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Music Perception: Neuroscience and Psychophysics 

Psychology 8993 035, Spring 2005 

D. A. Burkhardt and P. K. Fahey

Week

Topic





Reading (details on following pages)

1/19
Introduction and Organization
1/26
Sound and Tone




Jourdain Chpts. 1 and 2  (pp. 1-57)

2/2
Music, Sound, Ear




Goldstein (1980) and (2002) excerpts


Auditory Demonstrations



 

2/9
Melody and Harmony



Jourdain Chpts. 3 and 4 ( pp. 58-119)

Duane

2/16
Memory and Modularity



Snyder, Peretz

2/23
Ear, Neurophysiology and Pitch Coding

Goldstein, Yost

3/2 
Harmony, Consonance and Dissonance

Tramo, Peretz and Zatorre, Fishman

3/9
Brain Mechanisms for Melody


Griffiths, Patterson, Patel

3/16
Spring Break 

3/23
Absolute Pitch




Zatorre, Levitin & Rogers, Deutsch, Ross

3/30
Chroma, Pitch and Harmony in the Brain

Zatorre, Janata, Warren

4/6
Music, Brain and Emotion



Sloboda,  Blood & Zatorre

4/13 to 5/4 : TOPICS  to be selected, developed and presented by  students,  may include the following:

( Brains of Musicians. 

(Origin, Evolution,  Development  of Music Perception.


( Computational Models and Neural Networks for Music Perception              ( Music Therapy. 
 

(Pitch, Tonality  and Harmonic Spaces.  ( Absolute Pitch  ( Electronic Music ( Musical Acoustics

(Consonance and Dissonance.     ( Improvisation.    ( Amusia  ( Language, Speech & Music

( Neuropsychology and Music Perception.
 (Pioneers in Music Perception: Seashore & Meyer

Access  to  Readings

 In addition to the book by Jourdain and readings supplied by the instructor,  readings will from 3 sources. The source is shown in bold by each reading in the reading list given below.  The sources are indicated as:  e journal,   web pages of  research scientists, Photocopy Walter Reserve, or e-reserve or course website.

 Access is as follows:

 Access to e-journals via Univ Library:  Most of the recent (1996 to present) references in mainstream journals are accessible as electronic journals that you can download and print out directly:  Access is:

 www.lib.umn.edu/    ->   Articles and More   -> e-journals  -> enter journal title  -> search journal for specific reference.    (make a bookmark of the specific journal URL for subsequent direct access). 

Electronic access from authors websites:  Some authors have pdf copies of their papers on their websites. 

For example, via Google, ( e.g.search for Robert Zatorre) or see specific addresses below.

Materials on Walter Library Reserve for individual photocopying.  These references are typically books or other materials that can not be made available electronically.  They will be available at the Walter Reserve Desk  so you can make individual copies.

Articles on e-reserve via Walter Library:  these references have been scanned from photocopies  and may be accessed electronically as  PDF files that you can download and print out.  Note that only about 7-10 pages are included in each electronic file, so you will typically need to access and print out several files to get the entire reference printed out.  To get to e-reserve:

http://reserve.lib.umn.edu/  -> enter your university email and password  -> select Psychology  -> select Psy 8993 Burkhardt

once you get to Psy 8993 Burkhardt via the above route, you should be able to make a bookmark so you can get to Psy 8993 Burkhardt  directly in the future.

Course Website:  some information or reading may be on the course website:

www.psych.umn.edu/courses/spring05/burkhardtd/psy8993

Readings 

Week 2.  Sound and Tone. Jourdain, R. (1998). Music, the brain and ecstasy. Avon, N.Y., Chpts. 1 and 2.

Week 3.  Music, Sound and Ear.   

Goldstein, E.B. (2002). Sound, the Auditory System… pp. 331-351. In Sensation and Perception,  6th Edition, Wadsworth-Thompson. 

Goldstein, E.B. (1980). Music. pp 360-373. In Sensation and Perception, 1st Edition. Wadsworth. 

Week 4.  Melody and Harmony

Jourdain, Chpts.  3  and 4 

Duane, B. (2004).  Temperament and Tuning Systems.  Unpublished manuscript. University of Minnesota.

Week 5. Memory and Modularity

Snyder, B. (2000).  Music and Memory. MIT Press, Cambridge.  Chapter 11 (p 135-155).

