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Expectancy plays a central role in both structural descriptions of music, as
well as psychological explanations of the apprehension of such music structure.
This experiment investigates some of the factors underlying global expectancy
formation, using a production task. Performers saw a number of melodic and
combined melodic/harmonic contexts, and were asked to complete these frag-
ments in terms of how they expected the piece would continue. Three aspects of
these improvisations were examined—the pitch content, the metrical content, and
the length of the continuations. The pitch and metrical content of these productions
were influenced by two factors—the pitch and metrical content of the context
passages, as well as abstract structural representations of pitch and metric informa-
tion (i.e. tonal and metric hierarchies). Although continuation lengths varied
across performers, they were constrained by the phrase structure of the piece as
originally written. Together, these results suggest the presence of schematic plans
or “referents” which guide the production of expectancies, as measured by
improvisation.

Over the years, the importance of expectation in psychological theories has
become well-established, with expectancy being implicated in explanations of
perceptual organization (Wertheimer, 1923/1967), learning theory (MacCuorquodale
& Meehle, 1953; Tolman, 1932), attention (Posner & Snyder, 1975a, 1975b),
memory (Bransford, 1979; Mandler & Johnson, 1977), linguistic processing
(Duffy, 1986; Milis, 1980), and so on. Generically, “expectancy” refers to the idea
that an antecedent event, or set of events, implies or anticipates a subsequent event
or set of events. While a thorough review of the impact of expectancies on
psychological functioning is beyond the scope of this paper, as a general process,
the study of expectancies has added significantly to our knowledge about processing
in numerous perceptual and cognitive domains.

Not surprisingly, expectancy plays a central role in structural descriptions of
music, as well as in psychological explanations of our apprehension of such music
structure. Expectancy exists in a diverse array of music-theoretic analyses,
including, for example, Schenker’s (1935/1979) goal-directed melodic motions,
Piston’s (1978) account of melodic and harmonic compositional technique, Lerdahl
and Jackendoff’s (1983) concept of prolongational reduction, and so on. InMeyer’s
(1956, 1967, 1973) work, expectancy effects are explicit, presumably crucial for our
apprehension of music structure, as well as the perception of music meaning and
emotion. Meyer’s ideas have been strongly influenced by perceptual theory. Early
writings (Meyer, 1956) focus on the role of the Gestalt laws of organization in
expectancy generation, while subsequent work (Meyer, 1967) examines expec-
tancy and its relationship to information theory. Finally, Meyer’s (1973) concept
of “melodic structures” or “melodic processes,” which are melodic fragments that
generate expectancies for completion, function in accordance with principles of
music structure and general perceptual organization. Additionally, the psychologi-
cal reality of melodic processes has received experimental validation (Rosner &
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Meyer, 1982, 1986), as has their importance in expectancy formation (Schmuckler,
1989).

In a related theoretical approach, Narmour’s (1977) “implication-realization”
model assumes that the perception of music structure results from recognizing the
“characteristic” properties of melodic, harmonic, rhythmic, and dynamic parame-
ters. Such parameters are either “open” or “closed,” with the corresponding
implications either unresolved or resolved, respectively. As with Meyer’s work,
Narmour’s approach also emphasizes perceptual and cognitive processing. For
example, Narmour (1989) suggests that melodic perception is influenced by two
related constructs—*‘continuation” and “reversal.” Continuation, which depends on
Gestalt principles such as proximity and similarity, drives expectancies for
“maintaining the status quo” of a melody. To illustrate, continuation causes
expectations for extensions of registral direction, or the type of movement (i.e. by
step or by interval). Reversal is a symmetrical or complementary construct,
producing expectancies for change in the same parameters as continuation.

Both psychologists and musicologists have provided direct, empirical tests of
expectation in music. Recent years have witnessed a rapid growth of research
bearing on music expectancy. This work has had two aims, by and large. The first
has been investigating the effects of expectancies on the processing of music
materials. Because a number of studies have adopted this goal, a full review of this
literature is beyond the scope of this paper. In brief, expectancy impacts on many
aspects of music processing, including listeners’ attention to music events (Dowl-
ing, Lung, & Herrbold, 1987; Jones, Boltz, & Kidd, 1982; Jones, Kidd, & Wetzel,
1981), real-time processing of melodic and harmonic events (Bharucha, 1987;
Bharucha & Stoeckig, 1986, 1987), and memory for music events (DeWitt &
Samuel, 1990).

