical 
genre, presentation mode). Details concerning statistically significant differences that emerged will be 
provided during the presentation and suggestions for future research will be proposed. 
 
Kendall, R.A. & Carterette, E.C. (1993). Verbal attributes of simultaneous wind instrument timbres: I.von Bismarck adjectives. Music  

Perception, 10(4), 445-467. 
Kerins, M. & Lipscomb, S. D. (2003). Study of audience perception of sound modes in cinema. Paper presented at SMPC 2003, Las  

Vegas, NV. 
Lipscomb, S. D. & Kerins, M. (2004). An empirical investigation into the effect of presentation mode in the cinematic and music  

listening experience. In S. D. Lipscomb, R. Ashley, R. O. Gjerdingen, & P. Webster (Eds.), Proceedings of ICMPC8, 528- 
533. Sydney, Australia: Causal Productions. 

Osgood, C.E., Suci, G.J., & Tannenbaum, P.H. (1957). The measurement of meaning. Urbana:University of Illinois Press. 
 
 
15.6: (10:00 – 10:20)  
Interdisciplinary challenges and potential in film music course design 
Pantelis N. Vassilakis (DePaul University)                                                           
 
pantelis@acousticslab.org 
 
Film music research appears to be a scattered field, consisting of largely isolated efforts by researchers 
working within a wide variety of disciplines. The majority of work has been and is still being produced 
within the areas of music criticism, aesthetics, theory, composition, and history. The last two decades 
have seen a gradual development of an empirical body of work on image/sound and image/music 
relationships that draws from perceptual and cognitive literature and is steadily growing (review in Cohen, 
2005). How music influences the interpretation of film and video. Selected Reports in Ethnomusicology, 
12: 15-36]. Like most empirical research, this work focuses on the reliability end of the reliability/validity 
continuum and produces results whose broader relevance to film music making and listening is not easily 
communicated to and appreciated by non-empirical film music scholars. Non-empirical work on the topic, 
which has had a longer tradition, contributes important qualitative insights to the function, significance, 
and meaning construction and communication potential of film music. However, it does not approach the 
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questions of interest in a manner systematic enough to support formulation of a rigorous film music 
theory. 
 
University film music courses provide a unique context for productively addressing this diversity and an 
opportunity to construct a more coherent picture of the field, identify interdisciplinary trends, and allow the 
accomplishments from diverse approaches to inform one another and benefit design of future film music 
cognition research. Currently, several university programs offer film music courses that explore the 
potential of this opportunity. The presentation will outline a film music course offered at DePaul 
University’s School of Music and nominated for the 2007 Greenhouse Exemplary Course Award 
(Blackboard User Community). It will discuss the challenges and potential of bridging empirical and 
phenomenological approaches to film music and examine how such bridging can benefit film music 
understanding in general and film music cognition research in particular. 
 
 
 

Thursday August 2 Morning  
 
8:40 – 10:20 Session 16: Neurophysiological responses to complex  

musical stimuli                H 415 
Moderator: Robert Zatorre (Montreal Neurological Institute, McGill, BRAMS) 

 
16.1: (8:40 – 9:00) 
Changes in melodic pattern perception over the first few months after birth: Electrophysiological  
evidence  
Chao He, Lisa Hotson & Laurel J. Trainor (McMaster University)                                      
 
LJT@mcmaster.ca 
 
Infants are attracted to the pitch patterns of music and to the large intonation contours of infant-directed 
speech. Caregivers in all cultures sing to infants. However, research on infants' perception of melody has 
been largely restricted to infants 5 months and older because behavioural methodologies are difficult to 
carry out with younger infants when the stimuli and tasks are complex. We are examining event-related 
potentials (ERPs) derived from EEG recordings in order to investigate the development of pitch and pitch-
pattern processing in infants between 2 and 4 months of age. We use an oddball paradigm in which a 
standard pitch or a standard pitch pattern repeats in 80% of trials. On deviant trials, the pitch or pitch 
pattern is changed, and we measure the brain's response to that change. For a simple change in pitch 
(C5 to C#

5), the ERP difference wave (deviant wave – standard wave) in 4-month-olds looks 
morphologically similar to that of adults, with a prominent negativity, termed a mismatch negativity 
(MMN), peaking around 200 ms after onset of the deviant pitch. However, in 2-month-olds, the only 
prominent component in the ERP difference wave is a slow positivity. Both the MMN and slow wave 
components are generated in auditory areas. At 3 months, both components are present and 
superimposed. Thus, although the presence of significant ERP components at all ages tested in response 
to a change in pitch 
indicates that all infants can detect that change, cortex undergoes tremendous maturation between 2 and 
4 months of age and infants at different ages are using different processing mechanisms. 
 
When tested with a change in a pitch pattern (standard: C5 - F

#
5; deviant: F#

5 - C5), 4-month-olds show an 
MMN response, but 2-month-olds show no significant response, either MMN or positive slow wave. This 
suggests (1) that the slow wave may reflect processing of simple sound features such as pitch, but not 
complex sound features such as pitch patterning, and (2) that the auditory cortex of 2-month-olds is too 
immature to support pitch pattern processing. Most models of pitch pattern perception in adults suggest 
that regions beyond the primary auditory cortex are involved. Our results suggest, however, that 2-month-
old infants may process pitch patterns differently, perhaps making substantial use of subcortical areas. 
 
16.2: (9:00 – 9:20)  
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Attending to complex auditory rhythmic stimuli: An fMRI study  
Heather L. Chapin, Edward W. Large & Theodore P. Zanto (Florida Atlantic University) 
 
Chapin@ccs.fau.edu 
 
The aim of this study was to explore neural activation related to rhythmic auditory attending. According to 
the dynamic attending hypothesis, attending temporally coordinates neural processes with external 
rhythmic events. Dynamic attending facilitates event perception, and is thought to enable memory coding 
of rhythmic patterns. A rhythm reproduction task was used to investigate the role of attending in 
perceiving, remembering and reproducing complex rhythmic patterns. Auditory stimuli were ten 
syncopated patterns in which half of the auditory events fell on metrically weak beats. We manipulated 
attention in two experimental conditions. In the attend condition, subjects were asked to attend to a 
repeated rhythmic pattern, mentally rehearse the pattern, and reproduce the pattern by tapping on a MIDI 
drum pad. In the ignore condition, participants engaged in a verbal memory task. The distracter task 
involved studying a visually presented list of words, remembering the words during a retention interval, 
and verbally recalling the words. In both attend and ignore conditions, the rhythmic auditory stimulus, and 
the visual stimulus were presented simultaneously. Brain activation (BOLD) was imaged using a 3T GE 
Medical Systems Signa scanner. Using a sparse sampling methodology, images were collected every 12 
seconds, dividing the experiment into four phases: acquire (three pattern presentation cycles), attend 
(three additional presentation cycles), rehearse (three cycles) and reproduce (three cycles). The initial 
acquisition phase was required for beat induction and pattern acquisition, while in the next three cycles 
participants could attend to and memorize the pattern. We tested whether participants successfully 
attended to (or ignored) the pattern by examining the reproductions. If patterns were reproduced correctly 
(or more than three words were correctly reported) we concluded that the participant had successfully 
attended to (or ignored) the rhythmic pattern, and these trials were analyzed. Attending, compared to 
ignoring the rhythms resulted in increased activity in bilateral anterior cingulate (BA 24 and 32), and 
medial frontal gyrus (BA 9). Anterior cingulate and prefrontal areas have been previously implicated in 
attention and expectancy, and appear here to be related specifically to rhythmic attending. Interestingly, 
attending also resulted in similar anterior cingulate and prefrontal activations, as compared with 
acquisition of rhythmic patterns. Thus, activity in these areas increases after initial beat induction and 
pattern acquisition. Compared with rest, rhythmic attending recruited activity in right basal ganglia and 
SMA, areas known to play a role in motor behavior. Implications for the theory of dynamic attending are 
discussed. 
 
 
16.3: (9:20 – 9:40) 
Time and music: Attention to duration and attention to pitch rely on similar cortical structures 
Eugene Narmour, Elaine Wencil, Anjan Chatterjee & John Detre (University of Pennsylvania) 
 
enarmour@sas.upenn.edu 
 
Neuropsychological data have suggested that different subcomponents of music perception, such as 
rhythm and pitch, can be independently disrupted following brain injury. However, a paucity of research 
examining the neural structures supporting pitch versus duration remains. We previously demonstrated 
that the inferior parietal cortex mediates attention to brief durations. It remains unknown whether the 
inferior parietal regions activated during timing tasks subserve a general selective attention mechanism or 
are specific to temporal attention. In the current study we identified neural regions that support attention 
to musical durations and relative pitch height and probed regions to determine if attention to pitch is 
anatomically distinct from attention to duration. Eleven subjects performed an auditory discrimination 1-
back task to identical sequences of complex tones that varied in duration and relative pitch height during 
fMRI acquisition. Subjects were trained to attend to either the duration or final pitch of the current tone 
and then compare it to the previous tone in terms of length or higher/lower height. Behavioral measures 
suggest equivalency of the two conditions (RT: t = 0.18; p = 0.86, Accuracy: t = 0.19; p = 0.86). Attention 
to duration revealed bilateral superior temporal, cerebellum, superior frontal, SMA, right frontal 
operculum, inferior parietal and middle frontal activations. Similarly, attention to pitch revealed bilateral 
superior temporal, cerebellum, frontal operculum, and SMA activations. Critically, bilateral superior 
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temporal and inferior parietal cortex showed greater activation to attention to duration than attention to 
pitch direction. Attention to durations might rely on parts of a general auditory attentional system that 
controls attention to pitch. 
 
 
16.4: (9:40 – 10:00)  
Selective attention to one of two competing auditory rhythms increases intrahemispheric 
coherence of brain responses to the attended rhythm 
John R. Iversen, Yanqing Chen & Aniruddh D. Patel (The Neurosciences Institute, CA, USA) 
 
iversen@nsi.edu 
 
When listening to multiple competing rhythms, what brain mechanisms might enable us to attend to and 
synchronize with one rhythm while resisting the influence of other rhythms? We addressed this question 
by measuring brain responses while participants tapped along with one of two simultaneously presented, 
competing metronomes. An underlying question is whether selective attention is mediated by local 
mechanisms or by mechanisms requiring changes in the coordination of brain activity in different regions. 
 
Participants (n = 8) were presented with two stimuli dichotically. A sinusoidal carrier (800 or 400 Hz) was 
sinusoidally amplitude modulated (38 or 42 Hz) to evoke separate auditory steady state responses 
(aSSRs) at the two AM frequencies, which were measured using magnetoencephalography (MEG). An 
isochronous rhythm was impressed upon each sound by transiently increasing the amplitude of the 
stimuli, with an inter-onset interval of 801 or 751 ms respectively. During 60 second trials (n = 20), 
participants were instructed to attend to, and tap in synchrony with, one of the metronomes while ignoring 
the other stimulus. The task was difficult enough as to require concerted attention. The timing of 
participants’ taps was collected along with brain responses. Differences in the aSSR between attended 
and unattended trials were measured, focusing on partial coherence, a measure of the relatedness of 
brain responses measured at different sensors, once the influence of a common input has been removed. 
 
A large increase in cross-hemisphere partial coherence of brain responses to the attended stimulus was 
consistently observed in all eight cases for the 38 Hz tag, and six of eight for the 42 Hz tag. This result is 
consistent with a higher degree of functional coupling between auditory cortical regions in the two 
hemispheres, suggesting that selective attention to a rhythm involves an increase in temporally 
coordinated activity between distant brain areas. Supported by The Neurosciences Research Foundation. 
 
 
 

Thursday August 2 Morning 
 
10:40 – 12:00 Session 17: Chord/interval perception                 H 435 
  Moderator: Lola Cuddy (Queens University) 
 
17.1: (10:40 – 11:00)  
Memory for musical intervals: Cognitive differences for consonance and dissonance  
Susan E. Rogers and Daniel J. Levitin (McGill University)                                 
 
susan.rogers@mail.mcgill.ca 
 
A fundamental aspect of musical intervals is the distinction between consonance and dissonance. 
Consonant intervals are judged harmonious, smooth or pleasing; dissonant intervals as inharmonious, 
rough, or unpleasant. Infants, children, and adults display heightened sensitivity to, and a preference for, 
consonant over dissonant musical intervals. To explore a possible cognitive basis for this distinction, the 
sensory and musical consonance/dissonance of pure-tone dyads was manipulated in a short-term 
memory task. Eight musicians and eight non-musicians listened to sequentially presented dyads that 
varied along two categorical continua: sensory consonance/dissonance and musical 
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consonance/dissonance. The stimulus set consisted of 72 two-tone chords (dyads): 16 were consonant 
by both musical and sensory descriptions, 16 were dissonant by both descriptions, and 40 were 
categorically ambiguous. Each dyad was heard twice, separated by as few as 0 or as many as 6 
intervening dyads; at each trial participants judged whether a dyad was novel or familiar. At long retention 
periods, non-musicians showed greater recognition for musically dissonant dyads than musically 
consonant dyads, but showed no differential memory for sensorally consonant and dissonant dyads. 
Musicians had higher recognition scores for categorically ambiguous dyads than those dyads 
unequivocally described as consonant or dissonant. Both groups recognized dyads well beyond the 
generally understood auditory short-term memory limit of 30 seconds, despite interference from other 
sounds and the presumed inability to verbally or visually encode the stimuli for long-term storage. 
 
A plausible explanation for the observed results is that some dyads were similar along a particular 
sensory or perceptual dimension and thus formed psychological sub-sets. The dimensions along which 
dyads grouped are preliminary evidence for natural categorization of musical intervals, with criteria for 
category membership driven more by frequency ratio than frequency distance, even in the absence of 
musical training. Differential memory for consonance and dissonance implies processing differences in 
the computation of musical intervals and suggests that certain auditory features are particularly robust in 
short-term memory.  
 
 
17.2: (11:00 – 11:20)  
Computational models of atonal chord similarity based on perceptual factors: Background and 
initial results  
Art Samplaski (Ithaca, NY, USA)                                                                                
 
agsvtp@hotmail.com  
 
In recent years, several groups have conducted empirical studies on what perceptual factors might 
underlie the similarity of atonal chords (Kuusi 2001; Samplaski 2000; Williamson & Mavromatis 1999). 
These groups used different methodologies, so their results differ somewhat. However, at least one 
common factor seems related to the presence and location of semitones within chords. Other factors such 
as the acoustical dissonance of chords may also be present, and may connect to older perceptual results 
on chord similarity. 
 
Samplaski (2000) had several sets of stimuli with discriminable pitch-heights, including one with multiple 
imbedded sub-datasets. Some possible factors underlying the perceived similarities included overall 
chord-spacing type, size of the outermost interval, relative pitch-height of inner voices, shared subset 
content, and several effects concerning ordered intervallic content. 
 
A linear model quantifying some of these factors was developed. Analysis involves five to nine factors. 
Results to date provided excellent correlations vis-à-vis most of Samplaski’s datasets (rs ranging from 
.883 to .948, with some deviations in additive tree topologies). One, however, termed the “closed-clump” 
dataset because it consisted of closed-spaced chords with fixed-size outermost intervals, has resisted 
modeling—multiple scenarios try to yield “negative distances.” The overall results suggest that interactions 
of chord type and content with surrounding context might have a greater role in affecting perceived chord 
similarity, or subjects’ ability to make consistent judgments about such, than previously believed. This may 
have significant implications for any perceptually-based theory of atonal similarity. 
 
Kuusi, T. (2001). Set-class and chord: Examining connection between theoretical resemblance and perceived closeness. Helsinki:  

Sibelius Academy. 
Samplaski, A. (2000). The perceived similarity of some non-tonal tetrachords compared to predictions of selected twentieth-century  

chord classification systems. Paper presented at the meeting of the SMPC, Toronto, Ont. 
Williamson, V. & Mavromatis, P. (1999). Categorizing atonal sonorities: Multidimensional scaling, tree-fitting, and clustering  

compared. Paper presented at the meeting of the Society for Music Perception and Cognition, Evanston, IL. 
 
 
17.3: (11:20 – 11:40) 
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Facing the size of melodic intervals  
William Forde Thompson (Macquarie University, Sydney, Australia) & Frank A. Russo (Ryerson 
University) 
 
Bill.Thompson@mq.edu.au 
 
Following results reported by Thompson, Graham & Russo (2005), we examined whether the facial 
expressions and head movements of singers communicate melodic information that can be “read” by 
viewers. Three trained female vocalists sang 13 ascending melodic intervals spanning 0 to 12 semitones. 
The mean pitch height of intervals was centered on the middle of each singer’s range and tones were 1.5 
seconds in duration. Singers were instructed to sing naturally but accurately, and were not informed of the 
purpose of the experiment. Seventeen participants saw the visual recordings (no sound) and rated the 
size of the intervals the performers were imagined to be singing. Participants had 0-8 years of music 
training (M = 2.29, SE = 0.58) and ranged in age from 18 to 25 years. Ratings varied with veridical 
interval size, F(12,180) = 15.82, p < .0001 and musical training was not a significant covariate, F(1,15) < 
1.0. Moreover, there was a high and significant correlation between interval size and mean ratings for all 
singers: r(11) = .90, .95, .88 for singers 1, 2, and 3, respectively. We next used video-based motion 
tracking to calculate the maximum displacement of the head, eyebrows, and lips for each sung interval. 
The size of sung intervals was significantly correlated with the degree of movement for all three features, 
suggesting that interval size ratings were based on one or more of these cues. Further analyses 
supported this conclusion. Whereas interval size predicted 88% of the variance in mean ratings on its 
own, it accounted for less than 5% of the variance in mean ratings when movement measures were 
statistically controlled, r2

sp = .049, p > .05. We discuss implications for music performance and audio-
visual integration (see also, Thompson & Russo, in press). 
 
Thompson, W.F. & Russo, F.A. (In press). Facing the music. Psychological Science. (Accepted February 12th, 2007) 
Thompson, W.F., Graham, P., & Russo, F.A. (2005). Seeing music performance: Visual influences on perception and experience.  

Semiotica, 156 (1/4), 203-227. 
 
 
17.4: (11:40 – 12:00) 
The influence of auditory pitch intervals on the localisation of visual stimuli 
Sonia Wilkie (University of Western Sydney, Australia)                                                
 
s.wilkie@uws.edu.au 
 
Psychological research on cross-modal auditory visual perception has focused on the influence of visual 
information on sensory information. There exists a lacuna in using auditory stimulus to manipulate other 
sensory information. The Sound Induced Illusory Flash (Shams, Kamitani and Shimojo, 2002) is one 
illusory paradigm that uses the auditory system to bias other sensory information. However, more 
research is needed into the different conditions under which the Sound Induced Illusory Flash manifests 
and is enhanced or reduced.  
 
Aims:  With the aim of exploring the enhancement or reduction of the illusory percept, the experiment 
reported here investigates the effect of new auditory variables on the Sound Induced Illusory Flash.  
 
It is hypothesised that contrast of the auditory stimulus with the variable of pitch interval will generate two 
auditory points of attention corresponding to the high and low pitches; and that contrasting presentation 
with the variable of binaural transmission will draw attention to individual beeps by alternating between 
left and right, further emphasising the illusory effect.  
 
Method:  A sample of 40 participants were situated at computer workstations with their head positioned 
on a chinrest 40cm from the computer monitor and eye level with the fixation point. The visual stimulus 
consisted of a centrally located fixation point - a cross, and a single white flashing dot positioned below 
the centre of the screen that was located in the participants’ peripheral vision. The auditory stimulus was 
transmitted through headphones and consisted of a sine tone beep that lasted a duration of 7ms (attack 
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2ms, sustain 3ms, decay 2ms) and was generated every 50ms. The visual stimulus remained the same in 
the trials, with the independent variables concerning only the aural stimuli. The variables manipulated 
included:  

 •The number of auditory stimulus beeps, presented at two, three, four and five generations.  
 •Intervallic frequency with the unison (261 Hz) versus the octave (261 and 523 Hz)  
 •Transmission of the sound through headphones with monaural versus binaural.  