Peretz, I. and Coltheart, M. (2003). Modularity of music processing. Nature Neuroscience 6, 688-691. 

e-journal

Week 6.  Neurophysiology and Pitch Coding

Goldstein, E.B. (2002). Sound, the Auditory System… pp. 351-365. In Sensation and Perception,  6th Edition, Wadsworth-Thompson. 

Yost, W.A. and Nielsen, D. (1985). Fundamentals of Hearing. Holt, Rhinehart and Winston, 1985.    pp. 87-90 and 103 only. 

Week 7. Harmony, Consonance and Dissonance

Tramo, M.J. et al  (2003). Neurobiology of harmony perception. In The Cognitive Neuroscience of Music, I.  Peretz & R. Zatorre, Eds. Oxford Press, 127-151.  e-reserve

Peretz, I., Blood, A. J., Penhune, V. and Zatorre, R. (2001). Cortical deafness to dissonance. Brain  124,  928-940.  e-journal

Fishman, Y. I, et al. (2001). Consonance and dissonance of musical chords: neuronal correlates in auditory cortex of monkeys and humans. Journals of Neurophysiology  86, 2761-2788.  ....read pp. 2761, 2776 and 2786 only...  e journal
Week 8.  Brain Mechanisms for Melody

Griffiths, T.D. (2003). Functional Imaging of Pitch Analysis.  Annals of the New York Academy of Sciences 999, 40-49. e journal.     NOTE: FullText option may print at better size than Full Text (pdf).

Patteson, R.D., Uppenkamp, S., Johnsrude, I.S., and Griffiths, T.D. (2002). The processing of temporal pitch and melody information in auditory cortex.  Neuron  36, 767-776. Read only p. 767.   e-journal
Patel, A. D. (2003).  A new approach to the cognitive neuroscience of melody. In The Cognitive Neuroscience of Music,  I. Peretz & R. Zatorre, Eds. Oxford Press, 325-345. e-reserve

Week 9.   Spring Break

Week 10. Absolute Pitch

Levitin, D.J. and Rogers, S.E. (2005). Absolute Pitch: Coding, Questions, and Controversies.

Deutsch, D., Henthorn,T.,  Marvin, E., Xu, H.S. (2004). Perfect Pitch in Tone Language Speakers Carries over to Music. http://www.aip.org/148th/deutsch.html      or find via Google search for Diana Deutsch

Zatorre, R.J. (2003). Absolute Pitch: a model for understanding the influence of genes and development on neural and cognitive function. Nature Neuroscience 6, 692-695.   e-journal

Ross, D.A., Olson, I.R. & Gore, J.D. (2003). Absolute pitch does not depend on early musical training. Annals of the New York Academy of Sciences 999,522-526. e journal.     NOTE: FullText option may print at better size than Full Text (pdf).

Week 11.  Brain , Chroma, Pitch and Harmony 

Zatorre, R. J. & C.L. Krumhansl (2002). Mental Models and Musical Minds. Science 298, 2138-2139.

 e journal

Janata,P., Birk, J.L., Van Horn, J.D., Leman,M., Tillman, B., & Bharucha,J.J. (2002).  The cortical topography of tonal structure underlying Western music. Science 298, 2167-2170. e journal

Warren, J.D., Uppenkamp,S. Patterson, R.D., & Griffiths, T.D. (2003). Analyzing pitch chroma and pitch height in the human brain. Annals of the New York Academy of Sciences 999,  212-214. e journal.     NOTE: Full Text option may print at better size than Full Text (pdf).

Week 12.  Emotion

Sloboda, J.A. & Juslin, P.N. (2001) Psychological perspectives on music and emotion.  In Music and Emotion.  P. Juslin and J. Sloboda (Eds.).  Oxford, 2001, read pp. 75-78, 81-96. 

