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The experiments reported here provide a perceptual analysis of the first
movement of Mozart’s Piano Sonata in FF Major, K. 282, The listeners,
who varied in the extent of their musical training, performed three tasks
while listening to the piece as 1t was reproduced from an expert perfor-
mance. The first task determined how the music is perceived to be seg-
mented, the second rask determined how the experience of tension varies
over rime, and the third rask determined what listeners identify as new
musical ideas in the piece. These tasks were performed first on the entire
piece and then on smaller sections from the beginning. These three as-
pects of music perception are coordinated with one another and corre-
late with various musical attributes. Judgments of section e¢nds co-oc-
curred with peaks in tension and slow tempos. Judgments of new musical
ideas co-occurred with low tension levels and neutral tempos. Tension
was influenced by melodic contour, note density, dynamics, harmony,
tonality, and other factors. Judgments of large-scale section ends were
less frequent than judgments of new musical ideas, but these were more
nearly one-to-one on smaller time scales. A subsidiary experiment exam-
ined the extent to which tension judgments were influenced by performed
rempo and dynamics. Listeners made tension judgments for four differ-
ent versions of the piece: as performed, constant dynamics {with rempo
as performed}, constant tempo (with dynamics as performed), and con-
stant tempo and dynamics, The tension curves were generally very simi-
lar, deviating only in a few regions containing major section ends. The :
results are considered in light of the metaphor of tension applied to mu- 3
sic and the analogy between music and linguistic discourse, 5

THE experience of music is notoriously difficult to describe. As a conse-
quence, a wide variety of different approaches to musical analysis have
been developed (as summarized, for example, by Bent, 1987, 1294; Cook,
1987). Each approach has its guiding metaphors, special terminology, de-
scriptive devices, and theoretical commitments. Some are oriented toward
specific musical styles or compositional methods and are narrowly focused
on musical concerns. Others engage broader philosophical and psychologi-
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cal questions. In any case, the primary objective of musical analysis is thy
explication of particular musical compositions, and a method’s success i
measured by whether it yields useful insights when applied to those co:
positions. This article explores the possibility that perceptual experime
might serve as a useful complement to other approaches to the analysis o
music.
In the experiments reported here, listeners performed a number of pe
ceptual tasks while they listened to the first movement of Mozart’s Pia
Sonata in Eb Major, K. 282. The tasks were designed to probe three aspect
of music perception segmentation into hierarchically organized units, varia
tions over time in the degree of experienced tension, and identification o
distinct musical ideas as they are introduced in the piece. The tasks wer
designed so that they did not require the listeners to have musical expertise
The listeners who participated varied considerably in their musical back
grounds, but few had explicit training in musical analysis. Thus, the ex
perimental results are independent of results obtained through other meth
ods. Because the experiments investigated the perception of this single piec
of music, the findings do not extend to other compositions or styles, al
though the tasks would seem applicable to a range of styles. The broade
context for the work draws on two different traditions. One is the descrip
tion of music as giving rise to variations in tension over time. The other is
the analogy between music and discourse. '

Musical Tension

Music, particularly music in the Western tonal-harmonic style, is often
described in terms of patterns of tension and relaxation (or release from
tension). According to Bent (1987), this way of describing music arose in
early 20th century musical analysis and was influenced by Gestalt psychol-
ogy. Three Gestalt principles were extended to music: closure, which auto
matically completes partially incomplete patterns; the phi phenomenon
which interpolates a link between two separate occurrences; and Prdgnanz,
which seeks the simplest possible perceptual organization. In addition, f '
ure-ground organization motivated the analysis of music by using reduc-
tions to show the essential underlying structure. Musical form was consid-
ered a type of whole or Gestalt. Phrases, motives, thythms, and other musical
patterns bear specific relationships with one another, and together deter-
mine the musical form. The musical form, in turn, exerts influences on't
perception of the musical components, just as a VISuaI form influences the
perception of its components. Finally, this tradition of music analysis is
congenial with Gestalt theory in its reliance on graphical methods. ‘