 
Participants were instructed to use their peripheral vision to count the number of times the dot was 
presented, indicating their response on a multiple choice questionnaire with options ranging from one to 
five events.  
 
Results:  The experiment recovered the illusory effect with results suggesting that the contrast of pitch 
interval and binaural transmission enhanced the illusory effect. Over the two to five beep presentations, 
the binaural octave condition consistently provided the highest mean, followed by the monaural octave 
and binaural unison conditions, with the monaural unison condition providing the lowest mean. These 
results indicated that modifying the auditory stimulus with the octave interval and binaural transmission 
enhanced the illusory effect, suggesting that the contrast in auditory stimulus draws attention to, and 
articulates the auditory rhythm.  
 
 

Thursday August 2 Morning 
 
10:40 – 12:00 Session 18: Musical communication        H 415 

Moderator: Richard Ashley (Northwestern University) 
 
18.1: (10:40 – 11:00)  
A chronological information-processing model of music communication  
Mark Shevy (Boise State University)                                                                                
 
mshevy@nmu.edu  
 
This presentation synthesizes research and theory from relevant fields to form a model that helps visualize 
what cognition and emotion variables and interactions are involved at the initial exposure to a musical 
message such as the beginning of a song, commercial, or film. Discussion of the model helps show how 
different areas of research fit together and identifies areas where new research is needed. 

The model is arranged along a timeline starting with memory-based conditional variables that an audience 
member brings to the communication event. These include the audience member’s pre-existing 
knowledge, preferences and tastes for music (e.g., MacDonald, Hargreaves, & Miell, 2002). It also 
considers communication variables such as the medium used and type of message.  

The model portrays an instance where music precedes the presentation of extramusical information such 
as lyrics or visual images. Thus, the conditional variables and music set a psychological context that 
interacts with emotions and cognitive processing used to construct meanings from the words or visuals of 
the extramusical message message. This process takes place in the underlying context of the immediate 
and cultural environment, and the audience member’s motivation and goals for the particular 
communication instance. The model is drawn from communication, cognition, mood and music research 
and theory presented in writings such as Cohen (2005), Juslin & Sloboda (2001), Martin & Clore (2001), 
and Meyer (1956). 
Cohen, A. J. (2005). How music influences the interpretation of film and video:Approaches from experimental psychology. In R. 

Kendall & R. Savage (Eds.), Selected reports in ethnomusicology: Perspectives in systematic musicology. (Vol. 12, pp. 15-
36). Los Angeles, CA: Ethnomusicology Publications, UCLA. 

Juslin, P. N. & Sloboda, J. A. (Eds.). (2001). Music and emotion. New York: Oxford University Press. 

MacDonald, R. A. R., Hargreaves, D. J., & Miell, D. (Eds.) (2002). Musical identities. New York: Oxford University Press. 

Martin, L. L., & Clore, G. L. (Eds.) (2001). Theories of mood and cognition. Mahwah, New Jersey: Lawrence Erlbaum Associates. 
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Meyer, L. B. (1956). Emotion and meaning in music. Chicago: The University of Chicago Press. 

& Miell, 2002), the nature of cognitive processing (e.g., Best, 1999), and mood (e.g., Fridja, 2000; Zillmann, 2003). 
 
 
18.2: (11:00 – 11:20) 
Musical communication as alignment of neural state vectors 
Jamshed Bharucha, Meagan Curtis & Kaivon Paroo (Tufts University)           
 
jamshed.bharucha@tufts.edu 
 
In this paper we provide a formal framework for thinking about music as a set of channels for 
communication between brains. We suggest that communication involves the alignment of target brain 
states, and that music and other forms of non-verbal communication serve this function. 
 
Music can serve to elicit at least three broad forms of conscious experience: the experience of structure, 
affect and motion (Bharucha, Curtis & Paroo, 2006). A conscious experience elicited by music is 
represented by the vector of neural firing patterns that are either constitutive of (or that cause) the 
conscious experience. These vectors are themselves a function of the filtering effects of attention, and 
would typically be the concatenation of domain-specific vectors representing structure, affect, and motion. 
The structural features themselves are represented by the concatenation of vectors for tonality, 
rhythm/meter/timing, and timbre. 
 
In computational neural terms, the objective of musical communication is to cause the listener to 
represent the target brain state as closely as possible. The degree of alignment of brain states is given by 
the correlation of the corresponding vectors. If the intended and actual vectors are collinear, the 
alignment will be perfect. To the extent that the vectors are not correlated, the musical communication 
has not been successful. Music is fraught with failed communication. This is caused in part by variability 
in the past experiences and current states of the listeners, which results in the same pattern of sound 
eliciting different brain states. Most ensemble playing requires the members of the ensemble to be 
moving in different ways and playing different parts. Thus, synchrony requires a more complex account of 
alignment. 
 
There are two conditions for synchrony. First, there must be good alignment between the intended and 
actual vector for each member of the group. Second, there must be component vectors that are aligned 
across individuals. Typically, these coupling vectors will be component vectors coding for abstract 
features of timing, such as meter and tempo, and abstract features of tonality, such as key or mode. The 
implications of alignment and synchrony for the evolution of music are discussed. 
 
Bharucha, J.J., Curtis, M. & Paroo K. (2006). Varieties of musical experience. Cognition, 100, 131-172. 
 
 
18.3: (11:20 – 11:40) 
Expressive Gestures in Piano Performance 
Marc Richard Thompson (University of Jyväskylä, Finland) 
 
mathomps@cc.jyu.fi 
 
It has been observed that while a pianist uses movement to manipulate his or her instrument, he or she 
also uses a variety of accompanying head, back or arm gestures, which are not involved in the production 
of sound. It has been suggested that the performer uses these ancillary gestures to convey expressive 
intentions or emotion to an audience. It may also be that these gestures are used to embody specific 
structural features of music such as the direction of melody, phrase boundaries or harmonic content. 
Furthermore, it has been noted that musicians replicate similar gestures in different renditions of the same 
piece. This is done subconsciously with the gestures engrained into a specific cognitive motor program 
that the musician uses to perform a piece of music. 
 



70 
 

This study deals with expressive body movement and gesture in Western music piano performance. Three 
pianists participated in an experiment whereby their performances were recorded using the Qualisys 
Motion Capture system. The goal was to search for relationships between bodily movement and music 
through quantitative and qualitative methods. Each pianist participated in three or four sessions over the 
span of six months. Although exploratory in nature, there was an emphasis on how individual expressivity 
developed throughout the course of learning a piece of music. In each session, the pianists played a 
sixteen-measure excerpt from the Brahms Intermezzo Op.118 # 2 using different levels of expression: 
minimum, normal and maximum.  
 
In the quantitative approach, the Qualisys toolbox was used to measure the range of movement in 
accordance to expressive manner, the correlation between expressive gestures and musical structure 
(phrasing, melodic direction) and the development of movement throughout multiple sessions. Also, the 
length of the performances was compared between expressive manner and pianists. Through these 
approaches, the following observations were made: there is a linear relationship between a performer's 
expressive intention and the amount of body movement during a performance, acceleration in head 
movement occurs between adjacent musical phrases and head gestures correlate with the melodic 
structure with both complementing and reinforcing expressive movements. As for the qualitative approach, 
interviews conducted during and after the data collecting process provided insight concerning the implicit 
and explicit knowledge that musicians have concerning their own expressive gestures. From the 
interviews, it was furthermore noted that the level of individual expressiveness used in a performance 
could predict personality types. 
 
 
18.4: (11:40 – 12:00) 
Quotation as a stylistic feature of jazz improvisation 
Marco Mangani (University of Pavia at Cremona), Roberta Baldizzone (Conservatorio di Musica di 
Parma) & Giovanni Nobile (Società Italiana di Musicologia Afroamericana) 
 
marco.mangani@unipv.it 
  
Attentive listening to a wide range of jazz performances shows that quotation from pre-existing pieces is 
something more than an occasional device practiced, so to speak, as an escape route. The aim of 
present paper is to show that the presence of a quotation, its source, and its location within the 
performance are clues that contribute to defining the stylistic orientation of a jazz player. In a previous 
intervention, presented as a poster at the 9th ICMPC (Bologna, August 22-26 2006), we proposed a 
database pattern, together with some significant examples (from Sidney Bechet, Ella Fitzgerald and Duke 
Ellington) that represent three different cases: Quotation as a cross-cultural manifestation (Bechet quoting 
Verdi); quotation as a structural factor of a whole part of a live performance (Fitzgerald’s chains of 
quotations) and quotation as a sign (Ellington quoting a piece of his own to warn the orchestra of an 
imminent change). 
 
With the help of our database scheme, which properly classifies each quotation in its context, we have 
gathered several new examples that raise interesting questions: To what extent does live performance 
permit a wider recourse to quotation? Does a revival stream imply significant quotations? What is the 
incidence of 20th-Century classical music on modern jazz improvisation? We will propose partial answers 
on the basis of instances from Dizzy Gillespie, Romano Mussolini and Igor Stravinsky (as quoted by 
Charlie Parker and Cannonball Adderley). 
 
As we will show in our paper, the simple fact that one quotes is already a stylistic feature per se. Even 
more interesting, though, is to distinguish among several different modalities of quotation, pointing out 
what is being quoted, where the quotation takes place, what kind of modifications the quoted piece 
undergoes, and so on. On the basis of such data, our research can contribute to the characterization of 
different styles within the jazz tradition, as well as in defining the various relationships between 
composition and improvisation. 
 
 



71 
 

Thursday August 2 Afternoon  
 
1:10 – 2:30 Session 19: Timbre II            H 435 

Moderator: Roger Kendall (UCLA) 
 
19.1: (1:10 – 1:30) 
Koechlin's art of orchestration through the prism of psychoacoustics and auditory scene  
analysis  
Frédéric Chiasson & Caroline Traube (Université de Montréal) 
 
caroline.traube@umontreal.ca, frederic.chiasson@umontreal.ca 
 
“Volume” and “intensité” are the two core notions in Koechlin's Traité de l’orchestration, forming the base 
of a complicated and highly detailed orchestration system. Whereas “intensité” is related to the perceptual 
dimension of loudness, “volume” is a very different concept that is defined as a instrumental timbre quality 
related to its perceived geometrical volume, which can be described as large, full (“gros”, “plein”, “ample”) 
on one end, or small, thin (“petit”, “mince”) on the other end. These volume descriptive terms are also 
salient for describing guitar timbre as shown in one of our studies on the verbal description of classical 
guitar timbre. In this study, we aim to understand the nature and the role of the timbre perceptual 
dimension defined as “volume” by Koechlin in his treaty. 
 
Regarding its nature, a systematic comparison of Koechlin's volume scale with the results of various 
multidimensional scaling (MDS) analyses of timbre leads to a strong correlation with the “nasal” 
dimension in one study by Kendall et al. (1999) and with the “brightness” dimension in a Wedin & Goude 
study (1972). The acoustic correlate of these dimensions is the spectral centroid in both cases. 
 
Regarding its role in orchestration, we have observed that effects of depth and distance can be obtained 
by using instrument timbres with different volumes in order to produce a figure/background articulation as 
defined by Gestalt grouping principles. “Thin” sounds would be heard in front of “larger” sounds, as 
smaller objects are seen in front of larger objects in visual perception. 
 
Many composers, such as Debussy for his second Nocturne: Fêtes, and Roger Reynolds for The Angel of 
Death, have exploited this effect in order to form perceptually distinct orchestral planes. In Debussy, an 
effect of distance is produced with the replacement of trumpets by flutes to depict the fanfare moving 
away. In Reynolds, perception of fluctuating depth is created with rapid changes of instruments playing a 
single melody line. 
 
 
19.2: (1:30 – 1:50)  
Texture perception: Signal models and compositional approaches  
Doug Van Nort (McGill University)                                                                           
 
doug@music.mcgill.ca 
 
There has been a considerable amount of research in the area of timbre perception, and specifically 
attempts at finding acoustic correlates that generate, influence or otherwise contribute to the various 
related perceptual attributes. Much attention has been paid in the literature to certain acoustic properties 
that have proven to be perceptually relevant, as has been shown through a combination of user studies, 
signal analysis/synthesis and various mathematical techniques - most notably multidimensional scaling 
(McAdams, Winsberg, Donnadieu, De Soete & Krimphoff, 1995; McAdams, 1999; Grey, 1977; Wessel, 
1979). 
 
Contrary to this, the subjective notion of "texture" has seen little attention in the area of sound perception. 
A primary difficulty in dealing with sound texture is that it is not immediately clear how one defines it and 
further develops classification schemes for comparison and grouping. While timbre may not be ordinal, it 
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has a clear perceptual structure that can lead to groupings and associations such as instrumental families 
and acoustical source properties. In a musical setting, I would argue, texture relates more to one's 
phenomenological experience of a sound result. In considering sonic qualities, texture can be seen to 
differ from timbre in terms of degree of separability: timbre being perceived as a unified sound object and 
texture perception relating to micro-variations in spectro-temporal sound properties over larger time 
scales. 
 
Coming from a perceptual signal processing point of view, I will present different models for texture 
analysis and synthesis that have been proposed in the literature (Arfib, Couturier & Filiatrau, 2006; 
Athineos & Ellis, 2003; Dubnov, Tishby & Cohen, 1997; St-Arnaud & Popat, 1998; Van Nort & Depalle, 
2006). Rather than focusing on the deeper mathematics of such models, I will present the underlying 
assumptions and concepts dealing with questions of determinism vs. stochasticity, spectral vs. temporal 
models, time scales, etc. and how they relate to implicit models of perception. I will further discuss the 
manner in which texture can be related to both timbre and melodic intervals (differing in regards to degree 
of temporal separation), and will conclude with suggestions for how texture might be considered from the 
perspective of electroacoustic composition in constructing a sense of movement, density and tension. 
Existing examples from the EA literature will be employed to emphasize this use of texture in 
composition, and an analysis will be given that links with the associated discussion of perceptual/signal 
modeling. 
 
 
19.3: (1:50 – 2:10)  
How does focal attention directed by rhythm facilitate timbre perception? 
Kyung Myun Lee & Richard Ashley (Northwestern University)                               
 
k-lee5@northwestern.edu 
 
Real-time attending to auditory events such as speech and music is partly controlled by relational 
properties like rate and rhythm (Barnes & Jones, 2000). Large and Jones’ (1999) Dynamic Attending 
Theory suggests that listeners are capable of entraining to external events and of targeting attentional 
energy to expected points in time. Attending to event time structure in rhythmical events facilitates 
prospective time judgments for the expected time only. However, time structures used in previous studies 
were simple isochronous rhythms; so, it remains to be examined how more complex musical rhythmic 
structures catch attention. How do musical rhythmic patterns direct listeners’ attention? Does attention 
directed by rhythmic patterns also facilitate processing of other auditory features, e.g. timbre and pitch, 
besides time information? This study investigated the effect of rhythmic patterns on the processing of 
acoustic features, particularly timbre, by measuring participants’ response time to the change of timbre 
while listening to various rhythmic patterns. 
 
Materials:  Each stimulus consisted of two sound streams: a woodblock sound repeatedly playing a 
rhythmic pattern and clarinet playing a sustained C5. The clarinet sound was changed into flute at a 
randomly assigned point. The changing point was counterbalanced. Prior to each trial, the woodblock’s 
rhythmic pattern was provided two times for rhythmic priming. Four types of rhythmic patterns were used: 
an isochronous rhythm, a duple rhythm, a triple rhythm, and a syncopated duple rhythm. Each stimulus 
was composed of four bars in which a rhythmic pattern was repeated four times. The timbre of the clarinet 
was randomly changed at any beat between the first beat of the second bar and the last beat of the fourth 
bar. 
 
Procedure: Participants were instructed to listen to each stimulus and to press a button, as soon as 
possible, when they detect the timbre change. Their response time was recorded by PsyScope. 
 
Results and Conclusion: We expect that response time to timbre change vary depending on rhythmic 
patterns, because rhythmic patterns dynamically direct listeners’ real-time attention to different beats, and 
the focused attention facilitates processing of musical information on the beats. Specifically, when the 
woodblock plays an isochronous rhythm, the response time should be equal regardless of where the 
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timbre changed. However, when the woodblock plays non-isochronous rhythms, we expect participants to 
respond more quickly to timbre changes on structurally important beats than weak beats. 
 
An example of stimuli: 
 

 
 
 
19.4: (2:10 – 2:30)  
Towards a semantic atlas of classical guitar timbre 
Caroline Traube & Maryse Lavoie (Université de Montréal)                             
 
caroline.traube@umontreal.ca 
 
The main goal of this study is to analyze the verbal descriptors for the timbre of the classical guitar in 
order to build a multidimensional representation of the semantic space of the classical guitar timbre 
lexicon. At first glance, the vocabulary used to describe different timbres seems mainly intuitive and quite 
subjective. At the same time, timbre is the quality of musical sound itself and, since any professional 
musician has to work upon the sound at an inestimable level of precision, the systematic study of their 
verbalizations of timbre is a first step towards the understanding of their musical perception of timbre. 
 
Eighty (80) verbal descriptors of the classical guitar timbre combined with respective definitions and 
synonyms have been collected from 22 guitarists. A semantic analysis of the corpus has been performed 
on the more recurrent lexical items in order to build a multidimensional representation of the semantic 
space of the classical guitar timbre lexicon. The transformation of the data into a multidimensional 
representation relies on synonymic relations and mathematical graph theory. The main findings allow us 
to attribute the lexical descriptor “round” and its synonyms as the core nucleus in our structured 
representation of the semantic space. The lexical descriptor “round” appeared centered on an axis 
defined by two opposites nucleus which are labeled “metallic” and “dark”. The numerous synonymic 
relations permit us to nuance all entries into our system and to observe different meaning transitions. It is 
also relevant to consider descriptors’ associated sound-producing gestures in order to identify the 
different dimensions of the semantic timbre space. 
 
With this technique, the timbre descriptors lexicon which appeared incoherent in the first place, now 
displays its structure. The Semantic Atlas of Classical Guitar Timbre presents an objective interpretation 
of the guitarists’ vocabulary. These findings could benefit the pedagogy of classical guitar. In the long 
term, it could lead to a Classical Guitar Timbre Space which would include corresponding descriptors, 
gestures and acoustic signatures of classical guitar tones. 
 
 
 

Thursday August 2 Afternoon 
  
1:10 – 2:30 Session 20: Mathematical modeling/machine approaches  

to musical structure           H 415 
Moderator: Jamshed Bharucha (Tufts University) 

 
 
20.1: (1:10 – 1:30)  
Pitch-class distribution and the identification of key 
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David Temperley & Elizabeth West Marvin (Eastman School of Music)       
 
dtemperley@esm.rochester.edu 
 
This study examines the question of how listeners identify the key of a melody as it is heard. One well-
established view of key-finding—what we call the distributional view— is that listeners identify key by 
monitoring the distribution of pitch-classes in the piece, comparing this distribution to an ideal distribution 
for each key, and choosing the key whose distribution best matches that of the piece. An alternative 
view—the structural view—is that listeners’ judgments of key depend on the presence of certain 
conventional tonal patterns, in which the ordering of pitches is crucially important. The current study 
examined whether listeners use a distributional method to identify key by presenting melodies generated 
randomly from pitch-class distributions characteristic of tonal music—so that only distributional 
information was present—and having them judge the key. The distributions were drawn from the 
openings of Mozart and Haydn string quartets. 
 
In two experiments, listeners heard 30 melodies in piano timbre, representing all 24 major and minor 
keys, each one 40 notes in length within a range of 12 semitones. Melodies were heard in a different 
random order for each participant. In the “untimed” condition, participants heard complete melodies and 
then judged the key; in the “timed” condition, participants stopped the melody and made a key judgment 
as soon as they were able. (Participants were allowed to use a keyboard to identify the pitch name of the 
tonic they had chosen.) We also compared the performance of listeners with absolute pitch and those 
without, to see whether this ability affected the speed or accuracy of their judgments. Slightly more than 
half of listeners’ judgments matched the generating keys on both the untimed and the timed conditions. 
While this performance is much better than chance, it also indicates that the distributional view is far from 
a complete explanation of human key identification. No significant difference was found between 
participants with regard to absolute pitch, either in the proportion of judgments matching the generating 
key or in the time taken to form a judgment. 
 