Blood, A.J. and Zatorre, R.J. (2001). Intensely pleasurable responses to music correlate with activity in brain regions implicated in reward and emotion. Proceedings of the National Academy of Sciences  98, 11818-11823.  e journal
Some references for Selected  Topics 

Emotion

P. Juslin and J. Sloboda (Eds.) Music and Emotion.  Oxford, 2001. 
Peretz, I. (2001). Listen to the brain: a biological perspective on musical emotions. In Music and Emotion.  P. Juslin and J. Sloboda (Eds.).  Oxford, 2001, pp. 105-135. 
Blood, A. J. et al. (1999). Emotional responses to pleasant and unpleasant music correlated with activity in paralimbic brain regions.  Nature Neuroscience, 2, 382-387.  e journal
Arthurs, O. J. and Boniface, S. (2002). How well do we understand the neuronal origins of the fMRI BOLD signal?  Trends in Neuroscience 25, 27-32. e journal
Meyer, L.B. (1956). Emotion and Meaning in Music. Univ. of Chicago

Musical Acoustics: Strings 

Violin acoustics.  1. University of New South Wales website: www.phys.unsw.edu.au/music/violin  Download sections: 1) First......sound. 2)The strings.  3)The Bridge. 4)The Body.

2. Catgut society website: http://www.catgutacoustical.org/    .....go to Fiddle family homepage and download: 1) Introduction. 2) Catgut Acoustical Society. 3) What is good?  4) Traits of family.......
 Music and Brain

Halpern, A.R. (2003). Cerebral substrates of musical imagery.  In The Cognitive Neuroscience of Music, 

I. Peretz & R. Zatorre, Eds. Oxford Press, 217-230.
Schlaug, G. et al (1995).  In vivo evidence of structural brain asymmetry in musicians.  Science 267, 699-701. 
Janata, P. & Grafton, S.T. (2003). Swinging in the brain: shared neural substrates for behaviors related to sequencing and music. Nature Neuroscience 6, 682-687.

Lu, T., Liang,L. & Wang,X, (2001). Temporal and rate representations of time-varyijng signals in the auditory cortex of primates.   Nature Neuroscience 4, 1131-1138.

Griffiths, T.D. & Warren, J.D. (2002). The planum temporale as a computational hub. Trends in Neuroscience 25, 348-353.  Read 348-349 only. e journal

Peretz, I. & Coltheart. M. 2003). Modularity of music processing. Nature Neuroscience  6, 688-691. e journal

Janata,P. & Grafton, S. T. (2003). Swinging in the brain: shared neural substrates for behaviors related to sequencing and music. Nature Neuroscience  6, 682-687. e journal

Warrier, C.M. & Zatorre, R.J. (2004). Right temporal cortex is critical for utilization of melodic contextual cues in a pitch constancy task. Brain

Zatorre, R.J. & Belin,P. (2001). Spectral and temporal processing in human auditory cortex. Cerebral Cortex 11, 946-953.

The Neurosciences and Music (2003). Annals of the New York Academy of Sciences.  A symposium, pp. 1-532. G.Avanzini et al, Eds.

Hyde, K.L. & Peretz, I. (2004). Brains that are out of tune but in time. Psychological Science 15, 356-360.

Improvisation and Rhythm

Friberg, A. and Sundstrom, A. (2002).  Swing ratios and ensemble timing in jazz performance: evidence for a common rhythmic pattern.  Music Perception, 19, 333-349. 

Ashley, R. (2002).  Do[n't] change a hair for me: the art of jazz rubato. Music Perception, 19, 311-322, 

331-332..

Johnson-Laird, P.N. (2002).  How jazz musicians improvise. Music Perception, 19, 415-442. 

Consonance and Dissonance

Fishman, Y. I, et al. (2001). Consonance and dissonance of musical chords: neuronal correlates in auditory cortex of monkeys and humans. Journals of Neurophysiology   86, 2761-2788. e journal

Schwartz, D.A., Howe, C.Q. & Purves, D. (2003). The statistical structure of human speech predicts musical universals.  Journal of Neuroscience 23, 7160-7168. e journal

Trainor, L.J., Tsang, C.D. & Cheung, V. H.W. (2002). Preference for sensory consonance in 2- and 4-month-old infants. Music Perception 20, 187-194

Language, Speech and Music

Besson, M. & Schon, D. (2003). Comparison between language and music. In The Cognitive Neuroscience of Music,  I. Peretz & R. Zatorre, Eds. Oxford Press, 269-293.
Maess, B, Koelsch, S. Gunter, T. C. and Friederici, A. D. (2001). Musical syntax is processed in Broca's area: an MEG study.  Nature Neuroscience, 4, 540-545. e journal