One of the leading proponents of this approach was Ernst Kurth. In his
terminology, melodic, harmonic, and rhythmic elements carry energy, which
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1991). Graphical expressions of dynamic qualities in musical respon:
can be found in the work of Truslit (see Repp, 1993) and Clynes a
Nettheim (1982).
The most extensive experimental analysis of musical tension, to my know
edge, however, is the dissertation by Nielsen (1983), which has recen
been extended in studies by Madson and Fredrickson (1993; Fredricksc
1995). According to Nielsen, “In the musical structure of strata, ‘tens
is assumed to be placed in the middle region of the object, connecting st
tural characteristics of the surface level with more deeply located strata
emotion and other strata of meaning” (p. 316). In the experiments, liste
ers pressed a pair of tongs together to indicate the experienced degree
tension. The amount of pressure applied was recorded continuously as t
music was played. The musical examples used were the first movement o
Haydn’s Symphony, no. 104, and the first 75 measures of R. Strauss” Als
sprach Zarathustra. Listeners were experienced musicians and 16-year-0
students. This method produced strikingly regular tension curves,
smaller waves of tension superimposed on larger waves of tensio
Intersubject agreement was reasonably strong. Greater consistency w
found among the experienced musicians, although some of the studen
tension curves matched those of the musicians. The tension judgments coul
be related to specific musical factors, including dynamics, timbre, meloc
contour, harmony, tonality, and repetition. These factors, Nielsen acknowl
edges, interact in complex ways and the tension that is felt is assumed t«
result from the interactions. '
Listeners in the experiments to be reported here performed a simi
task. As they listened to the movement from the Mozart sonata, they
justed an indicator on the computer display to show the degree of expe
enced tension. The position of the indicator was recorded four times pe
second. The computer control of the music permitted precise registrati
between the musical events and the responses. This task was repeated
number of times, first with the entire piece, then with smaller subsection:
This gives a way of assessing the reliability of the tension judgments acre
repetitions as the listeners became more familiar with the piece. Listener
had various levels of musical training, so comparisons across individual
examine differences that depend on prior musical experience.

Music and Discourse

Descriptions of music have often relied on analogies between music an
language. According to Bent (1994), the earliest surviving full-scale analy
sis of music, from the Middle Ages, identifies rhetorical sections and othe
quasi-linguistic units. More recent descriptions have drawn on various par
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This description shares much with accounts of musical organization. In
fact, Chafe says, “Once one has become accustomed to observing intona-
tion units,...it becomes impossible not to hear analogous segments in mu-
sic. Their presence there may be no accident. The convergence of language
and music in this respect may very well show a human need to process
information in relatively brief units in active consciousness, to combine
such units within larger centers of interest, and every so often to shift from
one cluster of semi-active information to another” (p. 186). As a demon-
stration of how his analytic techniques might be applied to music, Chafe
presents brief analyses of the beginning of Mozart’s Piano Sonata in F Ma-
jor, K. 322, and a Seneca Indian song from Drum Dance. The intonational
units identified in the analysis appear to be defined primary by melodic
contour and pauses.

Two tasks were included in the experiments reported here to examine
aspects of music that may be analogous to discourse. The first aspect is
segmentation into hierarchically organized units. One task required listen-
ers to indicate when they heard the end of sections within the piece, similar
to the method used by Imberty (1981), Clarke and Krumhansl (1990), and
Deliége and El Ahmadi (1990). This was done first for the entire piece, and
then for smaller subsections. Of interest are the kinds of features that occur
at the ends of sections and whether these changed with the focus on smaller
subsections of the music. The second aspect is the introduction and subse-
quent elaboration of new materials or topics. A second task required lis-
teners to indicate when they heard new musical ideas introduced in the
music. Again, this was done first for the entire piece and then for smaller
subsections. The responses can be used to determine musical features that
set off new musical ideas and can be compared with music analytical con-
cepts such as figure, motif, and phrase (see Bent, 1987). Finally, the posi-
tions of the new musical ideas in relation to section endings can be found,
as well as how both of these relate to the tension judgments.