Several key-finding models were tested on the melodies to see which one best matched the participants’ 
key judgments. A simple probabilistic model, which chooses the key that would generate the melody with 
highest probability, matched the participants’ most popular key judgment in 49 out of 60 melodies; no 
other model achieved significantly better performance. 
 
 
20.2: (1:30 – 1:50)  
Musicianship in real and artificial worlds 
Marcelo Gimenes, Eduardo R. Miranda & Chris Johnson (University of Plymouth, UK)  
 
marcelo.gimenes@plymouth.ac.uk 
 
We propose a system to investigate the development of musical ontogenesis in artificial environments 
whereby software agents interact with one another (and with external physical agents, such as robots and 
humans) in order to develop their musical styles, or musical worldviews. 
 
Agents are programmed with the ability to listen to, perform and improvise music by receiving and 
sending streams of data that are analyzed, segmented and ultimately integrated into their memories. 
Agents “perceive” the music stream according to a number of filters that extract a number of musical 
features (e.g., melodic direction or melodic inter-onset intervals, etc.). This results in a parallel stream of 
data that are subsequently used to inform the segmentation of the music. These segments are therefore 
composed by a set of “genotypes” that correspond to the filtered musical features. Once these genotypes 
are identified, they are placed in the memories of the agents, integrating a series of interconnected 
feature tables, whose configurations determine the agents’ current state and, ultimately, their musical 
worldviews. 
 
Every time a new task is executed (listening, performing, etc.), the agents’ memory is transformed 
according to the balance of the interconnected genotypes that occur in the segments that are perceived. 
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If a sufficient number of genotypes are not perceived (that is, reinforced in memory), then the agents tend 
to forget them. We use the history of the transformations of the agents’ memory to trace and assess their 
musical development (musical ontogenesis) after each interaction. This method has the potential to be 
used as a tool to compare particular composers and/or styles in music. 
 
Our system currently supports interaction between software agents and human pianists playing 
improvised music. We are currently experimenting with this type of setting in order to observe the 
behaviour that arises from an immersed environment where the agents learn to enact musical 
performances based on interactions with human performers. 
 
 
20.3: (1:50 – 2:10)  
Biocultural models of interaction between musical and non-musical forms of behaviour in 
evolution 
Oliver Bown & Geraint A. Wiggins (University of London)           
 
o.bown@gold.ac.uk, g.wiggins@gold.ac.uk 
 
In previous work we have considered the role of feedback from cultural to biological systems as a 
possible source for the evolution of musical behaviour. According to this point of view, an explanation for 
the evolution of musical behaviour in humans lies not in any functional adaptation associated with musical 
behaviour, but in an iterative process of cultural evaluation and action where individual fitness derives 
from appropriate cultural behaviour, as evaluated by the other members of the population. We developed 
a simple computer simulation model in which a population of evolving and adaptive interacting agents 
exhibits the increase over evolutionary time of a hypothesised trait we call "susceptibility to enchantment", 
the tendency to reward individuals whose musical behaviour was in some sense appropriate, and also of 
the complexity of their music-perceptual systems. As in any computer simulation model of a highly 
complex and mostly opaque real-world process, our aim is not to replicate accurately the phenomenon 
itself but to explore the proposition of new notions of process that inform theory. This original model 
proposes a feedback process that undermines a standard biological approach to the problem of the 
evolution of musical behaviour. 
 
Here we firstly look more closely at the processes taking place in our existing model and consider their 
broader relevance to the theory of the evolution of traits in a highly cultural species. We consider the role 
that social grouping plays on this hypothetical biocultural feedback in order to state its significance more 
clearly. Secondly, we adapt the model to explore possible interactions between cultural and non-cultural 
means of gaining fitness. We consider agents that have a choice between gaining fitness through social 
interaction and gaining fitness through direct extraction of resources from the environment. We examine 
the emergent properties of such a system and the critical boundaries between different outcomes, and 
attempt to evaluate the strength of biocultural feedback relative to other forces. Finally, we evaluate our 
work in the context of other approaches to the theory of the evolution of music, in terms of both broad 
philosophy and short-term practical research goals. 
 
 
20.4: (2:10 – 2:30)  
Segmenting pop melodies: A model comparison approach 
Daniel Müllensiefen, Marcus T. Pearce, Geraint A. Wiggins & Klaus Frieler (University of London) 
 
g.wiggins@gold.ac.uk 
 
Several studies in the past have addressed the question of how to segment monophonic music 
according to perceptual and cognitively adequate principles. In addition to empirical evidence 
from psychological studies, several computer models have been proposed (e.g., Temperley, 2001; 
Cambouropoulos 1998) that base their segmentation decisions mainly on the Gestalt-principles of 
proximity and similarity. The aim of this paper is to compare six Gestalt-based models to a 
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statistical learning model that employs information-theoretic measures such as Shannon-entropy 
and information content to predict melodic phrase boundaries (Pearce & Wiggins, 2006). 
 
The model comparison is done on the data from an experiment where 25 expert participants were 
asked to indicate phrase boundaries in 15 commercial pop melodies during four repeated 
listenings of each melody. The resulting indications for the presence or absence of boundaries for 
the total of 1265 notes were assessed for inter-subject consistency. As a result, a number of 
structural features (e.g. the absence of long inter-onset intervals) that cause disagreement in the 
perception of phrase boundaries were identified. Above that, the seven tested models were 
compared with regard to the criteria of overall prediction accuracy and model simplicity. A finer-
grained analysis shows how prediction accuracies of the individual models depend on the 
presence or absence of specific melodic structures. The strengths and weaknesses of segmentation 
models based on Gestalt-rules and statistical learning are discussed as well as their cognitive 
adequacy in relation to human melody perception. Optimisation options and recommendations for 
valid and reliable segmentations of pop melodies by automatic systems are provided as an 
overview. 
 
Cambouropoulos, E. (1998). Towards a general computational theory of musical structure. PhD. Thesis, University of Edinburgh. 
Pearce, M. & Wiggins, G.A. (2006). Expectation in melody: The influence of context and learning. Music Perception, 23 (5), 377- 

405. 
Temperley, D. (2001). The cognition of basic musical structures. Cambridge, MA: MIT Press. 
 
 
 

Thursday August 2 Afternoon 
 
2:50 – 5:10  Session 21 (Symposium): What is the beat, and  

why study metrical processing?         H 435 
  Organizer: Jessica Phillips-Silver (University of Montreal, BRAMS) 
 
Overview of the Symposium:  The growing number of scientific studies of rhythm and meter perception in 
infants, adults and patients reflects a fascination for understanding rhythm and the brain. However, what 
are we really talking about when we refer to “meter perception”? Several leading scientists will come 
together, with the challenge to present a sample of their work which clearly demonstrates: 1) their 
operational definitions of rhythm and meter, and 2) how they measure these processes, across a range of 
methodological techniques. This symposium is designed to challenge and stimulate presenters and 
audience, scientists, musicians and educators alike. The audience will leave this symposium with clear 
definitions of rhythm and meter, and an understanding of the objectives in empirical research on metrical 
processing.  
 
 
21.1: (2:50 – 3:10)  
Metrical snipe hunting in the psychology lab 
Justin London (Carleton College, MN, USA)                  
 
jlondon@carleton.edu 
    
I will (a) give a definition of meter, with a number of audio examples, (b) discuss some difficulties in 
operationalizing our study of it, and (c) share some of the strategies used by myself and colleagues to 
obtain reliable measures of meter from subject behavior. 
 
1. A Definition of Meter:  As I have argued in Hearing in Time (Oxford U Press, 2004), meter may be 
regarded as a musically-specific form of our more general capacity for entrainment, the synchronization of 
our attention (and typically some aspect of motor behavior) with temporally structured patterns in our 
environment. Most essentially, meter involves our identification of, and synchronization to, a pulse or 
tactus, involving IOIs in a range of 400-800 ms. 
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Meter is more than simply the identification of a pulse or tactus; it is a multileveled coordination of several 
attentional/motor periodicities within a range of 100 ms to 1.5-2.0 seconds, of which the tactus is but one 
component. While meter involves temporal regularity, it does not require thorough-going isochrony. There 
are also at least two distinct aspects of metric behavior: identifying a meter (when a rhythm begins), and 
then maintaining a synchronization in the face of various forms of rhythmic “noise” (errors, syncopation, 
silences, etc.) or under other transformations (one-time or repeated phase and/or period correction, such 
as abrupt versus gradual tempo changes). 
 
2. Problems in Operationalizing Meter: Since meter is a subjective/phenomenal aspect of our 
engagement with external rhythms, meter is operationally opaque: while motor behavior may indicate 
some aspect of meter, it is always just part of the story. This will be demonstrated by comparing the 
tapping rates to perceived speed of demonstration stimuli presented at different tempos. Likewise, 
phenomenal reports may be similarly problematic, as subject reports (a) may have errors, (b) biases, or 
(c) be incomplete. Observations from recent studies (London, Cross, and Himberg 2006, 2007) to 
illustrate these problems will be given. Finally, many stimuli are metrically ambiguous, perhaps more so 
than has been appreciated. As such they may educe more than one metric percept, and care must be 
taken in the classification of “correct” versus “incorrect” subject responses. 
 
3. Desiderata for Metric Research:  Finally, various strategies for behavioral studies of meter are 
described. These include behavioral versus judgment tasks, controlling for the influence of memory (and 
reconstrual of the stimulus in memory), avoiding boredom and practice effects, and the use of pre-tests 
and tutorials to make the task clear (without biasing the results). 
 
 
21.2: (3:10 – 3:30)  
Three issues in the psychological assessment of meter perception 
Mari Riess Jones (Ohio State University, UC Santa Barbara)                                           
 
jones80@osu.edu 
 
First, I consider the issue of embedded time relationships that contribute to metric hierarchies and the role 
these kinds of relations (time ratios, etc.) play in refining a listener’s metric inferences. In this regard I 
mention entrainment theories.  
 
Second, I discuss the role of time markers (sometimes referred to as ‘cues’) for time spans that 
participate in highlighting various metric levels for levels. Here I consider whether or not the debate over 
temporal versus pitch ‘cues’ is really on the right track. I present data indicating that accent salience 
should be taken into account in these discussions. 
 
Third, I build on some points regarding metric time levels and accent salience to consider situations in 
metric sensitivity is acquired from both rhythmic and melodic relationships which challenge ideas that 
meter is necessarily independent of melodic (and rhythmic?) structure. These issues are developed from 
a psychological perspective that assumes attending is dynamic and rests on entrainment. 
 
 
21.3: (3:30 – 3:50)    
Endogenous metrical rhythm and nonlinear oscillation  
Edward Large (Florida Atlantic University)                                                                             
 
large@ccs.fau.edu 
 
In this talk, I consider pulse and meter from the point of view of nonlinear dynamical systems. Nonlinear 
oscillation is ubiquitous in neural systems, and although many different types of oscillatory processes 
exist, they share certain universal properties that can be revealed by dynamical analysis. These include 
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self sustained oscillation, entrainment and higher-order resonance. I will show how these properties map 
onto psychological properties that are generally attributed to pulse and meter.  
 
   
21.4: (3:50 – 4:10)  
Endogenous contributions to metrical perception  
Bruno Repp (Haskins Laboratories, New Haven, CT, USA)                                       
 
repp@haskins.yale.edu 
 
In accordance with Large and Jones (1999) I regard meter as an internal multilevel periodic process that 
can be elicited and entrained by an external rhythm. The process is organized around a primary beat that 
represents the most salient periodicity, and it entails recurrent temporal expectancies and action 
tendencies. Most research has focused on those aspects of a rhythm that most effectively induce 
perception of a beat, such as the temporal regularity of sound events, and the presence and spacing of 
accents. However, metrical perception is not entirely dependent on auditory input. For one thing, metrical 
structures can be generated in the course of rhythmic movement such as walking and solo music 
performance, even in the absence of auditory feedback (as in performance on a silent keyboard) or overt 
movement (as in musical imagery from memory or notation). This generative metrical capacity also 
enables musicians to deliberately manipulate their metrical interpretation of rhythms they hear. Unless the 
auditory cues to a particular meter are extremely strong, a rhythm is open to different metrical 
interpretations, which can not only be induced by preceding rhythmic context or concurrent movement, 
but also can be imposed at will, by musicians at least, according to verbal instructions or musical notation. 
Some of my recent research has focused on this purely mental ability to “hear” the same rhythm as 
different metrical structures, and my measure of success has been the stability of sensorimotor 
synchronization (finger tapping on or off a self-determined beat). Although musicians are not always 
successful in imposing and maintaining a particular metrical interpretation, their basic ability to manipulate 
their own metrical perception has been clearly demonstrated. The interesting question raised by this 
research is what kind of self-initiated internal change leads to the subjective change in metrical 
perception. Two hypotheses, not mutually exclusive, are that attentional energy is being reallocated within 
a periodic dynamic attending framework and that periodic actions are being simulated in synchrony with a 
designated beat level. These hypotheses could be addressed with available methods of neuroscience 
such as EEG, MEG, or TMS, and some preliminary results are already available. 
  
 
21.5: (4:30 – 4:50)   
Behavioral and neural correlates of musical meter perception 
Ani Patel & John Iversen (The Neurosciences Institute, CA, USA)                      
 
apatel@nsi.edu 
 
The term “meter” occurs in several disciplines that study structured linguistic or musical patterns (e.g., 
poetics, linguistics, and music cognition), and the term has different meanings in each discipline. We 
argue that in music cognition, “meter” refers to at least two levels of nested periodicity: a beat or tactus 
level in which a pattern of beats recurs periodically (e.g., an isochronous pulse in much Western music, or 
an anisochronous pulse pattern in some forms of Balkan music), and a second level of periodicity 
established by differences in the relative prominence of beats, or in the grouping structure of beats. For 
example, in Western music a march and a waltz both have a steady pulse, but have different metrical 
patterns because every 2nd or 3rd beat is accented, respectively. In Indian music, one can have different 
metrical patterns depending on how beats are grouped (e.g. a repeating cycle of 7 beats grouped as 4 + 
3 vs. 3 + 4). 
 
This presentation will focus on two aspects of meter perception: behavioral correlates and neural 
correlates. The first part of the presentation illustrates a behavioral measure of meter perception based 
on temporal patterns of motor synchronization to a beat (via tapping). The question addressed is whether 
the presence of multiple layers of periodicity in an auditory stimulus improves synchronization with a beat 
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(as measured by patterns of tap-tone asynchronies and their variability), compared to synchronization 
with a simple metronome at the beat period. The study also addresses whether the strength of a metrical 
pattern influences the accuracy of synchronization, where metrical strength is manipulated via the amount 
of syncopation in a metrical pattern.  
 
The second part of the presentation focuses on neural correlates of meter perception, and emphasizes 
the fact that meter is created in the mind of a listener, rather than being completely stimulus bound. 
Magnetoencephalography (MEG) is used to study auditory cortical brain responses to a metrically 
ambiguous rhythmic pattern when it is willfully perceived in one of two alternative metrical frameworks. 
The neural correlates of consciously imposed metrical structures are presented, and are compared to 
neural responses when listening to disambiguated metrical structures, where alternative meters are 
created with physical accents.  
 
 
21.6: (4:50 – 5:10)  
The origins of metrical perception 
Laurel J. Trainor (McMaster University) & Jessica Phillips-Silver (Université de Montréal, BRAMS) 
 
LJT@mcmaster.ca  
 
We argue that the perception of meter is present very early in life, that it develops initially through the 
vestibular sense, and that it is crucial for learning to process linguistic and musical information. The 
framework we use for thinking about meter relies heavily on that articulated by Lerdahl and Jackendoff 
(1983). In order to make sense of music and speech, it is necessary to analyze the continuous incoming 
sound signal across time. Crucial to this are two perceptual processes (1) grouping sound events into 
syllables, words, clauses and phrases in speech, and into subphrases, phrases, and sections in music, 
and (2) inferring a regular underlying hierarchical beat or metrical structure. Across different musical 
systems, the complexity of the metrical hierarchy varies considerably, but it does seem to be a universal 
organizing principle. It is useful to differentiate the physical characteristics of the input from those that are 
perceptually derived. We define the rhythm pattern as the sequence of onsets and durations of sound 
events and silences. This is given in the stimulus. We define physical accents, such as increased 
loudness, duration, pitch, note density, or timbre as given in the stimulus. Accents can also be defined 
through perceptual processes, however, such as at points of perceived tonal closure. Grouping and 
metrical structure are perceptually derived on the basis of analysis of the physical characteristics in 
conjunction with one's learned knowledge about a particular musical system. In this paper we consider 
how the ability to derive the metrical structure from rhythm patterns might develop. First, we discuss 
evidence that by 7 months, infants appear to differentiate duple from triple metrical organizations. Then 
we present evidence that multisensory interactions between movement and rhythm are also present in 
infants. Finally, we discuss experiments indicating that the vestibular system is particularly important in 
these multisensory interactions, and suggest that perhaps metrical perception originates through the 
vestibular input that results from daily experience of rhythmic movement as infants are carried, bounced, 
and rocked. 
  
 
 

Thursday August 2 Afternoon 
 
2:50 – 4:10 Session 22: Emotion           H 415 

Moderator: Alexander Rozin (West Chester University) 
 
22.1: (2:50 – 3:10)  
Stylistic familiarity and the perception of affect in computer-generated music 
Freya Bailes & Roger T. Dean (University of Western Sydney, Australia)                      
 
f.bailes@uws.edu.au 
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Research on the perception of affect in music has focused on traditional note-based genres (e.g. 
Schubert 2004; Leman, Vermeulen et al., 2005). Substantial agreement between individuals in their 
moment-by-moment ratings of affect while listening to music have been found, relating to structural 
properties such as loudness and tempo, musical features which are not exclusive to note-based forms. 
Implicit in this research is the listener’s general familiarity with the musical style (Western tonal music). 
We aimed to explore how affect might be perceived in music composed in a style that is unfamiliar to 
most listeners, and in which ‘surface’ features form the musical focus. Contemporary computer-generated 
or electroacoustic composition is not primarily concerned with patterns of discrete pitch and duration, but 
with patterns of timbre and texture. A second aim was to examine the relationship between perceived 
affect and perceived sonic structure. This differs from most explorations of musical affect since rather 
than relating affect to musical features, it inter-relates different forms of listener perception. In order to 
address these aims we ran an experiment to determine the relationship between listeners’ judgments of 
sound segmentation and corresponding ratings of affect. We focus on segmentation as a basic sound 
structure, which is detectable by musically untrained listeners and is of musical relevance (Bailes & Dean, 
in press, a and b).  
 
Thirteen undergraduate students participated in a repeated measures experiment counterbalancing an 
affect and a segmentation task. Thirty six stimuli were composed of one or two consecutive sound 
segments and controlled for segment length, segment order, sound type (e.g. water/chimes/filtered noise) 
and increase/decrease in intensity. A 2DES continuous response methodology (Schubert, 2001) was 
adapted so that participant ratings could be recorded during listening. In the segmentation task 
participants continuously judged the stimulus structure, while in the affect task participants continuously 
rated the stimulus arousal and valence. Results show that listeners’ perceptions of structure and affect 
are reliably inter-related. The only stimuli found to express a positive valence were those based on 
‘familiar’ sounds such as water and a hip-hip drum loop. Noise-based stimuli were consistently found to 
express a negative valence. Participants were less inclined to register a decrease in arousal than an 
increase. These findings are discussed in relation to the bearing of stylistic knowledge on the perception 
of affect in music.  
 