A second goal of research on music expectancy has been identifying the
situations giving rise to expectancies, as well as understanding the actual structure
and range of possibilities of one’s expectations. For example, Carlsen and
colleagues (Carlsen, 1981, 1982; Carlsen, Divenyi, & Taylor, 1970) examined
expectancy formation using short, melodic intervals. In these studies, listeners
heard two-note context intervals, and provided completions for these fragments in
terms of what they thought most likely to occur. Analysis of these continuations
involved tallying the frequency of each response interval (the distance between the
second note of the context interval and the first listener produced note) relative to
each context interval. The results indicated that although a variety of response
intervals occurred for each context, responses consisted primarily of ascending and
descending motion by one or two semitones. Additionally, context intervals
differed in the variance of response intervals engendered, with some contexts
causing much more unified response intervals than others. Unyk and Carlsen
(1987) also gathered expectancy responses (using the methodology described
above), and used these responses to generate a series of melodies. These melodies
could fulfill either a strong or weak expectancy, could violate the interval of a strong
or weak expectancy, or could change the contour of a strong or weak expectancy.
Analysis of performance in a dictation task revealed that more transcription errors
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occurred for melodies with weak as compared with strong expectancy generation.
Similarly, for strongly expected melodies, more errors occurred for interval and
contour violation conditions, relative to the fulfilled expectancy condition.

Other research provides greater detail on the factors underlying expectancy
formation. Schmuckler (1989) examined listeners’ expectations for the next event
in melodic, harmonic, and combined (melodic and harmonic) passages. In this
work, listeners heard a context passage followed by a single continuation event, and
rated how well the continuation event fit their expectations of what was to occur at
that point. Presenting a range of possible continuations for each context produced
“expectancy profiles,” which were then analyzed in order to assess the different
possible influences on expectancy generation. For melodic and harmonic passages,
differential support was found for a number of music-theoretic and psychological
factors. These influences included strong effects of tonality and Meyer’s (1973)
concept of melodic processes, weak evidence for the influence of melodic contour,
and moderate support for Piston’s (1978) theory of common harmonic progres-
sions. Additionally, expectations for combined melodic/harmonic continuations
were a weighted, additive combination of the expectations for melodic and
harmonic continuations individually. A final experiment, using a production task,
provided a convergent measure for the earlier studies. This experiment found that
the frequency of the first performer-produced event, given the same context
passages as in the previous studies, correlated with the listeners’ ratings of these
events from the earlier studies. Thus, those events which listeners rated as highly
expected were those produced by performers in response to the same passages.

Finally, some research addresses both concerns, examining factors underlying
expectancy formation as well as the subsequent consequences of expectancy
formation on processing (Boltz, 1989a, 1989b; Jones & Boltz, 1989). Jones and
Boltz (1989) describe an expectancy-based model of attention in which events are
characterized by the amount of temporal coherence they exhibit. Highly coherent
events contain distinct time spans, identifiable by clearly marked beginnings and
endings, etc. (Boltz, 1989b). Such events afford high predictability of future events,
generating expectancies about how and when such an event will end, with corre-
sponding effects on processing. Events with low coherence contain little structural
predictability, and might occur over arbitrary time spans. Jones and Boltz develop
this model in the context of describing performance in the estimation of time spans,
or the “filled-interval effect.” According to their model, time estimation is a
function of the expectancies generated by the event. When an event ends when and
where it is anticipated, time estimation is accurate. Violating expectancies system-
atically distorts judgments relative to the anticipated ending point. This model is
then applied to music patterns, and shows how factors such as harmonic accents,
phrase-structure, metric accents, and rhythmic patterning interact in generating
expectancies for pattern completions, which ultimately result in (predicted) errors
in time estimation.