Exbérirherits 1-3

The first three experiments all followed the same general method, and
the same listeners participated in all three. In the first, listeners heard the
entire piece and, on successive hearings, made three different kinds of judg-

ments: section ends, tension, and new musical ideas. Listeners made the

same judgments for measures 1-15 in Experiment 2 and measures 1-8 in
Experiment 3. The three experiments were always run in the same order, so
that experience with the piece increased throughout the series of experi-
ments. The focus in the later experiments on shorter sections might also
change the listeners’ thresholds for identifying section ends and new musi-
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Fig. 2. The top graph shows the judgments of large-scale section ends in Experiment 1. The
values shown are the percentages of listeners responding within each two-beat interval of
time; the gray lines mark the measures. The tree structure shown at the top is derived from
the section-end judgments. The bottom graph shows the duration of each two-beat interval
divided by the longest two-beat interval in the piece. This is equivalent to the minimum
tempo divided by the local tempo (which is expressed as a percentage). Higher values corre-
spond to slower tempos. Judgments of section ends co-occur with slowing of tempo.

The perceptual judgments of segmentation correspond closely to the tradi-
tional analysis of form as described by Narmour (this issue, Figure 1). How-
ever, the tree derived from the perceptual judgments corresponds less well to
the global and prolongational analysis by Lerdahl (this issue, Figure 17). Lerdahl
assumes, in line with conventional wisdom, that the segmentation of measures
1-15 should be the same as measures 1-15 (repeat). However, because of the
strong ending at the end of measure 8 (repeat), the perceptual judgments pro-
duce a tree in which measures 1-8 (repeat) join with the preceding measures

9-15, and measures 9-15 (repeat) j )011’1 with the subsequent measures 1l6-26.

to derwe the “tensing” versus relaxmg relationship that is represented in
the prolongational analysis.

The correspondence between large-scale segmentation and performed
tempo was striking. Local tempo was measured over the same two-beat
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Minimum Tempo /

Fig. 3. The top graph shows the judgments of tension in Experiment 1. Listeners indicated
tension by adjusting an indicator whose position was measured every 250 ms on a scale
from 0 to 100. Comparison with the tree structure at the top shows tension peaks followed
by rapid decreases at the ends of large-scale sections. Comparison with the bottom graph
shows slower tempos at the same points in the music.

29, 31, and 33. A subsidiary experiment, described later, examines the ef-
fect of manipulating tempo on tension judgments.

Figure 4 shows the tension data in more detail. The top and middle graphs
show the data for measures 1-15 and 1-15 (repeat), emphasizing the de-
gree of consistency in the responses across repetitions. The material in mea-
sures 22-33 is analogous to that in measures 4-15 and, again, the degree of
consistency is strong despite the surface differences between these sections.
At a general level, the tension judgments correspond to the traditional ac-
count presented by Narmour (this issue) of a stable primary theme in mea-
sures 1-3 and a stable secondary theme in measures 9-11. However, he

notes an alternative interpretation of measures 1=3 as introductory mate=

rial and measures 46 as the primary theme. This is consistent with the
relative lack of tension in measures 4-6.

Narmour (personal communication, May 1994) also provided a more
detailed account of locations predicted to be low in tension and locations
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TABLE 1
Sources of Tension in Narmour’s Analysis

Location Source of Tension

Measure 2 Dissonance

Measure 3 Extraopus harmonic style

Measure 4 Melody, dynamic

Measure 5 Melody, dynamic

Measure 6 Mode

Measure 7 Dissonance, dynamic

Measure 8 Melody

Measure 11 ‘Denial of i mtraopus style :

Measure 13 : Denial of intraopus style, denial of extraopus harmonic style

Measure 14 Chromaticism, denial of intraopus style, denial of extraopus
harmonic style

Measure 15 Melody

Measure 16 Denial of intraopus style, key change

Measure 17 Chromaticism, dynamic

Measure 18 Denial of intraopus style

Measure 19 , Harmonic process; dynamic, chromatlczsm

Measure 20 Deriial of intraopus style

Measure 21 Dissonance, denial of intraopus style

Measure 22 Denial of intraopus style

Measure 23 Break in pattern of harmony

Measure 24 Dissonance, dynamic

Measure 25 Melody, denial of intraopus style, dynamic

Measure 26 ‘Melody

Measure:29 Denial of intraopus style

Measure 31 Deriial of intraopus style, denial of extraopus harmonic style

Measure 32 Chromaticism; denial of intraopus style, denial of extraopus
harmonic style -