 
22.2: (3:10 – 3:30)  
Explaining the emotional charge of major and minor harmonies  
Norman D. Cook (Kansai University, Takatsuki, Osaka, Japan)                       
 
cook@res.kutc.kansai-u.ac.jp 
 
Traditional harmony theory since the Renaissance has been obsessed with the sonority of the major 
triads—and this myopic view of harmony has been justified in the modern era by the fact that all of the 
tones of major chords are found among the upper partials of the tonic. In contrast, the minor triads have 
given theorists endless headaches, despite the fact that musically they have comparable sonority and 
harmonic usages. By shifting the focus of harmony theory away from the major/minor chords and towards 
the inherently unresolved “tension chords” (augmented, diminished and suspended-fourth triads), the 
regularities of diatonic harmony and the old problem of the emotional valence of the major and minor 
triads are easily explained. The key to an understanding of harmonic affect is Meyer’s insight (Meyer, 
1956) concerning triadic “tension”. That is, distinct from the musical effects of two-tone intervals 
(consonance and dissonance), three-tone combinations introduce a dimension of sonority and tension. 
Empirically, the tension chords of diatonic music are consistently perceived as relatively tense, unstable 
and unresolved, despite the fact that they do not contain more dissonant intervals among their partials 
than the major and minor chords (Cook et al., 2007). Psychophysically, the “tension” is caused by equal 
intervals (Meyer, 1956) among the fundamental tones and upper partials of the chords (e.g., two 4-
semitone intervals in the augmented chord). Given the perceptual tension of such chords, there are two 
(and only two) directions of pitch change that can resolve the tension (see Figure). A semitone increase 
will lead to minor resolution and a semitone decrease to major resolution. Given this known structural 
relationship among the major, minor and tension chords, I argue that the affective valence of the major 
and minor chords can be succinctly explained on the basis of the concept of “sound symbolism” (the 
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“frequency code”; Ohala, 1984). That is, consistent with the affective charge of pitch rises (weakness, 
submission) and falls (strength, dominance) in animal calls and human speech prosody, musical pitch-
increases starting from the affectively ambiguous tension chords lead to minor resolution, and pitch-
decreases, to major resolution (Cook, 2007). 
 

 
 
 
22.3: (3:30 – 3:50)  
Liking and memory for happy and sad sounding music: Effects of exposure 
E. Glenn Schellenberg (University of Toronto at Mississauga) Isabelle Peretz (Université de Montréal, 
BRAMS) & Sandrine Vieillard (Université de Montréal) 
   
g.schellenberg@utoronto.ca 
 
We examined liking and memory for happy and sad sounding music as a function of exposure, which 
varied both in quantity (number of exposures) and in quality (focused or incidental listening). The stimuli 
were excerpts from the classical repertoire presented in a piano timbre. In the exposure phase of the 
focused listening condition, listeners were required to make a judgment (happy or sad?) after the 
presentation of each excerpt. In the incidental listening condition, listeners heard the excerpts quietly in 
one ear while completing a task that required them to attend closely to a distractor stimulus presented in 
the other ear. After hearing the excerpts 0, 2, 8, or 32 times, both groups provided liking and recognition 
ratings.  
 
Liking ratings were higher for happy than for sad music after focused listening, but similar after incidental 
listening. Recognition ratings were similar for happy and sad sounding music after focused listening, but 
lower for happy than for sad music after incidental listening. The results represent the first laboratory 
demonstration of increases in liking for sad relative to happy sounding music. They imply that liking for 
sad sounding music increases when listeners are fatigued or in a negative mood, either because the sad 
music is congruent with their mood, or because of increases in the appeal of music that is calming and 
likely to lower arousal levels. 
 
In the incidental condition, liking ratings increased linearly as a function of exposure. In the focused 
condition, liking ratings were an inverted-U shaped function of exposure, with initial increases in liking 
(after 2 exposures) followed by decreases (after 8 or 32 exposures). In both conditions, recognition 
ratings increased monotonically and positively as a function of exposure. These results are consistent 
with Berlyne’s two-factor model but inconsistent with accounts of liking and exposure that rely solely on 
processing fluency. 
 
The results document that: (1) sad music is liked as much as happy music in some instances, (2) 
frequency of exposure causes both familiarity (positive) and over-familiarity (negative) effects, and (3) 
effects of exposure on liking differ for focused and incidental listening. When our findings are considered 
jointly with past results, they highlight the need for researchers to develop a model that can account for 
neutral as well as for aesthetically pleasing stimuli, for a few as well as many exposures, for attentive as 
well as inattentive exposure, and for liking as well as memory. 
 
 
22.4: (3:50 – 4:10)  
Prosody is a possible mapping source for the musical association between the minor third and 
sadness: Evidence from bi-syllabic speech samples 
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Meagan E. Curtis (Tufts University)                                                                       
 
meagan.curtis@tufts.edu 
 
There is a long history of attempts to explain why music is perceived as expressive of emotion. Many of 
the acoustic parameters that are used to communicate emotion in music are also used in human vocal 
expressions of emotion, suggesting that the acoustic code for communicating emotion may be shared 
across domains. One of the most important cues for identifying valence in music is the relationship 
between pitches. For instance, the relationship between two fundamental frequencies may determine the 
perceived affective valence; the musical interval known as a major third (a frequency ratio of 5:4) 
generally conveys positive valence, whereas the minor third (a ratio of 6:5) generally conveys sadness. 
The possibility that these associations are also present in the pitch contours of human vocal expressions 
has been virtually unexplored. A series of investigations was designed to examine whether the pitch 
contours of human vocal expressions vary systematically according to the emotional state of the speaker. 
Bisyllabic speech samples conveying happiness, anger, pleasantness, and sadness were recorded from 
nine actresses. The semantic content of the vocalizations was controlled across the four emotions. 
Acoustic analyses of the pitch contours revealed that the relationship between the two salient pitches of 
the sad speech samples tended to approximate a minor third, which is consistent with the emotional 
associations in the domain of music. Other patterns were observed for the other emotions. The speech 
samples were rated for perceived emotion, and the use of various acoustic parameters as cues for the 
identification of emotion was modeled using regression analysis. The minor third was the most reliable 
cue for identifying sadness. Other experiments assessed the emotional perception of pitch contours 
across domains. The results suggest that there are correspondences across domains in the use of pitch 
contours to encode and decode emotion. These findings support the theory that human vocal expressions 
and music share an acoustic code for communicating emotion. 
 
 
 

Thursday August 2 Afternoon 
 
4:30 – 6:00 Poster session B            H 763 
  Organizer: Virginia Penhune (Concordia University) 
 
Comparisons to speech and language  
   
B.1: The imitation of Mandarin speech by the erhu: Myth or reality? A study of sound  
perception of the ehru 
Ko-shu Sun (Université de Montréal) & Charles Besnainou (Laboratoire d’Acoustique Musicale, Paris, 
France) 
 
koshu.sun@gmail.com, chbesnai@ccr.jussieu.fr 
 
Erhu players have enormous freedoms in playing techniques, among which there is a good capacity for 
imitation of many nature sounds and human voice. Based on that unique character, imitations of nature 
sounds have integrated pieces of the Erhu repertory; however, in contrast to the imitations of nature 
sounds by Erhu, the mandarin speech imitation remains a practice of entertainment. The latter recently 
aroused much interest in Asian entertainment media. 
 
So far the similarity of sound features between the Erhu and the Mandarin language has not been 
explored systematically; therefore, this pilot study aims to encircle the limit and the “mechanism” of this 
approach and provides a scientific base by using musical acoustic methods. 
 
Inspired by Emile Leipp’s transmission channel model, we divided our study into two parts: the Erhu 
player/transmitter issue and the listener/receptor issue. For each issue, we carried out a series of 
experiments.  
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A professional Chinese Erhu player was asked to imitate a series of two consecutive syllables with the 
Erhu. The similarity between the Erhu’s sounds and combinations of Mandarin syllables were evaluated 
by the player himself if it was acceptable or not. This self-evaluation was then analyzed. Syllable 
combinations were chosen carefully to avoid prosodic influence and to prevent a “training effect”. 
 
Participants, ethnically all of Chinese-origin, were assigned to correlate the Chinese word pairs to the 
sound samples recorded at the player/transmitter part. A questionnaire was designed to be gradually 
oriented and included three principal sections: free description of sound samples, evaluation of knowledge 
of the Erhu, and similitude test of the “sound effect” between an imitation and a proposed statement. 
Twenty valid questionnaires were then obtained for interference analysis. 
 
 
 
B.2: Vocal imitation of prosody in music and speech  
Jennifer Walsh & Peter Q. Pfordresher (University at Buffalo, the State University of New York) 
 
jwalsh3@buffalo.edu 
 
A major issue in music cognition concerns the degree to which music and language draw on common 
resources, with different studies and theories either supporting separation or integration. Most research 
on this topic focuses on perceptual tasks, and recent research on production has tended to use keyboard 
production as a musical task. 
 
We addressed the accuracy with people vocally imitate prosodic patterns (pitch/time trajectories) as they 
occur in sentences versus melodies. We further addressed the degree to which phonetic information 
facilitates imitation in each domain. It is commonly believed that most people are inaccurate singers but 
are skilled speakers. This belief has never been rigorously tested, to our knowledge. 
 
We created a list of spoken sentences, and paired each sentence with isochronous melodies (using the 
same words) whose pitches formed a contour and spanned a range that was similar to the sentence, 
within the constraints of tonal music. Two sets of melodies and sentences were created, one by a female 
speaker/singer, the other by a male speaker/singer, both of whom had vocal training but were not 
professional singers. We then removed phonetic information from each sequence by extracting the pitch 
contour (using Praat), and reprocessing the contour as a continuous complex tone, leaving only the pitch 
and rhythm information. Participants varied with respect to musical training. 
 
Analysis focused on the accuracy with which prosody was imitated with respect to both pitch and time 
characteristics. There was a general tendency for imitations to be slower than the original sequence, 
suggesting that imitation was effortful. In general, imitation was more accurate for melodies than for 
spoken utterances, regardless of whether phonetic information was present. In addition, sequences that 
included phonetic information were imitated more accurately than sequences without phonetic 
information, particularly for speech. Thus, contrary to common belief, there may be a general advantage 
to the imitation of pitch in musical as opposed to linguistic contexts. Furthermore, individual differences in 
imitation accuracy varied in similar ways for the imitation of melodies and sentences, arguing for the use 
of common resources in music and language. 
 
 
B.3: Effects of phoneme on the experience of sung interval size 
Dominique Vuvan (University of Toronto) Frank A. Russo (Ryerson University) & William F. Thompson 
(Macquarie University, Sydney Australia) 
 
dominique.vuvan@utoronto.ca 
 
The experience of interval size (or pitch distance) in a sung interval may be influenced by several factors 
that may vary in the course of normal vocal production. For example, the experienced size of an interval 
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may be influenced by pitch register (Russo & Thompson, 2005a), visual aspects of performance 
(Thompson & Russo, in press), and timbre (Russo & Thompson, 2005b). In the present study, we 
investigated the influence of phonemes on judged interval size over three experiments. Because 
phonemes vary with regard to spectral centroid (a perceptually salient characteristic of timbre), we 
expected that the experience of size in sung intervals would be influenced by phoneme sequence. In 
Experiment 1, three-tone sequences were synthesized so as to vary precisely with regard to phoneme 
and pitch content. The sequence of phonemes yielded spectral centroid patterns that followed one of 
three contours: rise-fall (e.g., /di/-/da/-/di/), fall-rise (e.g., /da/-/di/-/da/), or static (e.g., /da/-/du/-/da/). The 
sequence of pitches followed one of two contours: rise-fall (e.g., C4-G4-C4) or fall-rise (e.g., G4-C4-G4). 
The experimental task was to assess the extent of pitch change (i.e., interval size) between the middle 
tone and its flanking neighbor tones in each sequence. Experiment 2 was a partial replication of 
Experiment 1, with stimuli created from real vocal productions. In both experiments, perceived interval 
size varied as a function of spectral centroid and pitch contour, with larger size estimates associated with 
sequences possessing congruent contours. In Experiment 3, we assessed influence of phoneme on pitch 
perception (a pitch matching task). There was no systematic effect of phoneme on pitch matching, 
indicating that the effects found in the first two experiments were not due to distortions at the level of 
individual pitch perception. An important implication of our findings is that word selection in vocal music 
may influence the experience of interval size between neighboring tones in predictable ways. 
 
Russo, F.A. & Thompson, W.F. (2005a). The subjective size of melodic intervals over a two-octave range. Psychonomic Bulletin &  

Review, 12, 1068-1075. 
Russo, F.A., & Thompson, W.F. (2005b). An interval-size illusion: The influence of timbre on the perceived size of melodic intervals.  

Perception & Psychophysics, 67, 559-568. 
Thompson, W. F., & Russo, F. A. (in press). Facing the music. Psychological Science. 
 
 
B.4: Music disrupts pressure force more than speech during sensorimotor synchronization 
Anita Bialunska & Simone Dalla Bella (University of Finance and Management, Warsaw, Poland) 
 
anita.bialunska@vizja.pl  
 
The coordination of movement with rhythmic stimuli (e.g., music during dance) is a universal human skill. 
Still, not all rhythmical auditory stimuli are equally tied to motion. For example, people often move in 
synchrony with musical beats whereas synchronization of movement with speech accents is rare. This 
intuition received support in a recent study (Bialunska & Dalla Bella, submitted) in which we asked non-
musicians to tap their index finger in synchrony with an isochronous auditory sequence (i.e., metronome) 
while music or speech distractors were presented. We found that musical distractors attracted movement 
more strongly than speech distractors. In the present study we examined whether similar findings can be 
replicated with a different task in which participants synchronized with the metronome by changing 
fingers’ pressure force instead of performing a classical tapping task. Twenty-eight non-musicians were 
asked to produce short-duration force pulses with their index finger on a force transducer along with an 
isochronous auditory target sequence (i.e., tones with 600 ms IOI) while a distractor was presented, 
namely music or speech. Musical distractors were 3 excerpts from highly familiar musical pieces (i.e., 
Circus music, Sleighride, Bee Gees’ Stayin’ Alive). Speech distractors were 3 well-known excerpts from 
Polish children poetry read by an actor instructed to synchronize speech accents with an external 
metronome (IOI = 600 ms). The distractors were presented at one of various phase relationships with 
respect to the target. The accuracy of synchronization between pressure force trajectories and the target 
sequence, as revealed by anisynchrony, the time of occurrence of the maximum pressure force, and their 
variability, was more affected by music than by speech distractors. The effect of the distractors was larger 
when distractors preceded the target tones than when they followed them. In sum, there is converging 
evidence that musical rhythms attract movement more than stress structure in speech. Music, because of 
the regularity of its metrical structure, and with its pervasive tendency to rhythmically engage our body, is 
perfectly suited for action coordination.  
 
 
B.5: Do lyrics and tune telling different stories disturb the listeners? 
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Pascale Lidji (University of Brussels, BRAMS), Régine Kolinsky (University of Brussels & Fonds Nationale 
de la Recherche Scientifique, Belgium), Isabelle Peretz (University of Montreal, BRAMS), Julien-Pierre 
Vanasse-Larochelle (University of Brussels, Université du Québec à Trois-Rivières) & José Morais 
(University of Brussels) 
 
plidji@ulb.ac.be  
 
Songs are often described as ideal material to explore the processing specificity of language and music. 
Indeed, they interlace both components in one physical stimulus. In the present study, the interactions 
between the lyrics and the tune of sung sentences were examined with Garner’s (1974) speeded 
classification task. This paradigm allows us to determine if the components of a stimulus are processed 
as being integrated or separated. In order to specify if song components interact at a high, semantic level 
or on a more perceptual level, the congruency between the lyrics and the tune was also manipulated in a 
Stroop-like design. Forty-eight non-musicians had to classify, as fast as possible, the French sentences 
“ça descend” (“it goes down”) et “ça remonte” (“it goes up”) sung either on a descending (G3-E3-C3) or on 
an ascending melody (G3-B3-D4). This classification task was run on the basis of the melodic contour in 
one experimental block and on the basis of the lyrics in another block. Response times (RTs) were 
compared in the redundant, baseline and orthogonal conditions described by Garner. In addition, the 
potential congruency effects (slower RTs when the lyrics and the tune carry different “meanings”) were 
examined. Contrasting with studies on the interactions between word meaning (high / low) and auditory 
dimensions like pitch and loudness (Melara & Marks, 1990), no clear integrality pattern was observed. 
However, the congruency between the semantic content of the lyrics and the melodic contour modulated 
the reaction times. These results suggest that lyrics and tunes may interact at a late semantic level but 
not at an early, acoustic level.  
 
 
Pedagogy  
 
B.6 : Warm-ups for two-part contrapuntal dictation? 
Christine Beckett (Concordia University, BRAMS)          
 
cbeckett@alcor.concordia.ca 
 
Following earlier work on dictation accuracy for 2-part counterpoint (Beckett 1993, 1997), this study 
explored the effects of warm-ups before 2-part dictation. Could a preparatory activity affect accuracy on 
this type of dictation? Both musical and non-musical warm-ups were examined.  
 
Method: 30 undergraduate music majors (22 male; mean age = 21.8 years) did warm-ups of either 
harmonic intervals (n = 10), or harmonic progressions (n = 10), or verbal materials (n = 10), in 3 separate 
groups. Within each group, 5 participants did dictation of tonal counterpoint, and 5 did closely-matched 
non-tonal counterpoint. Over 8 spaced sessions, warm-ups and dictations got gradually harder. One 
person left after 5 sessions, reducing the interval group to n = 9 (data excluded).  
 
Analysis and Results: Percentage accuracy was calculated for dictations, and is presented by warm-up 
with standard deviations in brackets. For tonal dictation: intervals 86.6 (16.7); progressions, 85.3 (18.3); 
verbal, 69.0 (33.1). For non-tonal: intervals 49.4 (15.5); progressions 43.6 (26.7); verbal 41.5 (32.0). 
Three one-way Anovas (warm-up x overall accuracy, warm-up x tonal accuracy; warm-up x non-tonal 
accuracy) showed a significant warm-up effect warm-up (F = 4.518, p < .05) for tonal dictation only (F = 
6.735, p < .01). Compared to musical warm-ups, verbal warm-ups lowered tonal dictation accuracy 
significantly (p < .05). No warm-up affected the (consistently abysmal) non-tonal dictations. There was no 
correlation between accuracy on warm-ups and accuracy on dictation (Pearson 2-tailed = .111, p < .09).  
 
Discussion: It seems reasonable that a musical warm-up might stimulate musical neural processing, thus 
favouring subsequent musical activity. Both tonal and non-tonal dictations showed highest means after 
interval warm-ups; progressions also yielded good tonal accuracy scores. Other warm-ups than these 
could be investigated, including (relative) silence. That verbal warm-ups hindered accuracy of musical 
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perception was unusual (Zatorre & Beckett, 1989), warranting replication and further research. The very 
low overall accuracy of non-tonal counterpoint suggests a need for specific techniques to be devised and 
tested for this activity which is highly relevant to twentieth

 

and twenty-first
 

century music.  
 
Conclusions: 1.Verbalizing while teaching music is necessary, but it might be advisable to use musical 
warm-ups before resuming musical activities. 2. One needn’t aim for high accuracy on warm-ups—they 
merely get students “into the zone”. 3. Further research is needed to explain why verbal warm-ups led to 
low dictation accuracy. 4. Non-tonal counterpoint perception requires investigation of new techniques.  
 
 
B.7: Cognitive approaches for acousmatic music perception and analysis  
Leah Barclay (Griffith University, Cooroy, Queensland, Australia)    
 
leah.barclay@student.gu.edu.au 
 
This poster presentation explores the development and theory of the ‘Acousmatic Score’, a unified and 
accessible model for addressing the perception and valuation of Acousmatic music. The Acousmatic 
Score is not intended for a particular style of analysis, but rather a vital platform of knowledge that can act 
as a versatile pedagogical tool and point of departure for future investigations in this area. The model is 
founded on cognitive principles coming to fruition throughout postgraduate study in composition and 
intimately linked to the author’s artistic output. In essence, the Acousmatic Score unites the 
methodological contributions of four of the most remarkable minds in the scene; Albert Bregman, Dennis 
Smalley, Simon Emmerson and Trevor Wishart. Despite the validity and sheer ingenuity of each 
individual study, initially they can be overwhelming, but by uniting the underlying theories an all 
encompassing model is revealed. This poster provides an informative introduction into the Acousmatic 
Score and offers insight into the preliminary validity of a truly unified and accessible model for addressing 
the perception and valuation of Acousmatic music through cognitive methodologies. 
 