Zatorre, R. J., Belin, P. and Penhume, V. B. (2002).  Structure and function of auditory cortex: music and speech. Trends in Cognitive Sciences, 6, 37-46. e journal

Schwartz, D.A., Howe, C.Q. & Purves, D. (2003). The statistical structure of human speech predicts musical universals.  Journal of Neuroscience 23, 7160-7168. e journal

Patel, A.D. (2003). Language, music, syntax and the brain. Nature Neuroscience  6, 674-680. e journal

Brain of Musicians

Elbert, T., et al.  (1995). Increased cortical representation of the fingers of the left hand of string players.  Science, 270, 305-307. e journal

Parsons, L.M. (2003).  Exploring the functional neuroanatomy of music performance, perception, and comprehension. In The Cognitive Neuroscience of Music, I.  Peretz & R. Zatorre, Eds. Oxford Press, 247-268. 

Chapters 232-26 (pp. 357-412) Papers by Rauschecker, Schlaug, Pantev etal,  and Pascual-Leione (2003) , In The Cognitive Neuroscience of Music,  I. Peretz & R. Zatorre, Eds. Oxford Press.

Pantev, C., Osstenveld, R., Englelien, A. Ross, B., Roberts, L. E., Hoke, M. (1998). Increased auditory representation in musicians. Nature, 392, 811-814. e journal
van Zuijen, T.L., Sussman, E., Winkler, I.,Naatanen, R. & Tervaniemi,M. (2004). Grouping of sequential sounds- an event-related potential study comparing musicians and nonmusicians. Journal of Cognitive Neuroscience 16, 331-338. e journal
Gaser, C. & Schlaug,G. (2003). Gray matter differences between musicians and nonmusicians.  Annals of the New York Academy of Sciences 999, 514-517. e journal
Neuropsychology (brain malfunction and damage in humans)
 Marin, O. S. M. and Perry, D. W.  (1999). Neurological aspects of music perception and performance.  In The Psychology of Music Perception. pp. 653-724. D. Deutsch  (Ed).  Academic Press.

Sergent, J. (1993). Music, the brain and Ravel. Trends in Neuroscience 16, 168-172. 

Baeck, E. (1996). Was Maurice Ravel's illness a corticobasal degeneration? Clinical Neuroololgy and Neurosurgery  98, 57-61. e journal
Stewart, L. and Walsh, V. (2001). Neuropsychology: Music of the hemispheres. Current Biology 11, R 125-R127. e journal
Piccirilli, M., Sciarma, T., and Luzzi, S. (2000). Modularity of music: evidence from a case of pure amusia.  J. Neurol. Neurosurg. Psychiatry, 69, 541-545.. e journal
Brust, J.D.M. (2003). Music and the neurologist: a historical perspective. In The Cognitive Neuroscience of Music,  I. Peretz & R. Zatorre, Eds. Oxford Press, pp. 181-191.

Peretz, I. (2003). Brain specialization for music: new evidence from congenital amusia. In The Cognitive Neuroscience of Music,  I. Peretz & R. Zatorre, Eds. Oxford Press. pp. 192-203.
Neural Networks and Computational Models 

Tillmann, B. et al . Learning and perceiving musical structures: further insights from artificial neural networks. In The Cognitive Neuroscience of Music, I.  Peretz & R. Zatorre, Eds. Oxford Press, 109-126.

Tillmann, B., Bharucha,J.J., Bigand, E. (2000). Implicit learning of tonality: a self-organizing approach. Psychological Review  107, 885-913. e journal
Krumhansl, C. and Toiviainen, P. (2003). Tonal Cognition. In The Cognitive Neuroscience of Music.

 I.  Peretz & R. Zatorre, Eds. Oxford Press, 95-108.

Cambouropoulos, E. (2003). Pitch spelling: a computational model. Music Perception 20, 411-429.

Johnson-Laird, P.N. (2002).  How jazz musicians improvise. Music Perception, 19, 415-442.. 

Origins and Evolution of Music

Cross, I. (2003). Music, cognition, culture, and evolution. In The Cognitive Neuroscience of Music, I.  Peretz & R. Zatorre, Eds. Oxford Press, 42-56.