Measures 34, 35 Melody, dissonance

covary with the pitch height of the melody at a local level (the highest notes
in the schematic). This was particularly so in measures 9-15, 1619, and
27-33, where the fine-grained detail of the tension curves quite closely
followed the melodic contour. This figure also makes clear that the sharp-
est drops in tension occurred when the density of notes decreases in mea-
sures 8, 21, 26, and 36. Figure 5 also displays the MIDI-coded key veloci-
ties under the tension graphs: As noted eatrlier, these values only approximate
the dynamics of ‘eithe’r ‘th'e original pe'rf'ormance or the Ver‘si'en that was

follow the hlghest velocity values. Also, the major section ends in measures
8, 15, 21, 26, and 36 were accompanied by declines in dynamics. Thus,
influences of both dynamics and pitch height can be found in the tension
profiles. It is interesting to note the correspondence between dynamics and
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Fig. 6. Judgments of new musical ideas in Experiment 1. The values shown are the percent-
age of listeners responding within each two-beat interval of time. Listeners identified many
new musical ideas within the piece. Comparison with Figure 2 shows that judgments of
large-scale section ends were followed by judgments of new musical ideas. New musical
ideas also tended to occur at neutral tempos. The three graphs in this figure indicate the
consistency between repetitions and between the analogous material in measures 4-15 and
22-33. Theoretical predictions from Robert Gjerdingen (personal communication, March
1995) show the beginning of musical figures indicated by an asterisk.

age of listeners indicating that a musical idea began within each two-beat
interval. Listeners apparently found a large number of different musical
ideas in the piece. In most cases, there was reasonable consensus about
their locations; the majority of peaks in the curve indicate agreement by at
least half of the listeners. ‘ -
Considering first the relationship with segmentation, section ends were
in all cases followed by new ideas. Judgments of new ideas occurred at the
beginning of the piece and in measures 4, 9, 14, 1 (repeat), 4 (repeat), 9
(repeat), 14 (repeat), 16, 22, 27, 32, and 34, that is, after each point at
which section-end judgments occurred. However, new musical ideas also

occurred within these segments, most notably in measures 11, 15,11 (re-

peat), 15 (repeat), 29, and 33. Because of these additional judgments and
the temporal lag between new musical idea and section-end judgments, the
correlation between responses of section ends and musical ideas was non-
significant [r =—.06 (N = 202, df = 200)]. As far as tempo is concerned, new
musical ideas tended to occur at a neutral tempo. These variables had a
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ages of listeners who responded within each interval are shown at the cen-
ter of Figure 7. The data from Experiment 1 are shown at the bottom of the
figure for comparison. As before, listeners agreed unanimously that a sec-
tion ending occurred in measure 8. The positions eliciting fewer responses
in the previous experiment, in measures 3, 13, and the beginning of mea-
sure 15, now received more responses, and additional responses occurred
in measures 2, 6, 7, and 11. Despite the additional responses, the correla-
tion between Experiments 1 and 2 was high [r = .81 (N = 58, df = 56),p <
.0001].

In Experiment 3, listeners heard only the first eight measures and judged
where endings of small-sized sections occurred. The data are shown at the
top of Figure 7. The same kinds of changes in responding were found as
had been observed between Experiments 1 and 2. Measures 2, 6, and 7,
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Fig. 7. Judgments of section ends made on the large scale (whole piece, Experiment 1),
medium scale (measures 1-15, Experiment 2), and small scale (measures 1-8, Experiment
3). Focusing on smaller sections produced responses in more locations but the timing of the
responses was. approximately the same in all three experiments.
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Tension

Experiment 3

Experiment 2

Tension

Experiment 1

Tension

10 11 12 13 14 15

Fig. 8. Judgments of tension in Experiments 1, 2, and 3. Although the later experiments
generated profiles with slightly more fine-grained structures, the patterns were strongly
correlated.

than before, as can be seen by comparison with Figures 3 and 5. In addi-
tion, tension on the medium- and small scales was even more tightly coupled
with judgments of section ends than in Experiment 1. Peaks in tension
coincided with section-end judgments in measures 2, 3, 6,7, 8, 13,and 15
in Experiment 2, and additionally in measure 5 in Experiment 3. The only
disparity was in measure 11.