 
B.8: Kindergartners’ musical representations through invented notations  
Jonathan Bolduc (University of Ottawa)             
 
jonathan.bolduc@uottawa.ca 
 
The pedagogical interventions that were carried out during preschool revealed that music education had a 
notable effect on the perceptive development of children, thanks to, among others, activities focused on 
auditory discrimination and song learning (Campbell & Scott-Kassner, 2002; McPherson, 2006). Although 
these studies are interesting, we note nonetheless that a whole chunk of music development is often 
neglected. In fact, programs that consider the development of invented notations are still few and far 
between, despite the fact that they offer a new insight into representations and knowledge that children 
possess regarding music (Barrett, 2005; Upitis, 1990). In reference to linguistic development, we observe 
that the approach linked to first writing, named “invented spelling”, was quickly integrated into teachers’ 
educational practices in preschool, because they allow a better understanding of what children know 
about the written word before formal education begins (Besse, 2000; Morin & Montesinos-Gelet, 2003). 
Taking into account the relevance of research on a linguistic level, it followed that if we examine the 
production of invented notations this enables a better understanding of preschool-age children’s 
representations of music. This pilot research was carried out on a class of kindergarten pupils (n = 18). 
During a period of 10 weeks, the pupils participated in a music education program for 40 minutes per 
week, in which various play activities aimed at learning the musical code were offered. An invented 
notation task was accomplished by all the participants at the beginning and at the end of the program. 
Guided by their own inspiration, pupils had to graphically reproduce a section of the song Twinkle Twinkle 
Little Star. The results obtained clearly show that children possess some knowledge about music. In the 
pretest, a number of subjects drew the height of musical sounds and were capable of reproducing on 
paper the same number of sounds heard. In the post-test, we observe that subjects were more aware of 
the musical code and tried to normalize their production. The production of invented notations sheds light 
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on how children conceive of music and offers ideas for interesting future research regarding musical 
development during early childhood. 
 
Barrett, M.S. (2005). Representation, cognition, and communication: Invented notation in children’s musical communication. In D.  

Miell, R. MacDonald, D. Hargreaves (Eds.), Musical communication (117-142). Oxford: Oxford University Press. 
Besse, J.-M. (2000). Regarde comme j’écris! Écrits d’élèves, regards d’enseignants. Paris: Magnard. 
Campbell, P. S., & Scott-Kassner, C. (2002). Music in childhood: From preschool to the elementary grades (2nd ed). NY: Schirmer. 
McPherson, G.E. (2006). The child as musician: A handbook of musical development. Oxford: Oxford University Press. 
Morin, M.-F. & Montésinos-Gelet, I. (2003). Les commentaires métagraphiques en situation collaborative d'écriture chez des enfants  

de maternelle. Archives de Psychologie, 70(272-273), 41-66. 
Upitis, R. (1990). This too is music. Portsmouth: Heinemann. 
 
B.9: Real-time visual feedback in music pedagogy: Do different visual representations have 
different effects on learning? 
Alex Brandmeyer, Renee Timmers & Peter Desain (Nijmegen Institute of Cognition and Information, 
Radboud University Nijmegen, Netherlands) 
 
a.brandmeyer@nici.ru.nl 
 
Background:  The PracticeSpace project aims to develop a real-time visual feedback system for aiding in 
the learning of expressive musical performance skills. Recent research has indicated that real-time visual 
feedback can improve the quality of musical performances by students when compared to those of 
students who did not have the assistance of visualization methods. However, this research has been 
mostly limited to singing, and has not looked in depth at the effects of different visual representations. We 
hypothesize that the real-time visual feedback conditions will improve performance over the control 
condition, as well as rate of learning. Additionally, we hypothesize that feedback providing reduced, high-
level information about expressive style would improve performances more than feedback displaying 
detailed information about each note of the performance, due to reduced cognitive load.  
 
Methods:  In this study, we had 18 conservatory percussion students perform repeated imitations of six 
performances by a drum teacher, with and without the help of two different real-time visualizations. The 
target performances consisted of two rhythm patterns (8th note and 16th note), with three expressive 
variants for each pattern (on-the-beat, rushed, and laid-back). The first visualization we refer to as 
analytic feedback. It displayed a score-like representation including voice, timing, and dynamics 
information for each performed note. The second visualization was called holistic, and showed a simple 
shape representing the accuracy of a performance in imitating the target’s expressive style. This shape 
was updated in real-time based on measurements of expressive timing and dynamics from the imitation. 
Following the experiment, we had participants complete a questionnaire to gather qualitative data about 
the usefulness and ease of understanding of the two visual representations. 
 
Results:  Students indicated that they felt positively about the visual feedback, and felt that it would be 
useful for their study. They were more enthusiastic about analytic feedback, indicating that it was easier 
to interpret. The results of analysis indicate that the accuracy of the imitations significantly improved 
across trials. Overall performance was significantly higher in the holistic condition, with no significant 
difference between the analytic and control conditions. No ceiling effect on accuracy of imitation was 
observed across trials, indicating that longer training periods could lead to additional improvements. 
Therefore, we conclude that further research involving longer periods of training with visual feedback is 
needed to fully explore the effects of visual feedback on musical performance quality. 
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B.10: Integration of improvisation in violin lessons: A path to increase the decisional latitude  
in the teaching-learning context 
Noemie L. Robidas, Chantal Masson-Bourque & Louise Mathieu (Université Laval, Quebec, Canada) 
 
noemierobidas@hotmail.com 
 
A substantial number of young musicians abandon their course of training. The dropout and retention 
problem can be explained by factors related to the pupil, the teacher, the given social environment and 
the teaching-learning context (Davidson, Sloboda & Howe, 1996; Hallam, 2002; Moore, Burland & 
Davidson, 2003; Hurley, 1995; Morehouse, 1987). We focus our attention on the teaching-learning 
context of violin, since in the Western classical music tradition teaching is often carried out in a 
constraining psychosocial context that leaves very little decisional latitude to the pupil (Persson, 1995). 
This kind of context is likely to generate physical and psychological tensions (Karasek & Theorell, 1990).  
 
On the other hand, a work context which presents high psychological demands but gives place to great 
decisional latitude supports motivation and training (Karasek & Theorell, 1990). Consequently, integrating 
creative activities, such as improvisation—which leaves place for decision making by the pupil—into 
teaching, seems a relevant way to improve retention in instrument learning. However, violin teachers do 
not have access to suitable material allowing for the integration of improvisation within the framework of 
their individual lessons (Azzara, 2002). The elaboration of a didactic tool that facilitates the integration of 
improvisation into violin teaching constitutes the goal of our study. 
 
The elaboration of this didactic tool is done with the collaboration of three selected violin teachers and 
follows a four-stage methodological approach based on Van Der Maren’s (1995) model: a) demand 
analysis, b) object analysis, c) preparation and d) evaluation. The sequences suggested by the new tool 
primarily follows Webster’s (2002), Kratus’s (1996) and Azzara & Grunow’s (2006) models, as well as 
some basic violin technique principles. 
 
Following its elaboration, the initial prototype undergoes a series of “adaptive-interactive” evaluations 
based on the Learner Verification and Revision by Stolovitch (1982) with the collaboration of the chosen 
teachers and some of their pupils. The generated data, collected through direct observation, field notes, 
video recordings and semi-directed interviews, are qualitatively analyzed and used to improve the 
prototype. Observations from teachers and students regarding the implementation process are also 
reported.  
 
This methodological approach will allow us to have at our disposal a didactic tool rigorously designed to 
meet the needs of both teachers and pupils in increasing the decisional latitude in the violin teaching-
learning context.  
 
 
Musical Training Effects  
 
B.11 : Effects of musical training on young children's perception of harmony 
Kathleen Corrigall & Laurel J. Trainor (McMaster University)               
 
LJT@mcmaster.ca 
 
Trainor & Trehub (1994) found that, like adults, 7-year-old children who were not involved in formal music 
lessons found it easy to detect a change in a melody if the deviant note went outside of the key, or if it 
remained in the key but changed the implied harmony at that point; however, they found it difficult to 
detect the change if it remained both in the key and in the implied harmony. Five-year-olds, in contrast, 
could only detect the change if it violated the key structure. In the present study, we examined whether 
formal music training would influence harmonic perception in children between 3 and 5 years of age. 
Twenty children were enrolled in music lessons, and 16 were not involved in any formal musical training. 
Groups were equivalent in socioeconomic status, and most children were enrolled in a private school. 
Children heard the familiar children’s song Twinkle Twinkle Little Star under three conditions: (1) melody 
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alone, (2) melody accompanied by chords, and (3) chords alone. In each condition, half of the trials were 
presented in the original form, and half contained a change to either the final melody note (in condition 1) 
or the final chord (in conditions 2 and 3). For each condition, there were three categories of deviance: (1) 
out of key, (2) in key, but out of harmony, and (3) in key and in harmony. For conditions 1 (melody) and 2 
(melody accompanied by chords), children judged whether each trial ended correctly or incorrectly. For 
the chords alone condition, children judged whether each trial sounded good or bad. 
 
Results of the 36 children tested to date show no significant differences between trained and untrained 
groups in the melody alone condition. Performance was near ceiling in all deviant categories, indicating 
that all children were very familiar with the melody. For the other conditions, the only deviant category that 
differed between those children taking music lessons and those not taking any lessons, once age had 
been factored out, was the out-of-harmony category (for the melody accompanied by chords, F(1,33) = 
6.57, p = .015; for the chords alone condition, F(1,33) = 3.70, p = .063). Trainor & Trehub (1994) 
observed that sensitivity to out-of-harmony deviants improved between 5 and 7 years of age in children 
not taking lessons. Our results suggest that younger children enrolled in music lessons develop harmonic 
perception earlier than children who are not involved in formal music training. 
 
 
B.12: Does musical experience influence auditory & visual attentional interference? 
Holly Blasko-Drabik (University of Central Florida), Michael D. Hall (James Madison University), Victoria 
Kazmerski & Dawn Blasko (Penn State University, The Behrend College) 
 
HollyBlasko@gmail.com 
 
Recent studies have suggested that musical training may impact both domain specific and domain 
general processes. For example, larger increases in IQ have been observed in children who were 
randomly assigned to take instrumental music lessons relative to an alternative activity (Schellenberg, 
2004). In the current study we investigated the influence of musical experience on attentional 
interference, comparing the classical visual Stroop (color/word) with an auditory musical Stroop task. We 
compared participants with six or more years of instrumental training to those with two years or less of 
training. 
 
In the musical task, participants were presented trumpet or violin tones that were either congruent or 
incongruent with a spoken word (“brass” or “string”). Vocoder synthesis was used to amplitude modulate 
a tone by a word, resulting in an integrated stimulus. Participants were asked to ignore the word and 
respond to the stimulus timbre. Event-related brain potentials (ERPs) were recorded for 64-channels 
during visual and auditory tasks. Statistical analyses of the mean amplitudes across 100 ms bins were 
conducted for 12 electrode positions. Both groups showed evidence of Stroop interference, responding 
slower and less accurately to incongruent stimuli. In the musical task highly trained musicians also made 
fewer errors than those with less training, suggesting that training improves timbre judgments. ERP 
analyses of the musical task showed condition by training effects across the recording epoch. The highest 
order interaction was in the 500-600 ms bin (Condition x Laterality x Front/Back x Musical Training). 
Highly trained musicians showed greater negativity to congruent trials relative to incongruent trials. Those 
with less musical experience showed a late posterior positivity (1000 ms) for congruent in comparison to 
incongruent trials. Preliminarily SOURCE localization analyses were conducted on the difference 
waveforms. The results suggested primary activity in left frontal cortical regions. This supports similar 
findings that these regions are involved in executive functions and attentional inhibition (Markela-Lerenc 
et al., 2004). 
 
Interestingly, there were similar effects of musical experience in the visual Stroop task. Relative to highly 
trained musicians, participants with less training also showed enhanced positivity in the 700-1000 ms 
range for congruent trials, which may relate to response competition. This implies that there may be 
general cognitive benefits of musical training. Overall results indicate that musical training (or some 
correlated variable) influences attentional mechanisms (e.g., inhibitory functions) on a broader spectrum 
than timbre judgment alone.  
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B.13: The effect of metricality on auditory-motor synchronization in early and late-trained  
musicians    
Maria Richard, Jennifer A. Bailey & Virginia B. Penhune (Concordia University) 
 
vpenhune@alcor.concordia.ca 
 
A previous study from our laboratory (Watanabe et al., 2007) showed enhanced sensori-motor 
synchronization performance in musicians who began their training before the age of seven (ET = early-
trained) compared to those who began training after age seven (LT = late-trained). These findings support 
the idea that there may be a sensitive period in childhood where enriched motor training through musical 
practice results in long-lasting benefits for performance later in life. The task used in this experiment 
required musicians to synchronize their motor responses with visually presented rhythms, indicating that 
ET musicians’ enhanced motor abilities generalized beyond their principle domain of training – auditory-
motor synchronization. However, it is also possible that the visuo-motor task was more difficult, and thus 
pulled out differences between the groups that might not have been present if they were performing in the 
auditory domain. For this reason, the present experiment was designed to examine possible differences 
between ET and LT musicians on an auditory-motor synchronization task. 
 
In this experiment we tested ET and LT musicians who were matched for: years of musical training and 
experience, years of formal training and hours currently practiced. All musicians were either students in 
music programs at McGill or Concordia Universities, or professional musicians. In the task used in this 
experiment, musicians were required to tap in synchrony with auditory rhythms that varied in metrical 
complexity as defined by Povel and Essens (1985). There were three levels: metric simple (MS), metric 
complex (MC) and non-metric (NM). All rhythms contained 11 sounds (woodblock; 200 ms duration) and 
were made up of the following intervals: 5 eighth notes (each 250 ms), 3 quarter notes (each 500 ms), 1 
dotted quarter note (750 ms), 1 half note (1000 ms), and 1 dotted half note (1500 ms). Tap 
synchronization and interval reproduction were measured. In a previous experiment using the same 
stimuli, we found that a group of ET musicians showed better synchronization and more accurate interval 
reproduction for the metric simple rhythms than the non-metrical rhythms (Chen, et al., in press). In the 
present experiment we predict that the ET and LT musicians will perform similarly on the MS rhythms, but 
that ET musicians would perform better on the MC and NM rhythms. These findings would give further 
support for the presence of a sensitive period in motor development that has its greatest effect on neural 
systems involved in sensori-motor integration and timing. 
 
 
B.14: Musically-trained five-year-olds identify mode in music  
Gunter Kreutz, (Royal Northern College of Music, UK)               
 
gunter.kreutz@rncm.ac.uk 
 
Dalla Bella, Peretz, Rousseau and Gosselin (2001) reported that five-year-old children use the tempo 
information in music (slow/fast) in order to decode the ‘happy’ or ‘sad’ affect of a melody, while older 
children only use the mode information (major/minor) to differentiate affect. The paper reports 
experiments, in which groups of five-year-old and six-to-eight-year-old children participated who had at 
least one year of early music education. To replicate the original study, participants rated the emotional 
tone in classical compositions (Experiment 1), and unfamiliar short melodies (Experiment 2) that were 
systematically manipulated in terms of mode and tempo. Differential effects were observed with respect 
to age group and training in both experiments. In particular, musical training influenced the perception of 
mode in children as young as five years of age. The findings thus extend the previous research by 
suggesting influences of training on mode perception in young children. It is concluded that longitudinal 
studies of early music learning as well as further investigations of individual differences are necessary to 
identify factors enabling young children to identify mode in music. 
 
Dalla Bella, S., Peretz, I., Rousseau, L. & Gosselin, N. (2001). A developmental study of the affective value of tempo and mode in  

music. Cognition, 80, B1-B10. 
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Physiology II  
 
B.15: A role for the intraparietal sulcus in performing musical transposition judgments 
Nicholas Foster & Robert J. Zatorre (Montreal Neurological Institute, McGill University, BRAMS) 
 
nick.foster@mail.mcgill.ca 
 
Introduction:  The present study was designed to dissociate different aspects of perceptual skill that 
accompany advanced musicianship, and to explore their neural substrates. We developed three 
complementary music-related perceptual tasks and used fMRI to examine differences in activation 
between highly trained musicians and non-musicians. We were particularly interested in musical 
transposition ability (e.g., hearing a tune in one key and recognizing it when played in a different key) and 
hence designed a task to target this cognitive operation. 
 
Method:  Three musical same/different pattern discrimination tasks were pilot tested and verified to be 
sensitive to musical training. We tested nine highly trained right-handed musicians and eleven non-
musicians on these tasks. In the Simple Melodic (SM) condition, subjects heard two short isochronous 
melodic patterns, in which one note of the second pattern was altered on half the trials. The Transposed 
Melodic (TM) condition was similar, but the second melodic pattern in the trial was raised in pitch by 4 
semitones, requiring subjects to use interval information rather than absolute pitch information. In the 
Rhythm condition, subjects heard two short monotonic rhythmic patterns, in which the second pattern 
contained a subtle temporal alteration in half the trials. The same subjects returned to perform adapted 
versions of the tasks while being scanned with a sparse-sampling EPI fMRI protocol. Two control 
conditions were added: a silence baseline and a control condition consisting of isochronous, monotonic 
patterns. 
 
Results and Discussion:  As expected, performance on the tasks was generally better for musicians. All 
three perceptual tasks evoked robust BOLD signal in the superior temporal gyrus and ventral frontal 
areas compared to control. Compared to SM, the TM condition had greater activation in the left anterior 
cingulate and bilateral intraparietal sulcus (IPS). During the TM condition, BOLD signal in a region within 
the right IPS correlated highly with task performance. No correlation between BOLD signal and task 
performance was found for the Rhythm task. 
 
Successful performance of the TM task requires subjects to encode and compare auditory patterns 
having different tonal reference points—a complex task in which simple tonal memory is not sufficient. 
The involvement of the IPS in judgments and transformations of visual frames of reference has been well 
characterized. Our results point to a role for the IPS in transforming high-level auditory information. We 
suggest that this area may support a more general capacity for manipulation and comparison of stimulus 
attributes that are abstracted from the stimuli they describe. 
 
 
B.16 Auditory cortex changes after micromelody learning 
 
Robert J. Zatorre (Montreal Neurological Institute, McGill, BRAMS), Karine Delhommeau (McGill 
University) & Jean Mary Zarate (Montreal Neurological Institute, McGill, BRAMS) 
 
robert.zatorre@mcgill.ca 
 
Many neuroscience findings support the idea that an expansion of auditory cortical territory accounts for 
frequency-specific learning; but can such a phenomenon explain more abstract learning? We tested this 
question using micromelodies. We developed a discrimination task in which subjects listened to two 
consecutive 7-note pseudo-randomly generated patterns of pure tones (centered around 250 Hz), and 
judged them as same or different. The intervals between adjacent notes were systematically varied 
between 60 cents and 5 cents. Ten non-musician subjects were trained over six learning sessions 
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(spaced over two weeks) using a staircase procedure with feedback. Two test sessions without feedback 
were also given before and after training.  
 
fMRI testing was carried out before and after training. In each fMRI scan session, subjects listened to 
pairs of patterns either in a passive condition, or in an active condition in which they made same/different 
judgments. We used a sparse-sampling protocol (TR = 10 s) on a 1.5 T Siemens scanner, with 
conventional T2* weighted BOLD imaging parameters.  
 
Behavioral findings revealed significant learning over the course of training; no learning was seen for a 
control group that was tested twice but not trained. Training generalized to patterns centered at non-
trained frequencies (500 Hz and 1150 Hz), indicating that learning took place at an abstract level of 
representation, and was not merely a consequence of enhanced discrimination ability at one specific 
frequency. 
 
