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after segment boundaries. This was particularly true for segmentation as
judged on the smaller scale, where segmentation corresponded mostly closely
to the introduction of new musical ideas.

The framework for discourse analysis proposed by Chafe (1994) brings
out a number of other similarities. First, new musical ideas tended to be
introduced at points of low tension and neutral tempo, which may corre-
spond to his starting points or points of departure that are prepared by the
larger context. Second, section ends identified by listeners at all levels in
these experiments corresponded to slowing of tempo, perhaps-analogous
to the patterns of phrase final lengthening and pauses at the end of dis-
course units. Third, section ends, like the ends of prosodic units, tended to
be marked by descending contour and decreased dynamics. Finally, the
asymmetric patterns of tension within segments, noted above, may corre-
spond in some way to how ideas are developed and completed within lin-
guistic units.

Again, many unanswered questions remain. Do repetitions in music re-
late in some way to the units of semiactive information described by Chafe?
Is there a quantifiable correspondence between the cognitive demands of
musical and linguistic units? Their durations? Are comparable patterns found
in other .pieces, or other musical styles? Whatever the answers to these
questions may be, the results of the experiments presented here suggest
that this particular piece of music coordinates a number of different per-
ceptual and conceptual structures in a way that invites comparison with
linguistic discourse. :

- Comparisons between the experlmental results and the theoretical analy-
ses of the piece (Gjerdingen, this issue; Lerdahl, this issue; Narmour, this
issue) also raise a number of questions. However, the numerous points of
convergence suggest an increasing understanding of the musical structures
that underlie music perception. One analysis by Gjerdingen that described
how the piece divides into distinctive figures corresponded well to the new
musical ideas identified by listeners. Although contemporary listeners are
unlikely to have the associations to historical precedents described by
Gijerdingen (this issue), they nonetheless appear able to identify the appro-
priate figural constituents. Narmour’s (this issue) description of the formal
design of the piece corresponded to listeners’ segmentatlon judgments, and
his qualitative analysis of sources of tension in the music corresponded to
listeners’ tension judgments. Finally, Lerdahl’s (this issue) quantitative pre-

dictions of tonal tension pr0v1ded a good model of the tension judgments
in the opening section of the piece. The success of the model supported

both local effects of harmonic tension and more global influences depend-
ing on an event’s position in the proposed hierarchical tree.

Convergence of this sort with the perceptual data provides external vali-
dation for the experimental methods. In turn, the perceptual data help clarify

A Pe

some of the theore
refining questions
structures that mi
far as dissonance i
nature or dissonar
style? How much
form of a piece an
would performers
ter the perceptual
piece, indeed a si
the generality of t
that it can suggest
other.!

Agawu, V.K. (1991).
Princeton Universi
Bent, . (1987). Analy
Bent, L (Ed.) (1994). ]
versity Press.
Bharucha, J. J. (1984)
Psyehology, 16,48
Bharucha, J. J., & Pry
metry in discrimin:
Bigand, E. (1994). Th
abstraction of “tes
Music Review, 9, 1
Bigand; E., Parncutt,
chord sequences:
motion and music:
Chafe, W. (1994). Dis.
Clarke, E. E, & Krur
213-252.

1. This research w
Study in the Behavios
Science Foundation (¢
express my gratitude t
spandung (The exper
attention. I also exten
the MIDI code for the

-.and Eugene - Narmouz

Carole Lunney for tec
who conducted the €%
of the preliminary stat
edited the MIDI code
performed preliminar;
suggestions on an earl




432 Carol L. Krumhansl

Clynes, M., & Nettheim, N. (1982). The living quality of music: Neurobiologic patterns of
communicating feeling. In M. Clynes (Ed.), Music, mind, and brain. New York: Plenum.

Cook, N. (1987). A guzde to musical analysis. New York: W, W. Norton.

Deligge, I, & El Ahmadi, A. (1990). Mechanisms of cue extraction in musical groupings: A
study of perception on Sequenza VI for viola solo by Luciano Berio. Psychology of
Music, 18, 18-44.

Fredrickson, W. (1995). A comparison of perceived musmal tension and aesthetic response.
Psychology of Music, 23, 81-87.

Gabrielsson, A. (1973). Adjective ratings and dimension analysis of auditory rhythm pat-
terns. Scandinavian ]ourmzl of Psychology, 14, 244-260.

Hevner, K. (1936). Experimental studies of the elements of expression in music. American
Journal of Psychology, 48, 246-268.

Hindemith, P. {1942). The craft of musical composition. Mainz: Schott.

Imberty, M. (1981). Les écriture du temps. Paris: Dunod.

Krumhansl, C. L. (1990). Cognitive foundations of musical pitch. New York: Oxford Uni-
versity Press.