The tension ratings for the first eight measures were averaged over the
three experiments and are shown in Figure 9. For this opening segment,
Lerdahl (this issue, Figure 21) provided a set of numerical predictions for
tonal tension of each event. The definitions of the terms and the rationale
for their numerical coding appear in his article. Briefly, scale degree codes
whether the melodic tone is contained in the supporting triad. Inversion
codes whether the triad is in root position or inversion. Nonharmonic tone
codes for the presence of tones not in the chord, including chordal sev-
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value is the sum of the pitch space i, j, and k values for all events
superordinate to an event in the prolongational tree. This gives a total of
seven quantitative variables.

The fit of the tension judgments by the model with these seven variables
was assessed by using multiple regression. The multiple regression was highly
significant [R(7,177) = .79, p < .0001], indicating a good fit to the data.
Subsequent regression analyses showed that the surface dissonance vari-
ables accounted for the data less well [R(3, 181) = .28, p = .001] than the
four pitch-space variables [R(4,180) = .78, p < .0001]. Indeed, these four
variables alone accounted for the data as well as all seven variables to-
gether. Of the pitch-space variables, the strongest was inherited value (see
also Palmer, this issue), followed by pitch-space k distance.

The top of Figure 9 compares the tension judgments with the full seven-
variable model. As can be seen, the responses tended to lag sllghtly behind
the theoretical pred1ct10ns That is, a rise in predicted tension is often fol-
lowed shortly by a rise in perceived tension and similarly for drops in ten-
sion. In addmon, the model predicts more fine-grained detail than is found
in the judgments. Together, these results suggest that listeners are integrat-
ing the musical information over time, producing the smoother and slightly
delayed tension profiles. To test this, a model that included lags in units of
250 ms from 0 to 3250 ms (approximately two beats of the music) was
tested. The fit of the model is shown at the bottom of Figure 9. This model
with lags provided a considerably better fit to the data [#(14,170) = 91, p
<.0001]. The smoothness of the tension judgments suggests that they would
not be modeled well by either Narmour’s (this issue, Figures 25-27) values
of closure and nonclosure or the strength of Bharucha’s (this issue) yearn-
ing vector, which appear to apply on a more local time scale.

Musical Ideas

Finally, Figure 10 shows the percentage of listeners identifying new mu-
sical ideas in each two-beat interval during the initial segment of the piece
in Experiments 1, 2, and 3. Comparing first the results for Experiments 1
and 2, we see 31m11ar patterns. However, the responses tended to occur
somewhat earlier in Experiment 2 than in Experiment 1. In part because of
this, the correlation between Experiments 1 and 2 was negative [r = -.23
(N = 57, df = 55)], which approached significance, p = .08. However, shift-

ing the Experlment 1 data earlier by three beats produced a good match

between the experiments [ = .75 (N =57, df ='55), p'<.0001]. This te;

ral lag corresponds approximately to the time it takes for the new material
in the melody and/or accompaniment to be repeated, which may be neces-
sary in the first experiment to reinforce the impression that 2 new musical
idea has been introduced. In addition to the temporal shift in responding in
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Comparison with Figure 7 shows an increasingly close correspondence
between the locations of judged endings and the introduction of new musi-
cal ideas. In the later experiments, judgments of section ends were always
followed shortly by judgments of new ideas. These two variables had a
correlation of .59 (N =57,df=55), p <.0001 in Experiment 2, and r = .45
(N =32, df = 30), p = .01 in Experiment 3. This suggests that the smaller
scale sections are defined largely by a figural strategy of segmentation.
Comparison with Figure 8 shows the relatxonshxp between the locations of
new musical ideas and tension was also stronger in these experiments. New
musical ideas tended to be identified at points in the music where the ten-
sion level was either low or had just declined markedly: Indeed, the addi-
tional judgments of musical ideas that appeared in these later experiments
in measures 2, 6, and 7 can be linked to drops in the tension values in these
regions. Only those in measures 11 and 12 did not follow this pattern.
Finally, new musical ideas tended to be introduced when tempo was at a
neutral level. The correlations of these variables were .24 (N = 57, df = §5)
and .05 (N = 32, df = 30) in Experiments 2 and 3, respectively, neither of
which was statlstlcally significant. In sum, on the smaller time scales, judg-
ments of new musical ideas quite consistently followed section ending ;udg—
ments and occurred at pomts of low tension and neutral tempo