Extensive BOLD signal in auditory areas was elicited in both conditions, but was reduced after learning; 
conversely, an increase was seen in right dorsolateral frontal cortex. Covariation analysis with interval 
size as a regressor revealed large responses throughout the auditory areas bilaterally in both passive and 
active conditions prior to learning, with a marked rightward asymmetry. After learning there was reduced 
covariation in the active condition. Direct comparison of post- to pre-learning confirmed that the slope of 
the BOLD function in relation to interval size was less steep after learning, and the maximal locus of this 
effect was in the right planum temporale. 
 
We conclude that micromelody perceptual learning is mediated not by expansion of cortical territories, but 
by changes in the pattern of response. Specifically, the flatter response to interval size in right planum 
temporale suggests that this area codes for pitch intervals and/or contours, and that the smaller intervals 
are processed more similarly to the larger intervals after training. Increased response in right frontal 
regions suggests enhancement of working memory mechanisms subsequent to training. 
 
 
Development/Children II  
 
B.17: Finding the pitch of the missing fundamental in infants 
Chao He, Lisa Hotson & Laurel J. Trainor (McMaster University)               
 
LJT@mcmaster.ca 
 
When listening to music, the frequency components of complex sounds are separated on the basilar 
membrane and processed in tonotopic maps throughout subcortical nuclei and primary auditory cortex. 
However, they are eventually integrated such that we perceive a single tone with a particular timbre. This 
process is complex as music often contains simultaneous tones, and the frequency components across 
all tones must be correctly integrated into separate auditory objects. This integration process can be 
examined with sounds that are missing their fundamental (lowest) component. The pitch of such sounds 
does not change (although the timbre changes) because the repetition rate of the complex does not 
change, and pitch is derived from the pattern frequencies, not just the fundamental. 
 
This integration process is thought to occur in secondary auditory cortex (Schneider et al., 2005; Bendor 
& Wang, 2005). Using the conditioned head turn procedure, Clarkson and colleagues have shown that 7-
month-olds can perceive the pitch of the missing fundamental (Clarkson et al., 1988, 1992, 1995). 
However, behavioural techniques are less robust with younger infants, and the age at which this ability 
emerges remains unknown. Our previous studies using event-related potentials derived from EEG 
measurements have revealed that the auditory cortex matures dramatically between 2 and 4 months of 
age, with adult-like mismatch negativity (MMN) responses to changes in pitch present at 4 months, but 
only immature slow positive wave responses to pitch changes present at 2 months. To test whether 
young infants can perceive the pitch of the missing fundamental, we used an oddball paradigm. Standard 
trials were presented 86 percent of the time, and each of the 6 standard trials (presented in random 
order) consisted of two tones where the fundamental frequency was always present and each frequency 
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component rose from the first to second note. The deviant trial was the same as the standards except 
that the components were chosen so that adults perceived a low missing fundamental in the second tone. 
Thus, the pitch appeared to go down, even though all of the components rose between the two tones of 
the deviant. Both adults and 4-month-olds produced a significant MMN response on the second note of 
the deviant trials, a response that would have occurred only if the pitch of the missing fundamental was 
perceived. These results indicate that infants as young as 4 months of age perceive the pitch of the 
missing fundamental similarly to adults. 
 
 
B.18: Long-term memory for melodic pitch in infants 
Judy Plantinga, Andrea Unrau & Laurel J. Trainor (McMaster University)    
 
LJT@mcmaster.ca 
 
Several studies have shown that infants can remember melodies over long time delays (Ilari & Polka, 
2006; Plantinga & Trainor, 2005; Saffran, Loman, & Robertson, 2000; Trainor, Wu & Tsang, 2004). It is 
also known that infants can process both pitch structure and rhythm structure (e.g., Demany, McKenzie & 
Vurpillot, 1977; Chang & Trehub, 1977; Trainor & Trehub, 1992; Philips-Silver & Trainor, 2006; Hannon & 
Johnson, 2005). The purpose of the present study was to test whether infants specifically remember the 
pitch information in a melody over a long time delay. The stimuli were two old English folk songs, which 
were identical in number of notes and similar in pitch range. The original songs were in different meters 
(4/4 and 6/8). However, the rhythm of one song was superimposed on the pitches of the other so that 
both songs were in 4/4 time and had identical rhythm patterns. Half of the infants were familiarized with 
one of the songs at home for seven days, and half were familiarized with the other. On the eighth day, 
infants were tested for recognition of the familiar melody using the head-turn preference procedure. 
Infants were presented with the novel melody from a speaker to one side and the familiarized melody 
from a speaker to the other side (side was randomized across infants). Infants controlled how long they 
listened to each melody by their looking behavior, as a trial began when they looked to the appropriate 
side and ended when they looked away. An ANOVA revealed that infants preferred to listen to the novel 
melody, F(1, 14) = 5.61, p = .033, indicating that they recognized (and were bored by) the familiar 
melody, even though the rhythms of the two melodies were the same. We are currently testing infants’ 
ability to differentiate between the two melodies when the songs are presented in transposition. 
 
 
B.19: Music, emotion and childhood memories   
Chris G. Trimmer, L. L. Cuddy & A. D. Vanstone (Queen’s University, Kingston, Ontario) 
 
4cgt1@qlink.queensu.ca 
 
The study of how everyday listeners interact with emotions in music is often overshadowed by a focus on 
the role of musicianship in successfully communicating those emotions. To help resolve this imbalance, 
Juslin and colleagues (Juslin & Laukka, 2004; Juslin, Laukka, Liljeström, Västfjäll & Lundquist, 2005) 
have developed a 30-item questionnaire to assess the various ways everyday listeners use music to 
enhance, resolve, or otherwise handle emotional situations. One noteworthy finding has been that 
participants tend to base their judgments of emotional responses to music on ‘memories and personal 
experiences’, a construct second only to ‘musical factors’ (Juslin & Laukka, 2004). This finding highlights 
the potential influence of salient memories for musical events in musical emotional experience. The 
present study proposes that childhood memories are a strong component of salient memories. It is 
proposed that the correlates of early exposure to music in childhood (e.g., Thompson, Schellenberg & 
Husain, 2004) include early memories of musical experience which in turn influence the frequency of 
emotional responses to music in adulthood. In the current study, 40 participants (mean age = 21.4 yrs., 
SD = 2.1; 24 females and 16 males) completed a Music and Emotion questionnaire (Juslin et al., 2005). 
Each individual was also assessed on a standard test of emotional intelligence (MSCEIT; Mayer, 
Salovey, Caruso & Sitarenios, 2003) and a battery of music perception and memory tests (MBEA; Peretz, 
Champod & Hyde, 2003). Factor scores were also obtained from a 28-item self-report music 
questionnaire representing the four factors of vocal production ability, music training background, music 
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listening habits, and childhood memories of music (Cuddy, Balkwill, Peretz & Holden, 2005). Finally, a 
composite score from the Music and Emotion questionnaire was derived to reflect assessments of 
specific emotional experiences and associations during music listening. The composite score was 
significantly correlated with frequency and degree of musical interaction in childhood--singing, music 
listening and general exposure to music [r (38) = .58, p < .001]. It was not related, however, to amount of 
music training, music perceptual/memory skills, and emotional intelligence scores [all p > 0.30]. The 
current study reveals an often overlooked, albeit intuitive, relationship. The remembered quality of 
musical experiences in childhood, and its resonance later in life, could significantly impact the way we use 
music to regulate our own emotions.  
 
 
Music, Media, Emotion  
 
B.20: Presenting music before or after a film character is shown: Effects on interpretation of 
characters’ emotions 
Siu-Lan Tan (Kalamazoo College), Matthew P. Spackman (Brigham Young University) & Matthew A. 
Bezdek (Kalamazoo College) 
 
tan@kzoo.edu 
 
Previous research addressing the effects of film music has usually studied viewers’ responses to music 
played simultaneously with a scene of interest. The present study examines whether music can also 
influence viewers’ interpretations of a film character’s emotions if presented before or after the character 
is shown. 177 undergraduates (mean age = 20.3 years, SD = 3.24) watched four 60-second film excerpts 
and completed rating scales describing the emotion of the main character. Each film excerpt was 
accompanied by 15 seconds of music shown in previous research to reliably convey happiness, sadness, 
fear, and anger. The music excerpts were played before or after a character (with no clear or distinct 
emotional expression) appeared, overlapping with the character for only several seconds. 
 
A significant emotion of music main effect was found, F = 25.234, p <.001. There was a direct 
correspondence between the emotion of the music and participants’ judgments of which emotions the film 
characters were experiencing (e.g., the fear music resulted in participants attributing fear to characters, 
the sadness music resulted in participants perceiving the characters as sad, etc.). 
 
In addition to the main effect for emotion of music, there was a placement of music main effect, F = 3.463, 
p =.001. For the most part, participants perceived characters’ emotions to be more intense when the main 
action sequences were preceded by the music pieces than when the music pieces followed the main 
action sequence. There was also a significant emotion of music by placement of music interaction F = 
1.699, p =.014. Participants’ perceptions of characters’ emotions more closely reflected the emotions 
expressed in the musical pieces when the pieces were played prior to the main action sequence for the 
anger, fear, and sadness conditions. 
 
Other analyses examined the effects of the emotion of the music and placement of the music on 
participants’ perceptions of film characters’ emotion-relevant physiological states and the relative 
contribution of facial expression and music in identifying film characters’ emotions. The findings are 
discussed in the context of previous studies on film music, and possible forward and backward priming 
effects. 
 
 
Performance Issues  
 
B.21: Hearing through the eyes: The movements of performers deceive our ears 
O’Neal Mundle & Eugenia Costa-Giomi (University of Texas at Austin)        
 
costagiomi@mail.utexas.edu 
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We investigated the influence of gestures made by musicians while performing on audience's perceptions 
and interpretations of the performances. Audio-visual recordings were made of a harpsichordist and an 
organist, each performing two pieces. Both musicians performed each piece twice: with exaggerated 
expressive movements and with gestures suppressed (i.e., deadpan). They wore an ear metronome to 
reduce timing nuances and played on instruments that, because of their non-touch sensitive keyboard 
mechanism, have homogeneous dynamic levels. 
 
Ninety-six non-music students from a large university viewed pairs of the expressive movement/immobile 
performances and chose the version in each pair that (1) was faster, (2) was more musically interesting, 
(3) conveyed greater emotion, (4) had more dynamic contrast, (5) had greater intensity, and (6) was a 
better performance. They were also asked which of the two performances they preferred.  
 
Results indicate that subjects overwhelmingly chose excerpts in which there was greater movement. In 
fact, except for one instance, all results showed statistically significant differences, in which the 
“exaggerated” option was chosen more often than the “deadpan” and “cannot tell” options. 
 
The findings of the study highlight the importance and salience of visual cues provided by the performers 
for the perception and interpretation of music. When evaluating performances, listeners rely so heavily on 
visual cues that they can be deceived into hearing things that actually didn’t happen. 
 
 
B.22: Cued recall of memory for performance: A case study 
Kristen T. Begosh, Roger Chaffin (University of Connecticut) & Luis Claudio Barros (Universidade do 
Estado de Santa Catarina, Florianopolis/SC-Brazil) 
 
kristen.begosh@uconn.edu 
 
Musicians employ the same techniques as other expert memorists during practice – meaningful encoding 
of material, development of a retrieval structure, and insurance of rapid retrieval from long-term memory – 
to prevent making mistakes during live performances. Chaffin, Imreh, and Crawford (2002) showed that 
during practice, a professional pianist used these techniques, and carefully selected locations in the 
music corresponding to three different types of performance cues to prevent memory failures. The 
inherent hierarchical structure of the piece also helped the musician keep track of where she was as she 
performed. In addition to describing how performance cues protect against memory failures, it was 
suggested that should one occur while performing, the musician could mentally skip to the next 
performance cue and continue playing with minimal interruption. 
 
The current study tested a different pianist’s ability to commence playing in the middle of a piece by cuing 
him with sound clips cut from one of his own performances (previously recorded). The piece was Brahms’ 
Piano Sonata No.2 in F Sharp Minor, Allegro non troppo ma energico, which the pianist had recently 
performed and was currently practicing. The passages selected as cues contained either a performance 
cue that the musician reported thinking about during performance or no performance cue. Three types of 
performance cues were tested, representing different aspects of the music: basic technique, expression, 
and musical structure. The pianist was instructed to start playing from where the cue ended and to play 
as naturally as possible, making it sound as though it were a continuous performance. Each stimulus 
consisted of three beeps, followed by two bars of the piece. A final beep, presented on the last beat of the 
second bar, indicated that the pianist should begin playing. Two measures of lag were obtained: between 
the end of the stimulus and the first note played, and between the end of the stimulus and the final 
decision about what to play. 
 
Response lag was shortest at expressive cues, suggesting that these cues were the most salient and 
effective. Should memory fail during performance, recovery should be faster at these points than at any 
other. Different types of cues might be more effective earlier in the learning process, and by using the 
current experimental procedure throughout the learning process, this claim can be empirically tested. 
These results support the view that expressive performance cues provide a means for recovery when 
things go wrong during performance. 
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Erlbaum Associates. 
 
 
B.23: Effect of harmonic distance on performance expression  
Christopher Bartlette (Eastman School of Music)           
 
bartlette@yahoo.com 
 
In this study, I examine the effect of harmonic distance—the extent to which a harmony is "closely" or 
"distantly" related to a context—on performance expression. Several earlier studies have suggested that 
performance expression may be affected by harmonic factors (Sundberg, Friberg & Bresin, 2003; Palmer, 
1996), but this issue has never been studied in a controlled way. I conducted two experiments to 
investigate the effect of harmonic distance upon timing and volume levels for multiple performances of 
newly composed musical excerpts for piano. 
 
Twelve graduate piano students performed ten pairs of excerpts for the two experiments. The pianists 
were instructed to perform the excerpts in a musical fashion, and they were given time to prepare each 
excerpt before recording. In the first experiment, one chord was changed within each pair of excerpts: 
One chord was either "close" or "distant" from its preceding chord, and all other chords were held the 
same. Distance between chords was measured using a simple, key-neutral, two-dimensional model of 
chords. For example, in a major-key context, an ordinary ii chord would be considered close while a 
“Neapolitan” bII chord would be distant. The distant chords were performed with delayed onsets and 
greater chord lengths, compared to close chords in the same contexts. In addition, there was an effect of 
musical texture on performance expression. Distant chords in "lyrical" excerpts were delayed, lengthened, 
and performed with a softer volume; distant chords in "march" excerpts were performed louder; and 
distant chords in "moto perpetuo" excerpts were not significantly different from close chords.  
 
In the second experiment, each pair of excerpts began with the same musical material; at a point of 
modulation, one excerpt continued in a "close" key, while the other excerpt continued with the same 
material in a "distant" key. Distant chords were performed louder and with greater chord lengths; musical 
texture had an effect on performance expression similar to the first experiment. Additionally, the second 
experiment offers insight into the effect of "sequential" (chord-to-chord) and "contextual" (multiple chord) 
measurements of harmonic distance on performance expression. 
 
 
B.24: Influences of tempo on clarinetists’ finger movements 
Christine Carter, Erik Koopmans, Janeen D. Loehr & Caroline Palmer (McGill University) 
 
caroline.palmer@mcgill.ca 
 
Musicians are sometimes advised to constrain their finger movements to conserve energy during 
performances at fast tempi. Evidence suggests that pianists’ finger motions (position, velocity, 
acceleration) increase as performance tempo increases; additional evidence suggests that finger motions 
are influenced by biomechanical constraints such as lack of independence between movements of 
physically adjacent fingers. Increases in pianists’ finger heights are often accompanied by increases in 
sound intensity, perhaps due to the direct relationship of finger heights to piano hammer velocities, and 
their influence on the resulting sound intensity. In clarinet performance, however, the performers’ air 
stream is responsible for sound intensity; finger heights do not affect the intensity of the sounded tone. 
The current experiment addressed the question of whether clarinetists raise their fingers higher as tempo 
increases and whether biomechanical constraints mediate these effects. 
 
Eight experienced clarinetists repeatedly performed two musical sequences with the right hand at tempi 
of 441, 250, and 150 ms per inter-onset interval (IOI). Clarinetists were asked to not articulate the tones; 
only finger movements controlled the tone onsets. The first sequence required the performer to lower 



97 
 

each finger (or combinations of fingers) and then lift them on successive note events; the second 
sequence required clarinetists to lower increasingly larger finger combinations on successive note events, 
and then to lift them. These alternations allowed us to examine separately the finger heights that 
preceded and followed the sound onsets caused by the depression or release of clarinet keys. Fingertip 
motions were recorded with a three-dimensional motion capture system. Motion amplitude was measured 
as finger height relative to the clarinet plane. Clarinetists’ finger heights increased as tempo increased 
across both musical sequences. Biomechanical constraints on finger motion also influenced finger height; 
fingers that were less constrained biomechanically showed larger changes in amplitude across rates than 
did fingers that were more constrained in the first musical sequence. These results show that increases in 
finger height occur even when finger movements are not responsible for sound intensity, and that 
biomechanical constraints restrict some finger heights. In sum, clarinetists’ finger movements extend 
previous findings of movement amplitude increasing with tempo that cannot be explained by musical 
instrument properties. 
 
 
Applied Issues  
  
B.25: Empirical evaluation of the effects of a music therapy intervention on people with dementia: 
A pilot study 
Christine Hammond (Monash University, Melbourne, Australia), Bruce Barber (National Ageing Research 
Institute, Melbourne, Australia) & Samia Toukhsati (Monash University) 
 
b.barber@nari.unimelb.edu.au 
 
Background and Rationale:  Dementia in older people causes significant personal, social and economic 
problems. Medical and pharmacological approaches to the management of dementing illnesses have had 
limited impact, and people are increasingly seeking alternative approaches. There are abundant 
published reports indicating that music therapy (MT) substantially ameliorates a broad range of dementia 
symptoms, but the research does not meet criteria for evidence-based practice. This randomised 
controlled pilot study used pre- and post-intervention data to determine whether valid and reliable 
measures of memory, cognition, depression, anxiety and quality of life would yield empirical support for 
MT as treatment for managing dementia.  
 
Methods:  Thirty participants with dementia living in a residential aged care facility were recruited and 
randomly assigned to one of two groups. Group 1 received a diversional therapy (DT) program, and 
Group 2 received a music therapy program. Both programs were standardised in accord with their own 
practices and procedures and delivered by qualified therapists. Both groups received six therapy sessions 
over three weeks. Pre- and post-intervention measures were made using the Mini Mental State 
Examination (MMSE), The Satisfaction with Life Scale (SLS), The Geriatric Depression Scale (GDS), the 
state component of the State-Trait Anxiety Index (S-STAI), the Warrington Recognition Memory Test for 
Faces (RMT) and The Revised Memory and Behavior Problems Checklist (RMBPC). Pre and post data 
were examined using repeated measures ANOVA to determine significant effects and interactions. 
 
Results:  The two groups were demographically similar with regard to age, gender and cognitive status: 
Group 1: 83.57 ± 5.10 years; 13 female, 2 male; MMSE = 9.29 ± 7.11: Group 2: 86.29 ± 5.61 years; 12 
female, 3 male; MMSE = 10.33 ± 7.09. A significant (p < 0.05) interaction effect favouring the MT group 
was observed on the MMSE orientation subscale. A significant (p < 0.05) interaction effect favouring the 
DT group was observed with the MMSE reading subscale. A significant (p < 0.05) main effect of time 
revealed improved performance within both groups on RMT (face recognition) tasks and the depression, 
disruptive behaviours and memory subscales of the RMBPC. 
 