One aspect common to this work on expectancies is a focus on relatively low-
level, or “local” expectancies. For example, Bharucha’s work on harmonic priming
(Bharucha & Stoeckig, 1986, 1987) examined the processing consequences of
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expectancies for a single harmonic event, relative to a single context chord.
Similarly, Carlsen’s research (Carlsen, 1981, 1982; Unyk & Carlsen, 1987) assessed
melodic expectancies generated on the basis of a simple two-note context interval,
and looked at single note expectancies. Schmuckler (1989), while providing more
extended, realistic contextual material, still measured expectancies only for the next
event in on-going music passages. However, Jones and Boltz (1989) provide a
notable exception in their concern with more “global” expectancies, or expectations
on the level of music phrases.

This relative exclusion to “local” expectancies contrasts sharply with the
musicological analyses of expectation discussed earlier. Meyer (1956, 1973)
assumes expectancies to be operative across different hierarchical levels of music
structure. Melodic processes, for one, occur across all time scales, and do not
necessarily appear as temporally successive notes in an on-going phrase. More
explicitly, Narmour’s (1977, 1989) model assumes that expectations function at all
hierarchical levels simultaneously. His constructs of continuation and reversal
(Narmour, 1989) are intended to be used recursively, thereby generating a series of
nested, hierarchic levels. Finally, other analyses also assume global expectancy,
albeit more implicitly. For example, Lerdahl and Jackendoff’s (1983) concept of
prolongational reduction connects antecedent and subsequent events on a global
scale, frequently across multiple phrases.

The current study attempts to fill this gap by examining the factors underlying
the formation of global expectations. Although Schmuckler (1989) suggests that
investigation of expectancy formation is most thoroughly accomplished using
perception-based tasks (rating scales, memory tasks, etc.), such procedures are
problematic when applied to global expectancies. One important aspect of using
perception-based methods is presenting to listeners a finite set of continuations,
which nevertheless samples the infinite set of possible continuations relatively
thoroughly. While defining such a set of alternative continuations is fairly easy for
single events, doing so for extended events ultimately requires some arbitrary
decisions as to what continuations should be examined. One way of avoiding this
problem is to use a production task, allowing subjects to generate their own
completions rather than choosing completions for them. Although production tasks
have their own inherent limitations (see Schmuckler, 1989), they have been used
successfully in studying expectancies (Carlsen, 1981, 1982; Schmuckler, 1989;
Unyk & Carlsen, 1987).

Asking for production of expectations in response to a context passage
essentially requires subjects to compose and/or improvise an ending. As such,
insights into expectancy productions might be gleaned from investigations of music
composition and improvisation. Sloboda (1985), in an interesting discussion of
these issues, describes a number of approaches for studying composition and
improvisation. These methods include analyzing composer’s sketchbooks, study of
composer’s writings about their own compositional practice, observation of com-
posers during composition, and descriptive analyses of improvisation and the
improvisational process. Throughout this review, Sloboda highlights two psycho-
logical processes. The first concerns the use of superordinate structures, or
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schematic plans, which guide the detail of a composition. Specifically, Sloboda
(1985) assumes that a “pre-exist(ing)...set of formal constraints...comprise a
‘blueprint’ or ‘skeleton’ for the improvisation” (p. 139). Subsequently, Sloboda
points out numerous examples in which composers and improvisers seem to be
guided by general constraints while composing and/or improvising. Sloboda’s
second process consists of the idea that the aforementioned constraints are optional,
changing in response to the note-by-note detail.

Pressing (1984, 1988) has provided a more detailed model of the structure of
improvised music. While a full description of this model is beyond the scope of this
paper, there are aspects of this work which are relevant to the current discussion.
One such point is the necessity of an underlying scheme (what Pressing, 1984, calls
a “referent”) which facilitates and generates improvised behavior. While improvi-
sation without an explicit referent occurs (such as in “free jazz”), referent-guided
improvisation is much more typical (Pressing, 1984). A second point involves the
concept of multiple referents. Specifically, Pressing (1984) suggests that two types
of referents exist—“in-time” and “out-of-time” referents. In-time referents involve
music motives, themes, etc., while out-of-time referents relate more closely to
moods, emotions, and stories. Finally, Pressing (1988) suggests that an important
aspect of improvisation is that an antecedent event conceivably gives rise to myriad
subsequent events, with the subsequent events differing depending on which
component of the antecedent event generated the consequent event. For example,
Pressing (1988) presents a three-note motive, which gives rise to numerous
(Pressing lists nine) possible improvisational continuations. Some continuations
are based on the interval content of the three-note motive, while others are motivated
by rhythmic similarity, or melodic contour, constraints of motor performances,
phrase structure, and so on.