Huron, D. (2003). Is music an evolutionary adaptation? In The Cognitive Neuroscience of Music, I.  Peretz & R. Zatorre, Eds. Oxford Press, 57-78.

Gray, P.M. et al.(2001). Biology and Music: Enhanced: The Music of Nature and the Nature of Music.             Science, 291, 52- 54. e journal

Tramo, M. J. (2001). Biology and Music: Enhanced: Music of the Hemispheres. Science  291, 54-56. e journ
Goldberg, J. et al.(2001). Structures of the Mind and Universal Music. Science 292, 2433. e journal 

Benitez-Bribiesca, L.B. (2001). The Biology of Music. Science 292, 2432b. e journal
Gray, P.M. (2001). Response to Benitez-Bribiesca. Science 292, 2432b. e journal
The Origins of Music. (2000).  N. L. Wallin, B. Merker and S. Brown (Eds.). MIT Press.

Trehub, S.E. (2003). The developmental origins of musicality. Nature Neuroscience  6, 669-673. e journal

Hauser, M.D. & McDermott, J. (2003). The evolution of music faculty: a comparative perspective. Nature Neuroscience  6, 663-668.  e journal

Absolute Pitch

Ward, W. D. (1999). Absolute Pitch.  In The Psychology of Music Perception. pp. 265-298. D. Deutsch  (Ed).  Academic Press.

Burns, E. M. (1999a).  Intervals, Scales and Tuning. In The Psychology of Music Perception. pp. 215-227. 

D. Deutsch  (Ed).  Academic Press

Lenhoff, H. M. et al (2001). Absolute pitch in Williams Syndrome.  Musical Perception 18, 491-503 

Synesthesia: The taste of music, the sound of color. (1997) N.I.H. Journal, 9, 25-26.

Nowak, R. (1995). Brain center linked to perfect pitch.  Science, 267, 616.

Zatorre R. J. et al. (1998). Functional anatomy of musical processing in listeners with absolute and relative pitch.  Proc. Natl. Acad. Sci. USA, 95, 3172-3177. e journal

Zatorre, R. J. (2003).  Absolute pitch: a model for understanding the influence of genes and development on neural and cognitive function.  Nature Neuroscience  6, 692-695. e journal

MacDougall-Shackleton, S.A. & Hulse, S.H. (1996). Concurrent absolute and relative pitch processing by Europen starlings (Sturnus vulgaris). Journal of Comparative Psychology 110, 139-146.  e-journal
Pioneers in Music Perception: Seashore and Meyer

Seashore, C.E. (1938,1967). The Psychology of Music. Dover.

Meyer, L.B. (1956). Emotion and Meaning in Music. Univ. of Chicago.

Pitch, Tonality  and Harmonic Spaces

Krumhansl, C. L. (1979).  The psychological representation of musical pitch in tonal context. Cognitive Psychology  11, 346-384. e journal 

Krumhansl, C. L. &  Kessler, E.J. (1982). Tracing the dynamic changes in perceived tonal organization in a spatial map of musical keys. Psychol. Rev., 89, 334-368.

Janata, P., Birk, J.L., Tillman, B. & Bharucha, J.J. (2003). Online detection of tonal pop-out in modulating contexts. Music Perception 20, 2283-305. 

Krumhansl, C.L. (1990). Cognitive Foundations of Musical  Pitch. Oxford Press.

Wright, A.A., Rivera, J.J., Hulse, S.M., Shyan, M. & Neiworth, J.J. (2000).  Music perception and octave generalization in rhesus monkeys. J. Exp. Psychol. Gen. 8 ,291-307. e journal
Krumhansl, C.L. & P. Toiviainen (2003).  Tonal cognition. In The Cognitive Neuroscience of Music, I.  Peretz & R. Zatorre, Eds. Oxford Press, 95-108. 

Giangrande, J., Tuller, B., Kelso, J.A.S. (2003). Perceptual dynamics of circular pitch. Music Perception 20, 241-262.

Other  References on Music Perception


Burns, E. M. (1999a).  Intervals, Scales and Tuning. In The Psychology of Music Perception. pp. 215-227. 

D. Deutsch  (Ed).  Academic Press

Houtsma, A. J. M. et al. (1987).  Auditory Demonstrations.  Pp. 3-92.  Institute for Perception Research and Acoustical Society of America
Music and Emotion.  P. Juslin and J. Sloboda (Eds.).  Oxford, 2001.