Conclusions:  Despite the many reports from diverse sources that overwhelmingly endorse MT in the 
management of dementia symptoms, pre and post scores on the measures employed in this RCT 
revealed only modest differentiation of MT from DT. This outcome gives rise to discussion of research 
design issues in the context of several inadequately defined MT variables. 
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B.26: Validation of a short on-line auditory test for screening for amusia 
Nathalie Gosselin, Isabelle Peretz, Stéphanie Cummings & Bernard Bouchard (University of Montreal, 
BRAMS) 
 
Nathalie.Gosselin@umontreal.ca 
 
Congenital amusia is a lifelong musical disorder that cannot be attributed to prior brain lesion, hearing 
loss, intellectual deficits or socio-affective disturbance. The diagnosis of the condition is usually 
established with the Montreal Battery of Evaluation of Amusia (MBEA). The testing is relatively time-
consuming. The goal of the present study is to validate a shorter version that provides a rapid 
assessment of pitch (i.e., out-of-key and out-of-tune) and time (i.e., out-of-time) discrimination abilities in 
melodies. The Test comprises 60 short melodies, half of which contain a tone that is either out-of-tune, 
out-of- key, or out-of-time. The task of the participants is to decide for each auditorily presented melody 
whether or not it contains an incongruous note (i.e., yes-no decision). The auditory test lasts 15 minutes. 
After the test, the participants complete a detailed questionnaire about their musical environment. The 
test can be completed from a distance via internet. Forty participants (13 congenital amusic subjects and 
27 controls) were tested on both the Internet Test and the MBEA. Performance on the Internet Test was 
significantly correlated with performance on the MBEA, with r = 0.84, p < 0.001. Similarly, performance on 
the out-of-key and out-of-time condition of the Internet Test were significantly correlated to the 
performance obtained on the corresponding Scale and rhythm subtests of the MBEA (with r = 0.73 and 
0.50, respectively, both p < 0.001). These results suggest that the Internet Test is a valid tool to a rapid 
screening of pitch and time disabilities. 
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Friday, August 3 
 
Morning 
 
9:00 – 10:20 Session 23 (Symposium): Longitudinal case studies  

of preparation for music performance         H 435 
 Organizer: Roger Chaffin (University of Connecticut) 
 
Rationale:  Performances in the Western art music tradition are normally highly prepared, yet must be 
delivered with spontaneity and freshness in order to communicate emotionally with an audience. How is 
this done? This symposium reports longitudinal case studies of three professional musicians preparing to 
perform new works from memory. In each study, the musician developed a mental map to guide 
performance and practiced to ensure that key points in the map (performance cues) came to mind fast 
and reliably enough for the performance to unfold as planned. Smooth, automatic retrieval from long-term 
memory makes allows a performance to be spontaneous and convincing. 
 
Summary:  In the studies reported here, the musicians (a pianist, cellist, and a singer) videotaped their 
practice as they prepared for public performance, talking to the camera (or to other musicians) about what 
they were doing. After the performances, they systematically reported the decisions they had made about 
technique, interpretation, and performance, including the features of the music that they paid attention to 
during performance (performance cues). These reports were related to behavioral measures of practice 
and memory by multiple regression analysis which related the location of the features and cues that the 
musicians reported to the frequency of starts, stops, and repetitions in practice, accuracy of recall, and to 
tempo fluctuations during practice performances early in the learning process and in polished 
performances when the piece was thoroughly learned. In addition, spontaneous comments during 
practice provided a detailed, qualitative picture of their memorization strategies and the development of 
individual performance cues. 
 
The musicians all engaged in prolonged practice of memory retrieval. The amount of practice varied from 
more than 30 hours for difficult pieces to less than an hour for the easiest piece. Whatever the total 
amount of time, practicing memory retrieval was a major focus of practice. The musicians used the 
hierarchical structure of the music to organize their practice. They started and stopped at section 
boundaries and performance cues more frequently than at other locations, indicating that they were 
thinking about the formal structure and about the musical features that they reported as performance 
cues. The organization of practice was reflected in the organization of memory many months later. When 
the musicians wrote out the score, serial position effects showed that section boundaries and 
performance cues provided the main landmarks in their mental maps of the music. Hesitations at 
performance cues during practice performances indicated that practice was needed to bring retrieval from 
long-term memory at these points up to speed. Small differences between polished performances 
suggested that performance cues continued to play an important role in directing performances after a 
piece was thoroughly learned. 
 
The memorization strategies used by the expert musicians that we describe are consistent with principles 
of expert memory developed from the study of experts in other fields and with principles of memory 
derived from the study of the general population. In music, however, memorization serves the expressive 
goals of the performer, as well as providing the basis for accurate and reliable performance. 
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23.1: (9:00 – 9:20)  
Longitudinal case studies of practice and memorization: An overview  
Roger Chaffin (University of Connecticut)              
 
roger.chaffin@UConn.edu 
 
Background:  Studying the practice of expert performers provides valuable information about how 
musicians prepare for performance. For experienced performers, an important part of memorization is the 
practice of memory retrieval cues (performance cues). Performance cues are the landmarks of a piece of 
music that a performer attends to during performance. While other aspects of the performance become 
automatic with repeated practice, performance cues remain conscious and provide the musician with a 
way of consciously controlling actions that would otherwise be entirely automatic. Performance cues are 
established by thinking about features of the music during practice so that they automatically spring to 
mind during performance.  
 
Aims: In this symposium we describe three longitudinal case studies of experienced performers preparing 
new works for performance that follow the emergence of performance cues during practice and during 
performances both in the practice studio and on stage. 
 
Method:  The musicians videotaped their entire practice of a new piece of music. At the end of the 
learning process, they wrote out the score from memory and gave detailed reports of every aspect of the 
music they had attended to during practice (musical structure, technique, interpretation, and performance 
cues) by marking features on copies of the score. These reports provided predictor variables for 
regression analyses in which bars or beats were the unit of measurement and the dependent measures 
were: the number of starts, stops, and repetitions during practice, bar-to-bar tempo and sound-level 
(mean and variability) during practice and live performances, and accuracy of recall. 
 
Results:  Starts and stops during practice showed which aspects of the music the performers were 
attending to. Fluctuations in tempo and sound-level during practice and live performances showed both 
the developing interpretation, and which aspects of the music were sources of difficulty. Accuracy of recall 
showed which points in the piece served as landmarks in the musicians’ memories. 
 
Conclusion:  The memorization strategies of experienced musicians are similar to those of expert 
memorists in other fields. Musicians chunk the notes to be learned into familiar patterns, use musical 
structure as a retrieval organization, and practice to increase the speed and automaticity of memory 
retrieval at performance cues. 
  
 
23.2: (9:20 – 9:40)  
Memorizing for cello performance  
Topher Logan, Kristen Begosh, Roger Chaffin (University of Connecticut) & Tania Lisboa (Royal College 
of Music, UK) 
 
topher.logan@UConn.edu 
 
Background:  Previous studies suggest that experienced soloists learn to direct their attention to specific 
features of the music during performance. Attending to these performance cues provides the musician 
with the ability to monitor the highly practiced actions of the performance and provides mental control 
over what would otherwise be an entirely automatic sequence of actions.  
 
Aims: A longitudinal case study of an experienced cellist learning a new piece of music for solo 
performance followed the development of performance cues for two years and across eight public 
performances. 
 
Method:  The music, the Prelude from J.S. Bach’s Suite No. 6 for solo cello, was learned in preparation 
for a series of public performances. The cellist videotaped her practice and performances and, in addition, 
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wrote out the score from memory. Practice was transcribed by recording the location of starts and stops 
in practice and bar-to-bar tempi were measured for practice and live performances. The cellist gave 
detailed reports about musical structure, performance cues, and decisions about technique and 
interpretation. These reports were related to practice, recall, and tempo by multiple regression analyses 
which showed which dimensions of the music affected practice and performance at different points in the 
learning process. 
 
Results:  Attention to performance cues and musical structure was evident in the location of starts and 
stops during practice, in slowing at performance cues during performance, and in serial position effects 
on recall. Effects of different types of performance cues at different points in the learning process 
reflected shifts in the cellist’s goals as her mastery of the piece developed.  
 
Conclusion:  We were able to observe the development of the performance cues that the cellist used to 
guide her playing. While the details of the cellist’s memorization strategies were unique to the performer 
and the piece, the general principles were the same as for other musicians and expert memorists. The 
cellist used the use musical structure to organize her practice and as a retrieval organization. Practice of 
performance cues increased the speed and automaticity of memory retrieval at performance cues to the 
point that memory retrieval was fast enough to keep pace with the performance. 
 
 
23.3: (9:40 – 10:00)  
The effect of retrieval cues developed during practice and rehearsal on an expert singer's  
long-term recall for words and melody 
Jane Ginsborg (Royal Northern College of Music, UK) & Roger Chaffin (University of Connecticut) 
 
jane.ginsborg@rncm.ac.uk 
 
Background: Although long-term recall has been studied for many years, there have been comparatively 
few investigations of long-term recall for music. The present study builds on several studies of singers’ 
learning and memorization of the words and melodies of songs (Ginsborg, 2000, 2002; Ginsborg & 
Sloboda, 2007), including an investigation of the development of shared performance cues in the course 
of individual practice and collaborative rehearsal with a pianist/conductor (Ginsborg, Chaffin & Nicholson, 
2006a, b). 
 
Aims: We examined a singer’s long-term recall for the words and melody of an aria and investigated the 
extent to which this was predicted by practice.  
 
Method: The singer video-recorded five independent practice sessions and four rehearsals with a 
pianist/conductor as she prepared Stravinsky’s Ricercar 1 for soprano and small ensemble over a four 
week period. The singer and conductor subsequently noted the locations of decisions made during 
practice (musical features) and those that were retained as cues for retrieval when the piece was 
performed (individual and shared performance cues). Errors made during practice and rehearsal, just 
before the public performance, and in two free recalls made 18 and 32 months after the public 
performance, were analyzed. 
 
Results: Regression analysis showed that practice was organized by the musical structure and that 
performance cues and other musical features were singled out as starting and stopping places and for 
repetition. The first free recall was 92% accurate, dropping to 75% and 72% in the second and third 
recalls as the singer forgot either the words or both words and melody. Recall was better at performance 
cues representing musical structure and interpretation, indicating that these cues served as mental 
landmarks. Recall was worse at performance cues representing specific details of technique, reflecting 
increased reliance on motor or auditory cues at these points. Over time, these effects on recall increased, 
as less of the piece was recalled accurately.  
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Conclusion: The singer attended to musical structure and performance cues during practice and thus 
established memory retrieval cues at these points in the music. During later free recall, performance cues 
had different effects depending on what kind of information about the music they represented. Structural 
and interpretive cues served as landmarks, places where she was able to remember the music even 
when the immediately preceding measures were forgotten. Basic performance cues served as triggers, 
reminding her of specific actions during performance but detracting from her ability to write out the score 
from memory. Memory for melody was more durable than memory for words, although it too became 
attenuated over time. 
 
 
23.4: (10:00 – 10:20)  
Variation in highly practiced performance: The role of performance cues  
Roger Chaffin (University of Connecticut), Tania Lisboa (Royal College of Music, UK), Kristen T. Begosh & 
Topher Logan (University of Connecticut) 
 
roger.chaffin@UConn.edu 
 
Background:  Performance cues are the landmarks of a piece of music that a performer attends to during 
performance. While most aspects of a performance become automatic with practice, performance cues 
provide the musician with a means of conscious control of the otherwise automatic motor sequences. 
Previous evidence for this claim has been indirect, based on practice and recall. This study examined 
effects of performance cues on live and practice performances.  
 
Aims:  An experienced cellist learned the Prelude from J.S. Bach’s Suite No. 6 for solo cello. We recorded 
all practice and public performances for two years and examined them to see whether we could identify 
musical gestures corresponding to interpretive and expressive performance cues reported by the cellist. 
 
Method:  We measured bar-to-bar fluctuations in sound-level and tempo for 8 practice, 7 live, and 12 “lab” 
performances. In lab performances the cellist performed for small audiences with exaggerated, normal, or 
minimal expression. Factor analysis was used to group similar performances together. Regression 
analyses identified fluctuations in tempo and sound-level that were related to performance cues. Analyses 
of variance compared these effects across performances. 
 
Results:  Factor analysis suggested that performances differed in degree of expressiveness and tension. 
Expressive and interpretive performance cues were consistently associated with slower tempi and lower 
sound-levels, and these effects were larger in exaggerated, than in minimally expressive, lab 
performances. Similar differences were present in the live performances, suggesting that performance 
cues played the same role in live performance that they did in the lab.  
 
Conclusions:  Performance cues provide a means of deliberately controlling actions during highly 
practiced performance. Fluctuations in tempo and sound level that were related to performance cues 
varied with the musician’s expressive goals in the lab performances. Differences between live 
performances followed the same pattern, suggesting that performance cues were also used to monitor 
and direct these performances.  
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Friday August 3 Morning 
 
9:00 – 10:20 Session 24: Temporal aspects of music           H 411 
  Moderator: Henkjan Honing (University of Amsterdam) 
 
 
24.1: (9:00 – 9:20)  
Higher is faster, but for whom? Pitch register, tempo preferences, musical training & gender  
Hila Tamir Ostrover (Tel Aviv University & NYU) & Zohar Eitan (Tel Aviv University)     
 
ht496@nyu.edu 
 
Music theory (e.g., Palisca, 2006), compositional practice, and studies of tempo perception (e.g., Boltz, in 
press) suggest that higher pitch register is correlated with faster tempi. However, no study has examined 
empirically whether such presumed correlation affects listeners’ tempo preferences, an issue of 
considerable significance, since tempo choice is a central concern in music performance and composition. 
The present study investigates how pitch register, in conjunction with other melodic variables, affects 
tempo preference, and whether the preference pattern varies as function of inter-subject variables such as 
musical training and gender. 
 
Two experiments presented the participants with several isochronous melodic patterns, each in two 
different pitch registers and three different initial tempi. Stimuli in Experiment 1 consisted of ascending and 
descending chromatic scales, and a control stimulus of a repeated tone. Stimuli in Experiment 2 consisted 
of two prototypical melodic patterns commonly associated with contrasting registers and tempi, as well as 
the same control used in Experiment 1. Sixty five Participants were asked to change initial tempi by 
moving a cursor on a computer screen until a subjectively appropriate tempo was reached. In both 
experiments, higher pitch register yielded faster tempo choices. In addition, there were robust main effects 
of melodic pattern. In Experiment 1, tempo choices for ascending and descending scales significantly 
differed from those for the repeated note control, although there was no significant difference between the 
two conditions of melodic direction. In Experiment 2, significant differences between the two prototypical 
melodies were found. In addition, a highly significant interaction was found between register and musical 
training: musicians were more strongly affected by register and revealed smaller variance in their 
responses. Interestingly, a strong interaction was also found between register and gender, as females 
were more responsive than males to register in their tempo choices. Results suggest that register-tempo 
association strongly affects listeners’ musical judgments, thus indicating that the sense of "proper" tempo 
is significantly influenced by non-temporal parameters. While results regarding the effect of musical 
training are expected, the surprising interaction between gender and register suggests that gender may 
have an important role, overlooked thus far, in aesthetic evaluation. We examine several possible 
accounts for these results, involving psychoacoustic effects, exposure to Western musical repertories, and 
an embodied self-projection of vocal range, which may account for gender-related differences. 
 
 
24.2: (9:20 – 9:40)  
Groove, swing and the role of tempo: A model and some preliminary empirical evidence 
W. Bas de Haas & Henkjan Honing (Universiteit van Amsterdam)    
 
bas.dehaas@phil.uu.nl, honing@uva.nl 
 
Background:  The role of tempo in modeling expressive timing in music performance has been on the 
research agenda for quite a while now. While earlier models suggested relational invariance (i.e. timing 
scales proportionally with tempo), later studies showed that timing actually adapted with tempo in 
performance (Friberg & Sundstrom, 2002). However, the effect of tempo on timing was mainly studied in 
piano music from the classical and romantic period. In jazz and pop performance it was only scarcely 
investigated, Collier and Collier (1996) being an important exception.  
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Aim:  In this study we present empirical data and a model that tries to capture the effect of tempo in two 
types of timing in drumming: groove and swing. 
 
Methods:  To model the relation between timing and tempo we make use of a knowledge representation 
of musical time (named generalized timing functions; Honing, 2001) that allows us to describe both 
aspects of musical time separately and evaluate them using an analysis-by-synthesis method. To capture 
the desired behavior we optimized the parameters of the expressive timing component of the model by 
fitting it to newly acquired empirical data. Therefore, three well-known expert drummers participated in a 
controlled experiment in which they were asked to perform three musical fragments in sixteen repetitions 
in six different tempi on a complete MIDI drum kit. 
 
Results: Analyses of the empirical data show that the timing patterns within swing change significantly 
between tempi while being consistent within tempo (in line with earlier research). However, as opposed to 
what was hypothesized, timing within one of the two groove excerpts does scale proportionally to tempo. 
Depending on the type of timing (swing, groove, etc.) the micro timing deviations are scaled in an intricate 
way to, apparently, communicate a similar sense of swing or groove to the listener (Haas, 2007). In the 
presentation both audio examples of the three musical fragments using the analysis-by-synthesis method 
and examples of the empirical data will be presented. Next to the statistical support, this allows for 
judging how well the captured regularities generalize over tempo and timing perceptually. 
 
Collier, G., & Collier, J. (1996). The swing rhythm in jazz. In B. Pennycook & E. Costa-Giomi (Eds.), Proceedings of ICMPC4,  477- 

480. McGill University, Montreal. 
Friberg, A., & Sundstrom, A. (2002). Swing ratios and ensemble timing in jazz performance: Evidence for a common rhythmic  

pattern. Music Perception, 19 (3), 333-349. 
Haas, W. B. de. (2007). The role of tempo in groove and swing timing. Unpublished master's thesis, Utrecht University. 
Honing, H. (2001). From time to time: The representation of timing and tempo. Computer Music Journal, 25 (3), 50-61. 
 
 
24.3: (9:40 – 10:00)  
Perceiving a regular pattern in the presence of an irregular rhythmical pattern 
Sandra C. M. Quinn & R. J. Watt (University of Stirling, Scotland)       
 
s.c.m.quinn@stir.ac.uk 
 
Background:  Meter is the regular pulse underlying a musical stimulus. Musicians often vary the timing 
onsets of notes in order to be expressive. Previous studies have shown that listeners are capable of 
perceiving the meter from expressive performances where the timing onsets of notes were varied 
systematically (Epstein, 1995; 1989). We describe studies that show that listeners cannot detect the pulse 
in a stimulus where only every other note has a regular timing and the notes in between have a 
completely random timing. 
 
Aims: Two studies have been conducted to assess whether listeners could perceive a perfectly regular 
meter in the presence of an irregular or regular pattern. The first study assessed whether listeners could 
perceive a regular meter when it was embedded within an irregular pattern. A second study attempted to 
assess whether listeners could perceive a regular meter when the additional pattern was placed at 
randomly selected but regular subdivisions of the regular pattern. 
 
Methods: The standard Method of Constant Stimuli was used to measure the detection of a regular pulse 
within an irregular pattern. On each trial, listeners were presented with a pair of auditory stimuli; one (the 
target) contained notes in a regular temporal pulse with interleaved notes at random times; the other 
contained only notes at random times. Listeners were required to identify which stimulus contained the 
regular notes. In the second study the interleaved notes in the target were placed at randomly chosen 
subdivisions of the time pulse. For example, if a subdivision of 8 was used, then each interleaved note 
would be placed at one of 8 equally spaced times within the basic pulse. Pitch difference between pulse 
and interleaved notes was also varied. 
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Findings and Theoretical Conclusions:  The results suggest that listeners are not capable of perceiving a 
regular pattern when the pitches remain the same, but as the difference in pitch between the two patterns 
increase the regular pulse can be identified. An economical conclusion is that the auditory system groups 
notes by pitch and within a group can only form judgments on the relationships between adjacent notes. 
When pulse notes and interleaved notes have the same pitch, temporal adjacency does not reveal the 
underlying pulse, except when the subdivisions of the pulse are low.  
 
 
24.4: (10:00 – 10:20)  
Spontaneous meter in tapping studies 
Peter Martens (Texas Tech University)           
 
peter.martens@ttu.edu 
 
In a tapping study conducted at the author’s home institution, an undergraduate string quartet was 
coached to perform seven excerpts of common-practice music under two conditions: feeling a slower 
tactus, and feeling a faster tactus. Both versions were performed at the same nominal tempo. Participants 
viewed one version of each of the excerpts, and expressed their choice of main beat by tapping along 
with their dominant hand.  
 