Pressing (1987) also presents some detailed analyses of improvised music,
concentrating on what he calls the “micro-" and “macrostructure” of these pieces.
Macrostructure refers to the organization of pitch and rhythmic materials, phrase
structure, dynamics, etc., while microstructure consists of delays, anticipations,
duration distributions, legatoness, and so on. Although primarily descriptive in
nature, these analyses do provide support for some of Pressing’s theoretical
constructs, particularly the idea of a referent. An example appears in the macros-
tructural analysis of “Improvisation A” (Pressing 1987) in which there is systematic
use of recurring motives and intervallic sequences. These motives and intervallic
sequences occur in different forms (sometimes truncated, other times extended),
and in a variety of contexts. In asimilar vein, Pressing notes the frequent appearance
of different pitch class sets. The use of such motives and pitch class sets illustrates
one example of referent-guided improvisation, or more generally, of the role played
by schematic plans in improvisation. It should be noted, however, that these
motives and intervals are relatively “local” phenomena, and do not function as a
framework for the piece as a whole.

Given Pressing’s (1984, 1987, 1988) and Sloboda’s (1985) analyses of im-
provisation, one might anticipate that productions of expectancies could be under-
stood in terms of referent-guided processes. In this case, “referent” can be
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Eb, which each occur once. In terms of their relative durations, G sounds for 70%
of the time, Eb for 20% of the time, and Bb for 10% of the time. Thus, the pitch
duration vector for the context of Probe Position 1 consists of G weighted 7, Eb as
2, Bb as 1, with the remaining tones of the chromatic scale given zeroes.? These
pitch vectors were compiled for all performers’ productions, and for the context
material for each probe position.

To begin with, all of the performers’ pitch vectors were intercorrelated,
providing a measure of the similarity between these productions. Forming a single
data set across the seven probe positions, the mean interperformer correlation was
0.32, p<.01, with a range from 0.02 to 0.67. For the probe positions individually,
the mean interperformer correlation ranged from 0.16 to 0.59.

The performers’ pitch vectors were then compared to the pitch vectors
generated from the context passages. The correlation for each production for each
performer is shown in Figure 2. On an individual basis, there is a fair degree of
variability in these results; no performer produced improvisations which consis-
tently correlated with the context passage. However, one probe position (Probe
Position 7) produced fairly reliable results, with five of the six performers’
improvisations correlating significantly with the pitch content of the context.
Figure 2 also displays the correlations between the context pitch vectors and a pitch
vector produced by averaging the individual performers’ pitch vectors. This data
shows a stronger relationship to the context material, with four of the seven
correlations significant, and two of the remaining three marginally so. Generally,
it is not surprising that the pitch content of the individual improvisations would
show more variable results than the averaged pitch content. Improvisations ranged
from 1 to 35 notes, with an average length (across all performers and probe
positions) of 9.9 notes. Because individual performers’ pitch vectors are based on
relatively few note events, one might expect increased variability in these numbers.