Experiment 4

Before turning to a discussion of the results, a fourth, subsidiary experi-
ment will be presented. The first three experiments revealed a number of
relationships between segmentation, tension, and musical ideas. In addi-
tion, some of these correlated with performed variations in tempo and dy-
namics. This raises the question as to the causal nature of the links between
performance variations and perceptual responses. How would the responses
change for a temporally regular or dynamically level performance’ Listen-
ers in the fourth experiment heard four different versions of the piece: as
performed, constant dynamics (with performed tempo), constant tempo
(with performed dynamics), and constant dynamics and tempo. In the in-
terest of time, listeners made tension judgments only. This task was se-
lected because it seemed mtultlvely to be the most susceptlble to perfor—

to be 51gnaled by numerous cues contained in the notated pltches and dura-

tions independently. of ’h(),w ,th,eVplece)1s,eperf,or,med,w S —

METHOD
Subjects

Twenty-four members of the Cornell community participated in the experiment for which
they received course credit. Listeners had from 1 to 18 years of instruction on musical
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Fig. 11. Tension judgments from Experiment 4, which manipulated dynamics and tempo.
Listeners heard four versions of the music: as performed, constant dynamics (with per-
formed tempo), constant tempo (with performed dynamics), and constant dynamics and
tempo. Only one repetition of measures 1-15 was played. The four tension curves showed
remarkably similar patterns, with deviations apparent only at the ends of some of the major
sections.

constant dynamics and tempo versions was r = .83 (N = 897,df=895),p <
.0001. These values are shown in the second and fourth graphs. These two
differ primarily in measures 21 and 26, where the dynamics seem to en-
hance the large drop in tension. Comparison between the versions with
different tempos is more difficult. However, visual inspection shows the
graphs have very similar shapes, with nearly equal average values, ranges,
and degrees of variation for all four versions. In general, it would seem that
the manipulation of performed tempo and dynamics had remarkably little

Discussion

The discussion will focus on a number of issues of experimental method-
ology, and the primary empirical results will be reviewed in that context.
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tion end had occurred were soon followed by judgments that a new musi-
cal idea had been introduced (and, conversely, judgments that a new musi-
cal idea had occurred were almost always preceded by judgments that a
section end had occurred). Section-end responses corresponded to peaks in
tension followed by rapid decreases in tension and slower tempos. In con-
trast, new musical ideas were introduced when tension was at a low level
and the tempo was neutral. On the large scale, the relationships between
these variables were not quite as one-to-one. In particular, listeners judged
there to be more new musical ideas than major section ends. Consequently,
judgments of section ends were always followed by judgments of new mu-
sical ideas but judgments of new musical ideas also occurred within large-
scale segments. Employing the three tasks in combination showed these
three aspects of music perception are generally quite tightly coordinated
with one another.

Another methodological issue considered here was the influence of indi-
vidual differences in musical experience. Does this cause listeners to re-
spond differently from one another? Listeners in these experiments varied
considerably in musical training, although none would qualify either as a
professional musician or as a total novice. It is difficult to assess musical
expertise and aptitude, but indicators such as years of formal instruction
and extent of academic training showed considerable variability. Indeed,
one of the listeners had, previously to the experiment, memorized and per-
formed this particular sonata. Despite these differences, responses in the
experiment were quite uniform. The nature of two of the tasks, the judg-
ments of section ends and new musical ideas, made it difficult to test statis-
tically the agreement between listeners. Nonetheless, considerable consen-
sus was apparent, particularly about the locations of section ends. Evidently,
these aspects of musical structure are expressed quite explicitly in the per-
ceptual information. It was possible to examine statistically the degree to
which listeners agreed with one another on their judgments of musical ten-
sion. Strong intersubject agreement was found, with no consistent relation-
ship with musical training or other aspects of their musical backgrounds.
Also, the tension judgments were highly reliable over repetitions, and
changed little with increased experience with the piece over the course of
the experiments.

Finally, the first three experiments raised the question of how strongly
the performed dynamics and tempo influenced the perceptual judgments.

These experiments showed that lower tension ratings tended to co-occur

with lower dynamics and, as noted earlier, higher tension ratings tended to
co-occur with the slower tempos. To examine this question, versions of the
piece were created with constant dynamics and tension and were presented
to listeners with the tension task. These manipulations produced remark-
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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
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Anatomy of a Performance: Sources of Musical
Expression

CAROLINE PALMER
Obio State University

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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