Krumhansl, C. L. (1991). Music psychology: Tonal structures in perception and memory.
Annual Review of Psychology, 42, 277~303.

Krumhansl, C. L. (1995). Music psychology and music theory: Problems and prospects.
Music Theory Spectrum, 17, 53-80..

Kurth, E. (1947) Musikpsychologie. Bern: Verlag Krompholz. (Originally published 1931)

Lerdahl -{1988): Tonal pitch space. Music Perception, 5, 315-350.

Lerdahl, F & Jackendoff, R. (1983). A generative theory of tonal music. Cambridge, MA
M.L T Press

Lindblom, B., & Sundberg; J. (1970). Towards a generative theotry of melody. Swedish
Journal of Musicology, 52, 71-88.

Madson, C. K., & Fredrickson, W. E. (1993). The experience of musical tension: A replica-
tion .of Nielsen’s research using the continuous response digital interface. Journal of
Music Therapy, 30, 46-63.

Mever, L. B. {1956}. Emotion and medning in music. Chxcago University of Chicago Press.

Meyer, L. B. {(1967). Music, the arts, and ideas. Chicago: University of Chicago Press.

Nattiez, J-J. (1990). Music and discourse: Toward a semiology of music. Princeton: Princeton
University Press.

Nielsen, E. V. (1983). Oplevelse-af musikalsk spanding {The experience of musicaltension).
Copenhagen: Akademisk Forlag

Palmer, C., & Krumbhansl, C. L. {1987). Independent temporal and pitch structures in per-
ception. of musical phrases. Journal of Experimental Psychology: Human Perception
and Performance, 13, 116-126.

Palmer, C., & Krumhansl, C. L. (1990). Mental representations for musical meter. Journal
of Experzmental Psyckology Human Perception and Performance, 16, 728~741.

Ratner, L. G. (1977). Music: The listener’s art (3rd ed.). New York: McGraw-Hill,

Ratner, L. G. (1980). Classic music: Expression, form, and style: Wew York: Schirmer.

Ratner, L. G. {1991) Topical content in Mozart’s keyboard sonatas. Early Music;, 19, 615~
619:

Repp, B. (1993). Music as motion: A synopsis of Alexander Truslit’s (1938) Gestaltung und
Bewegung in der Musik. Psychology of Music, 21, 48-72. ,

Rothfarb, L. A. (1991). Ernst Kurth: Selected writings. Cambridge: Cambridge Unxversnv
Press.

Sundberg, J. (1987). The science of the singing uoice. Dekalb, IL: Northern Illinois Univer‘«
Sity Prosg. < oo R L

Sundberg; J., & Lindblom, B. ( 1976} Generanve theories in language and music descrip-
tions. Cognition, 3, 99-122.

Toth, E. (1977). The shaping forces in music. New York: Dover. (Original work published
1948)

Zuckerkandl, V. (1956). Sound and symbol. Princeton: Princeton University Press.

Music Perception

© 1996 BY THE REGENTS OF THE

Spring 1996, Vol. 13, No. 3, 433-453 UNIVERSITY OF CALIFORNIA

Anatomy of a Performance: Sources of Musical
Expression
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Research on music performance often assumes that a performer’s inten-
tion to emphasize musical structure as specified ina score dccounts for -
most musical expression. Relatively unstudied sources of expression in
performance include notational variants of compositional scores, per-
former-specific aspects, and the cultural norms of a particular idiom,
including both stylistic patterns that exist across musical works and ex-
pectations that arise from a particular musical context. A case study of
an expert performance of a Mozart piano sonata is presented in which
influences of historical interpretations of scores, performer-specific treat-
ments of orriamentation and pedaling, and music-theoretic notions of
melodic expectancy and tension-relaxation are revealed. Patterns of or-
ganization internal to the performance expression transcended the coarse-
grained information given in scores, suggesting that performance is a
beétter starting point than a musical score for testing theories of many
- musical behaviors. : :

D ESPITE the fact that music performance provides a rich perspective on
our musical experiences, our understanding of music performance has
not caught up with empirical study of other types of musical experiences.
Take for example the empirical research published in this journal (one of
the leading journals in the study of music cognition) in the past § years:
fewer than one fifth of the articles address performance, and twice as many
address perception of music. Some of this disparity arises from the fact that
only a minority of people perform music formally in our culture, whereas
almost everyone listens to music. Another source of the disparity arises
from the imperfect (or absent) methodologles for studying performance; a
single performance typically results in a large quantity of complex mea-
surements, and analysis techniques have been lacking. Recently, techniques

- for measuring and quantifying performance have improved with the ad- S

vance of computer-aided mu51cai instruments.
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