Another series of analyses examined the extent to which the pitch vectors were
tonally structured. One means of assessing tonal structure involves correlating the
pitch vectors with Krumhansl and Kessler’s (1982) “tonal hierarchy,” which
consists of goodness-of-fit ratings for the twelve notes of the chromatic scale in
reference to a tonal context. In this situation, a significant positive correlation
indicates the presence of a given tonality within the pitch vector. By correlating the
pitch vectors with the complete set of 12 major and 12 minor tonal hierarchies
(Krumbhans] & Kessler, 1982) it is possible to assess the presence (or absence) of
tonal structure for all major and minor keys in the pitch vectors. Unfortunately, this
technique treats all keys individually, requiring the analyzer to interpret how the
different tonalities subsequently combine. An extension of this approach involves
mapping the pitch vectors onto a model of the psychological structure of key-space,
specifically the four-dimensional toroidal configuration suggested by Krumhansl
and Kessler (1982), and described in detail in Krumhansl (1990). This procedure
is accomplished by conducting a fourier analysis of the pitch vectors, with the
results of the fourier analyses used to determine the pitch vectors position in key-
space. In this way, multiple tonal structures can be simultaneously represented.?
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All pitch vectors were fourier analyzed, with the results of these analyses used
to map the pitch vectors onto Krumhansl and Kessler’s (1982) map of tonal space.
With this mapping, it becomes possible to quantify differences in key-space by
calculating the Euclidean distance between different positions. The less the
distance between two pitch vectors, the more similar the tonal structure is between
the two. For reference, the distance between two closely related major keys (i.e.,
C and G major) is 79.17 degrees. The distance between two closely related minor
keys (i.e., C and G minor) is 78.79 degrees. The distance between a major key and
its relative minor (C major and A minor) is 49.62 degrees, and the distance between
amajor key and its parallel minor (C major and C minor) is 72.74 degrees. For all
probe positions, Figure 3 shows the mean interperformer distance in key-space, as
well as the mean difference between the context vectors and the individual
performers’ pitch vectors. These two sets of data exhibit some general similarities—
in both cases, the strongest agreement in tonal space occurs at Probe Positions 2 and
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Figure 3. The mean interperformer distance in tonal space (open squares) and the
mean distance in tonal space between the performers’ and context vectors (open
diamonds) for the seven probe positions of the melody condition.
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7, while the weakest relationship is found for Probe Position 9. A one-way analysis
of variance was performed for the interperformer distances, as well as for the
distance between the performer and context pitch vectors. The one within-subject
factor in both analyses was “Probe Position.” Both analyses revealed significant
differences between the probe positions; for the interperformer differences, F (6,84)
=17.07, p<.001, and for the performer-context differences, F(6,30) = 3.82, p<.01.

Metric analyses. A complementary set of analyses examined the metrical
properties of the melodic continuations. Recent work by Palmer and Krumhansl
(1990 ) examined the metrical structure of a set of pieces from different composers
and music styles, along with investigating listeners’ perceptions of metrical
structure. In this work, “metric profiles” were produced by tabulating the metrical
positions at which note events occurred, averaging across multiple measures of
different pieces of music. Inadditionto tabulating the metric profiles from different
composers, Palmer and Krumhans] had listeners rate how well a note event, which
could occur at different temporal locations, fit into an abstract metrical context.
Their results indicated that these ratings were hierarchically structured, consisting
of graded orderings of events occurring at different temporal locations. This
suggests that there exists abstract, internalized knowledge of metrical patterns, or
“metrical hierarchies,” similar in kind to previous findings of abstract knowledge
of tonality (Krumhansl & Kessler, 1982; Krumhansl & Shepard, 1979).

By tabulating the metrical position at which note events occur, “metric vectors”
can be generated for both the melodic context passages and the performers’ melodic
continuations. For example, the melodic context preceding Probe Position 1
contains five pitch events. Of these five events, one occurs on the first beat of the
measure, one on the second eighth note of beat 2, one on beat 3, and two on beat 4.
Thus, the metric vector for the context for Probe Position 1 weights beat 4 as 2, beat
1, the second eighth note of beat 2, and beat 3 as 1, and the remaining metric
positions as 0. To facilitate later comparison with the metrical hierarchies of Palmer
and Krumhansl (1990), a measure of the music score was divided into 16 metric
positions, corresponding to 4 sixteenth notes for the four beats of a measure in 4/4
time.

For all productions across the probe positions, metric vectors were calculated,
and used in a series of analyses. Initial analyses looked at the interperformer
reliability of the metric content for the different probe positions. Forming a single
data set across the seven probe positions, the mean interperformer correlation was
0.62, p<.01, with a range from 0.34 to 0.81. For the probe positions individually,
the mean interperformer correlations ranged from 0.73, to 0.94, both p's <.01. It
seems that the metric content of the improvisations is fairly consistent across
different performers.