The original question addressed by this study was whether or not performers can communicate a different 
main beat to listeners in the same piece, performed at the same tempo, via their intended tactus. This 
presentation will not focus on the original question, however, but on an interesting mode of tapping that 
was noticed during the study. The study directions were to “tap along with the music at a steady and 
comfortable rate.” Nine out of the 45 participants (20%) were observed tapping with a clear visual accent, 
i.e. producing meter subjectively, or perhaps better, spontaneously. Meter is defined as a minimum of two 
pulse layers, where each pulse of the slower layer is also a pulse in the faster layer, and thus participants 
were responding to musical meter with a meter of their own.  

 
Using video recordings of the performances and of participants’ spontaneous meter responses, I will 
focus on the methodological problems that this phenomenon presents; how can we study spontaneous 
meter efficiently without ruining a listening and response paradigm that is otherwise quite natural and 
spontaneous? There are epistemological questions as well. Into what features of musical meter do 
tapping studies give us insight if we typically gather data on only a single beat?  

 
Finally, I will discuss three possible motivations for these two-level responses that were isolated and 
studied separately in two follow-up studies: 1) participants were aided in feeling an intended slow tactus, 
especially in triple meter, by tapping its division (the “subdivision benefit”), 2) participants’ training and/or 
experience in dance made them more likely to respond to music with multiple kinesthetic modalities, and 
3) visual cues from performers’ large-muscle group gestures (e.g. torso sways) induced the same type of 
motion in participants, reflected in periodic larger muscle group arm motion according to the piece’s meter 
in addition to the faster hand taps.  
 
 

Friday August 3 Morning 
10:40 – 12:00 Session 25: Rhythm & motor issues in performance (piano)     H 435 
  Moderator: Bruno Repp (Haskins Labs, New Haven, CT) 
 
25.1: (10:40 – 11:00)  
How do finger dynamics change with tempo in skilled piano performance?  
Werner Goebl & Caroline Palmer (McGill University)       
 
werner.goebl@mail.mcgill.ca, Caroline.Palmer@mcgill.ca  
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Pianists’ finger movements are often constrained by the specific demands of the musical task. In addition 
to spatial (pitch) and temporal requirements, pianists have to manipulate the force that their finger tips 
apply to the key surface in order to control the intensity of each sounded tone. We test the hypothesis that 
finger movements change proportionately with performance tempo, as suggested by a generalized motor 
program hypothesis. Several measures from the finger movements were extracted: the velocity at finger-
key (FK) arrival, velFK and the amount of time of FK before the tone onset, timeFK. Assuming strict 
relational invariance, both measures are predicted to change proportionately with performance tempo.  
 
Twelve professional pianists repeatedly performed two simple melodies on a digital piano at four different 
tempi (500, 250, 167, and 143 ms inter-onset interval, IOI) in a synchronization-continuation paradigm. A 
passive motion capture system tracked the finger and key movements. The FK measures were identified 
in the height trajectories (above keyboard plane) based on local increased finger accelerations just before 
key movement. 
  
Eighty three percent of more than 18,000 keystrokes contained an identifiable FK as fingers approached 
keys; in the remaining 17 percent, the finger was resting at key surface or was approaching the key 
slowly. Four of the 12 pianists (group A) consistently showed a high proportion of FK movements at all 
tempi; the remaining 8 pianists (group B) showed almost no FK at slower tempi. To test the hypothesis 
that finger velocity increases proportionately with tempo, we examined velFK across tempo conditions. 
Group-A pianists showed only a small velFK

 
increase with tempo; in contrast, group-B pianists’ velFK’s 

increased proportionally with performance tempo. TimeFK was not proportional with performance tempo in 
either group; pianists’ fingers arrived at key surface relatively earlier within an IOI as the tempo increased. 
Correlational analyses suggested that timeFK

 
depended mainly on the MIDI velocity of the sounded tone.  

 
In sum, pianists’ finger movements during performance of melodies suggested that relational invariance, 
as predicted by a generalized motor program hypothesis, does not hold for the timing of finger-key arrival, 
but does hold for finger velocities at key contact. In general, the different finger-key dynamics did not lead 
to differences in timing precision or in tone intensity, suggesting that the different movement dynamics 
resulted in similar sounded outcomes. The velFK–tempo proportionality might explain why playing softly at 
fast tempi is difficult, even for accomplished pianists.  
 
 
25.2: (11:00 – 11:20)  
Automatic perception-action coupling in pianists 
Lauren Stewart (University of London), Patrick Nasralla (City University, London), Rinus Verdonschot 
(Leiden University) & Jennifer Lanipekun (University of London) 
 
l.stewart@gold.ac.uk 
 
Evidence of functional coupling between the auditory and motor domains has been demonstrated in 
professional musicians: in a magnetoencephalography study, primary motor cortex was found to be active 
when pianists listened to pieces of music that they were able to play (Hauesien and Knosche, 2001). The 
present study investigated the extent to which this motor activation can be considered to be pre-attentive 
rather than the result of a learned musical strategy. The paradigm used was an auditory analogue of the 
notational musical Stroop task (Stewart, Walsh & Frith, 2004). Two groups of participants, conservatoire-
level pianists (n = 16) and non-musician controls (n = 16), took part. Participants placed their right hand 
over five adjacent keys of a silent electronic piano keyboard and maintained this position throughout the 
experiment. They associated their thumb with the number 1, their index finger with the number 2, etc. 
Sequences of numbers between 1 and 5 were presented via headphones and participants pressed with 
the corresponding finger as quickly as possible. In a baseline condition, the numbers were presented on a 
monotone pitch. In the other conditions, the number sequences were presented with a pitch contour that 
that either did or did not correspond to the auditory correlates of such a motor sequence. Hearing the 
numbers “1”, “2”, “3”, “4”, “5” pitched at successively higher frequencies would be an example of a 
congruent trial since the required motor sequence on the piano keyboard would normally be associated 
with the production of notes at successively higher pitch, while the same numbers presented at 
successively lower frequencies would be an example of an incongruent trial. Pianists alone were 
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predicted to show a systematic effect of trial type on response speed, with congruent trials producing 
faster responses than incongruent trials. The predictions were borne out by a significant group x trial type 
interaction, driven by a highly significant difference in response speed between congruent and 
incongruent trials in the pianist group that was not present in the control group. These data demonstrate 
an automatic functional coupling between the auditory and motor systems in trained pianists that parallels 
the automatic visuo-motor mapping demonstrated for musical notation (Stewart et al., 2004). This 
behavioural paradigm is now being used to probe the acquisition of these perception/action links during 
musical training and examine the impact of different pedagogies on the establishment of this functional 
coupling. 
 
Haueisen & Knosche. (2001). Involuntary motor activity in pianists evoked by music perception. Journal of Cognitive Neuroscience,  

13, 786-792. 
Stewart, L., Walsh, V. & Frith, U. (2004). Reading music modifies spatial mapping in pianists. Perception & Psychophysics, 662,  

183-195. 
 
 
25.3: (11:20 – 11:40)  
Synchronizing piano performances to a changing tempo  
Janeen  D. Loehr, Caroline Palmer (McGill University) & Edward W. Large (Florida Atlantic University) 
 
janeen.loehr@mcgill.ca 
 
Music performance requires musicians to synchronize their actions with external cues such as the sounds 
produced by other performers. However, these external cues are not always regular; for example, 
performers’ expressive intentions can cause timing to depart from isochrony. We addressed two 
questions in a synchronization task: whether subdivision of the beat in rhythmic sequences affects 
synchronization accuracy and whether tempo increases or decreases affect synchronization accuracy. 
Sixteen pianists performed melodies consisting of both undivided and subdivided beats (quarter notes 
and eighth notes). Participants synchronized with a metronome that began with eight isochronous beats 
and then either continued isochronously or linearly increased or decreased in tempo by 1 or 3 percent of 
the original tempo (500 ms per interbeat interval, IBI) on each of eight additional beats. 
 
Pianists’ key-presses tended to precede metronome ticks when the metronome was isochronous. The 
mean negative asynchrony was smaller than typically reported when participants synchronized 
isochronous taps with a metronome, consistent with previous findings indicating that subdividing the beat 
reduces negative asynchrony. The presence of melodic subdivision reduced local asynchrony: 
participants’ asynchronies were less negative when they were preceded by a subdivided beat. In addition, 
the phase of the produced tones relative to metronome ticks after the tempo change became increasingly 
positive in the increasing tempo conditions, and increasingly negative in the decreasing tempo conditions, 
compared to the isochronous metronome condition. Relative phase returned toward baseline sooner, and 
ended closer to the baseline, in the decreasing tempo conditions than in the increasing tempo conditions. 
 
These findings document that in synchronization, performers’ actions tend to precede external acoustic 
cues. However, this negative asynchrony is smaller in natural rhythmic melodic contexts than in tapping 
tasks; negative asynchronies are reduced following subdivided notes. Pianists are better able to 
accommodate to a metronome that decreases, rather than increases, in tempo at the end of a melody. 
We discuss a dynamical model that displays the main characteristics of these responses. 
25.4: (11:40 – 12:00)  
Quantitative analysis of clave-based rhythms 
Ives Chor (Northwestern University)                               
 
i-chor@northwestern.edu 
 
The clave is a repeating two-measure pattern that serves as a framework of rhythmic organization in many 
styles of Afro-Cuban music, including son, guaracha, and mambo. The five notes of the clave are 
distributed between its two measures: one measure with two notes (the “two-side”) and one with three (the 
“three-side”). The way in which rhythms are constructed in these styles of music is determined in large 
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part by where notes occur in relation to the clave. Musical practice in these styles typically follows two 
guidelines. The first states that rhythms on the three-side should be more syncopated than rhythms on the 
two-side. The second states that note placement should reinforce the clave rather than conflict with it. 
Previous studies have either examined the application of these guidelines in recorded performances, but 
not in a quantitatively rigorous way (Washburne, 1998), or analyzed timing data from performances of 
Afro-Cuban music, but not in relation to the clave (Alén, 1995). 
 
The current study is a quantitative analysis of performance data investigating the extent to which the 
performance guidelines are demonstrated empirically. The materials used in the study are real-time data 
recorded from an 88-note weighted MIDI piano keyboard performed by a professional pianist. The 
recordings include composed melodies as well as improvised solos and montunos (vamps), in several 
different Afro-Cuban musical styles. Using MIDI Toolbox and commercially available statistical software, 
the data are analyzed in terms of quantized rhythmic placement, unquantized microtiming information, and 
melodic accent (Thomassen, 1982), all in relation to the clave. This analysis yields a multidimensional 
data array that can be interpreted as a rich set of information about Afro-Cuban grooves, including the 
contribution of accents, rests, and expressive timing. To deal with this multidimensional data array, new 
techniques for displaying grooves visually (clave-based and otherwise) are proposed. 
 
While the pianist never plays the entire clave pattern explicitly, the performance data shows that the clave 
serves as a rhythmic influence nonetheless. As a proportion of total notes played (N = 10865), notes 
falling on beats one-“and”, two-“and”, three-“and”, and four are more likely (p < .0001) to occur on the 
three-side than on the two-side, while notes falling on beats two and three are more likely to occur on the 
two-side than on the three-side. These findings provide evidence that the guidelines – syncopation 
differences and clave reinforcement – are confirmed by performance data, and ground theories of clave-
based music quantitatively.  
    
 
 

Friday August 3 Morning 
   
10:40 – 12:00 Session 26: Perception and memory of emotion                H 411 
  Moderator: Bill Thompson (Macquarie University, Sydney, Australia) 
 
26.1: (10:40 – 11:00)  
How do individuals with Autism Spectrum disorder perceive emotions in music? 
Eve-Marie Quintin (Université de Québec à Montréal), A. Bhatara (McGill University), E. Fombonne 
(McGill University, Montreal Children’s Hospital), H. Poissant (Université de Québec à Montréal) & Daniel 
J. Levitin (McGill University) 
 
quintin.eve-marie@courrier.uqam.ca 
 
Individuals with autistic spectrum disorders (ASD) exhibit a heightened interest in music (Levitin et al., 
2004) and above average auditory processing abilities (Brown et al., 2003). Baron-Cohen and colleagues 
(2000) believe that hypo-functioning of the amygdala may explain the social and emotional deficits in 
autism such as a diminished sensitivity to fear. Happy and sad music can be identified as such by  
individuals with ASD (see Heaton et al., 1999) but their recognition of scary and peaceful music should be 
impaired, as observed in patients with damage to the amygdala (Gosselin et al., 2005). Thus, we asked 
12 teenagers with ASD (Mean ± SD; age: 13 years and 8 months ± 2 years and 4 months; VIQ: 90.33 ± 
18.92; PIQ: 94.25 ± 17.76) and 14 typically developing (TD) teenagers (Mean ± SD; age: 14 years and 1 
month ± 2 years and 1 month; VIQ: 119.78 ± 16.38; PIQ: 114.93 ± 11.99) to describe musical excerpts 
using one of the 4 following emotions: happy, sad, scared or peaceful. Musical knowledge and ability 
were measured by means of questionnaires (Salk and McGill Musical Inventory and Queen’s University 
Musical Inventory). An analysis of variance was carried out considering the intended emotion as a within-
subjects repeated measures variable (4 levels: happy, sad, scared, peaceful) and the diagnosis group as 
a between-subjects variable (2 levels: ASD and TD). A diagnosis group effect was observed, F(1, 518) = 
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12.99, p < .001), the ASD group being less accurate than the TD group, but no interaction effect between 
diagnosis group and intended emotion was found. Post-hoc analyses also failed to find the results 
predicted by Baron-Cohen et al. (2000), a diagnosis group differences for recognition of happy, sad, scary 
or peaceful music when the emotions were considered separately (all p > .05). Thus, our results replicate 
Heaton and colleagues’ (1999) observations that individuals with ASD can identify happy and sad music. 
However, our results fail to support Baron-Cohen and colleagues’ (2000) amygdala theory of autism, 
which states that individuals with ASD exhibit impaired fear recognition. It is possible that music 
represents a specific domain where the amygdala theory of autism does not hold.  
 
 
26.2: (11:00 – 11:20)  
Development of emotional understanding of music in children with autism 
Anjali Bhatara, Eve-Marie Quintin, Eric Fombonne, & Daniel J. Levitin (McGill University) 
 
anjali.bhatara@mail.mcgill.ca 
 
Autistic individuals are impaired in understanding others’ emotional states (Gross, 2004) and their own 
(Hill, Berthoz, & Frith, 2004). This presents a paradox: many autistic individuals show great interest in 
music (Heaton, 2003), yet music is generally regarded as representing emotion. We had participants 
listen to four piano pieces, two in a major key and two in a minor key, for which we manipulated 
expressivity by decreasing timing and amplitude variation. As an additional control condition, we created 
a “random” version of each piece, with the expressive version’s timing and dynamics randomly 
rearranged within the piece. Children with autism spectrum disorders (ASD; n = 20) and controls (n = 30), 
rated these performances with different expressivity levels for the amount of emotional expression 
present. Children with ASD were found to be impaired in their recognition of emotional expression in 
music. Control children and adults differentiated between different levels of expressivity, but the ASD 
group’s ratings were insensitive to expressivity level. Rather, their ratings differed based on piece; they 
rated the minor nocturnes as more emotional than the major nocturnes. These results suggest that the 
structural and other compositional aspects that vary among different pieces are more salient than the 
aspects of performance variation to the children with ASD.  
 
 
26.3: (11:20 – 11:40)  
Emotion and unfamiliar music: Electrophysiological and psychological responses to Persian and 
Western music by Persian and Western listeners 
 
Manuela M. Marin, Richard Parncutt (University of Graz, Austria) & Christian Kaernbach (University of 
Kiel, Germany) 
 
manuela.marin@uni-graz.at 
 
Current research on music and emotion is largely confined to styles that are familiar to the participants. 
This study addresses a specific aspect of emotional responses to unfamiliar music: the relationship 
between physiological and psychological responses to familiar versus unfamiliar music. 
 
Familiarity strongly influences musical appreciation. Familiar musical styles tend to be preferred (Peretz, 
Gaudreau & Bonnel, 1998) and rated as more pleasant (Ritossa & Rickard, 2004). Listeners experience 
stronger and more diverse emotions in familiar music (Gabrielsson & Lindström Wik, 2003). Familiarity 
and liking tend to be associated with joy, calm, fun, and movement, whereas foreignness and dislike may 
be associated with anger, madness, fear, and chaos (Parncutt & Marin, 2006). Musical arousal ratings 
may also depend on familiarity (Ritossa & Rickard, 2004). But many of the emotions perceived in the 
music of one’s own culture are also perceived by listeners from other cultures, even with little or no 
previous exposure (Balkwill, Thompson & Matsunaga, 2004).  
 
A range of other factors can influence emotional responses to music. Liking may depend on musical 
training and cognitive (analytical, evaluative) factors (Fung, 2004), whereas emotion or intensity 
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judgments may be relatively unaffected by musical training (Kreutz, Bongard & Jussis, 2002; Kallinen, 
2005). Compared to tonal music, the emotional language of Western atonal music may not be well 
established in Western listeners (Kallinen, 2005). 
 
In a study confined to a familiar musical style, Khalfa, Peretz, Blondin and Manon (2002) found that skin 
conductance responses (SCRs) are stronger for stimulating emotions (fear and happiness) than for 
relaxing emotions (sadness and peacefulness); emotional intensity ratings correlated with SCRs for all 
emotions except fear. To our knowledge, the present study is the first to investigate SCR responses to 
unfamiliar music. 
 
We compared SCRs with subjective ratings of emotion, both within and across cultures. Stimuli were in 
three instrumental styles: western tonal, western atonal and classical traditional Persian. In a pilot study, 
the emotional content (fear, sadness, happiness, peacefulness, anger) of 50 diverse Western and 25 
diverse Persian musical stimuli of 5s duration was assessed by 30 professional Western and Persian 
musicians. We then measured event-related SCRs of 40 Western and Persian listeners and asked them 
to describe the emotion of each extract in one word and to rate familiarity, arousal, liking, and emotional 
intensity. The data are still being analyzed, but we hypothesize that for both Western and Persian listeners 
emotion in unfamiliar music induces greater SCRs and higher self-ratings of arousal and dislike than 
familiar music. 
 
 
26.4: (11:40 – 12:00)  
The memory of emotional sequences in concerts of classical and popular music 
Alexander Rozin (West Chester University) Paul Rozin & Lily Guillot (University of Pennsylvania) 
 
arozin@wcupa.edu 
 
Beethoven’s Symphony No. 3 is often described as heroic even though not all of the movements of this 
work express or elicit a sense of heroism. Most affective labels for music, such as heroic, represent 
memories that misrepresent the subtleties and complexities of the emotional qualities of moment-to-
moment experience. Although there is a growing literature that addresses how affective memory distorts 
the emotionality of an experience, psychologists have thus far avoided the question of how memory 
integrates the various emotional qualities of an experience. How do listeners remember a symphony built 
out of one sad movement and three happy ones? Does the placement of the sad one matter? Such 
questions are relevant for much more than music as the integration of a diverse array of emotional 
experiences is an everyday activity that greatly affects how we remember movies, political rhetoric, and 
advertising, to mention just a few examples. 
 
To address these issues, we ran an experiment in which participants listened to two three-piece concerts, 
one of movements from Corelli’s Concerti Grossi, Op. 6 and one of foreign language popular songs. Each 
concert consisted of one happy, one sad, and one neutral selection as determined in a pilot study 
designed to select the best examples of happiness and sadness and to ensure that all examples were not 
familiar to participants. We presented six different versions of each concert, namely the six different 
orders of the three pieces. Each group of participants heard only one version of each concert. 
Participants listened to each concert and rated their overall experience on various dimensions, including 
emotional ones such as happiness and sadness, as well as structural ones such as loudness and tempo. 
Statistical evaluations suggest that listeners’ memories of emotional quality of a concert depend heavily 
on the order of selections. Further, participants misrepresented on-line experience of emotional qualities 
in a different way than they did structural properties. The music-theoretical ramifications of the results are 
discussed in relation to multi-movement Classical works and orders of tracks on CD’s of popular music. 
 
 