Morgan, N. and Gold, B. (1999).  Speech and Audio Signal Processing: Processing and Perception of Speech and Music.  Wiley.

Biological Foundations of Music. (2001).  R. Zatorre and I. Peretz (Eds.).  Ann. N.Y.  Acad. Sciences, 930. 

     (largely the same asThe Cognitive Neuroscience of Music, I.  Peretz & R. Zatorre, Eds. Oxford Press)

Rhythm Perception and Production. (2000). P. Desain and L. Windsor (Eds.). Swets and Zeitinger.

Musical Networks. (1999). N. Griffin and P. M. Todd (Eds.) MIT  Press.

Seashore, C.E. (1938,1967). The Psychology of Music. Dover.

Meyer, L.B. (1956). Emotion and Meaning in Music. Univ. of Chicago.

Burns, E.M. and Viemeister, N. F. (1976).  Nonspectral pitch. Journal of the Acoustical Society of America 60, 863-869.

Burns, E.M. and Viemeister, N. F. (1981). Played-again SAM: further observations on the pitch of amplitude-modulated noise. Journal of the Acoustical Society of America 70,  1665-1659.

The Central Auditory Pathway (1997).  G. Ehret and R.Romand, Eds.  Oxford University Press.

A. J. M. Houtsma (1995). Pitch Perception. In Hearing, B. C. J.  Moore (Ed). Academic Press, pp.267-296.

Ward, W. D. (1999). Absolute Pitch.  In The Psychology of Music Perception. pp. 265-298. D. Deutsch  (Ed).  Academic Press.

Burns, E. M. (1999a).  Intervals, Scales and Tuning. In The Psychology of Music Perception. pp. 215-227. D. Deutsch  (Ed).  Academic Press

Lenhoff, H. M. et al (2001). Absolute pitch in Williams Syndrome.  Musical Perception 18, 491-503

Synesthesia: The taste of music, the sound of color. (1997) N.I.H. Journal, 9, 25-26.

Nowak, R. (1995). Brain center linked to perfect pitch.  Science, 267, 616.

Patel, A. D. and Balaban, E. (2001). Human pitch perception is reflected in the timing of stimulus-related cortical activity. Nature Neuroscience, 4, 839-844.

Weinberger, N. M. (1999). Music and the Auditory System.  In The Psychology of Music Perception. pp. 47-87. D. Deutsch  (Ed).  Academic Press.

Young, E. D. (1998).  What's the best sound?  Science, 280, 1402-1403.

De Charms et al (1998). Optimizing sound features for cortical neurons.  Science, 280, 1439-1443.

Zatorre, R. J., Evans, A. C., and Meyer, E. (1994). Neural mechanisms underlying melodic perception and memory for pitch.  J. Neuroscience 14, 1908-1919.

Tian, B. et al, (2001). Functional specialization in rhesus monkey auditory cortex. Science, 292, 290- 293

Johnsrude, I.S., Penhune, V. B. and Zatorre, R.J. (2000).  Functional specificity in the right human auditory cortex for perceiving pitch direction. Brain, 123, 155-163.

Bhattacharya, J. et al.  (2001). Interdependencies in the spontaneous EEG while listening to music.  Int. Journal of Psychophysiology, 42, 287-301.

Halpern, A. R. and Zatorre, R. J. (1999). When that tune runs through your head: a PET investigation of auditory imagery for familiar melodies. Cerebral Cortex, 9, 697-704.

Bhattacharya, J., et al. (2001). Long-range synchrony in the ( band: role in music perception. 

J. Neuroscience, 21, 6329-6337.

Leslie, R. A. (2001). Close correlation between fMRI signals and neural activity...or not? Trends in Neuroscience 24, 566-567. 

Drayna, D. et al (2001). Genetic correlates of musical pitch recognition in humans. Science 291, 1969-1971. 

Zatorre, R. J. (2003).  Neural specializations for tonal processing. In The Cognitive Neuroscience of Music. 

I.  Peretz & R. Zatorre, Eds. Oxford Press, 231-246.

Schwartz, D.A., Howe, C.Q. & Purves, D. (2003). The statistical structure of human speech predicts musical universals.  Journal of Neuroscience 23, 7160-7168. e journal