As with the pitch vectors, further analyses examined the relationship between
the metric content of the performers’ improvisations and the metric content of the
context passages. All performers’ metric vectors were correlated with the metric
vectors produced from the context passages; these correlations are graphed in
Figure 4. In contrast to the mild relationship observed between contexts and
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productions for the pitch content, performers’ metric vectors correlated strongly
with the metric content of the context, with individual performers’ correlations
falling below significance in only 5 of 42 cases. Figure 4 also contains the
correlations between the context and the metric vectors produced by averaging
across performers. Similar to the analysis on the individual performers, the
averaged metrical vector is strongly predicted by the metrical content of the context,
reaching significance for all seven probe positions.
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Figure 4. The correlations produced by comparing the individual performers’
(small, filled squares) and the averaged performers’ (large, open squares) metric
vectors with the context metric vectors for the seven probe positions of the melody
condition. The .05 probability (dotted line) is shown.
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Further analyses assessed the association between the metric structure of the
improvisations and the Palmer and Krumhansl (1990) metric hierarchy ratings
(described earlier) by correlating these two sets of numbers. Figure 5 graphs the
results of this analysis for the individual and averaged performers’ metrical vectors.
Similar to the results of the analysis on tonal structuring, these sets of data were
highly associated, suggesting that the performers’ metrical content was strongly
related to and/or influenced by one’s abstract knowledge of metrical structure.

A final series of analyses examined the lengths of the continuations. Figure 6
displays, for each performer, the length of each improvisation in terms of the
number of beats produced. All productions began at the same locations (beats 6,9,
12, 14, 18, 28, and 30 for Probe Positions 1, 2, 5, 6, 7, 9, and 10, respectively).
Overall, performance lengths differed across performers. Probe Position 1, for
example, gave rise to continuations of between 4 and 28 beats. Similarly, Probe
Position 2 generated continuations of between 8 and 25 beats. While the continu-
ation lengths varied, however, inspection of Figure 6 reveals an interesting regular-
ity across performers. Specifically, it appears that there were two end points for
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Figure 5. The correlations produced by comparing the individual performers’
(small, filled squares) and the averaged performers’ (large, open squares) metric
vectors with the Paimer and Krumhansl (1990) metric hierarchy for the seven probe
positions of the melody condition. The .05 probability (dotted line) is shown.
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Figure 6. Continuation lengths (in beats) for the six performers for each of the seven
probe positions in the melody condition.
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these improvisations, one at beats 17-18, and the other at beats 32-33. Interestingly,
these points coincide with the endings of the first and second phrase, respectively,
of the music excerpt as originally written by Schumann. Using a simple conditional
rule, the mean end points for the first and second phrases were calculated. The
conditional rule stipulated that if the final beat performed was less than or equal to
beat 18, it was used in calculating the first phrase ending beat, otherwise it was used
in calculating the second phrase ending beat. Ending beats greater than 33 were
included in the calculation for the second phrase. Table 1 lists the mean first and
second phrase ending beat for the seven probe positions.

Full Context Condition

Pitch analyses. Similar to the melody condition, pitch vectors were calculated
for the full context condition improvisations by recording the amount of time that
each tone of the chromatic scale was sounded. These pitch vectors were then
analyzed similarly to the pitch vectors of the melody condition.

Initial tests examined interperformer correlations. Forming a single data set
across the seven probe positions, the mean interperformer correlation was 0.42,
p<.01, with a range from 0.27 to 0.63. For the individual probe positions the mean
interperformer correlation ranged from 0.26 to 0.71. Relative to these same

Table 1
Mean ending beats occurring in the first and second phrases.
Melody Condition

Probe Position Phrase 1 (beats 2-18) Phrase 2 (beats 19+)
1 13.50 (n=3) 3200 (n=3)
2 1650 (n=4) 3300 (n=2)
5 1675 (n=4) 3500 (n=2)
6 16.75 (n=4) 2700 (n=2)
7 1800 (n=1) 2900 (n=5)
9 - 4033 (n=6)
10 --- 3767 (n=6)

Full Context Condition

Probe Position Phrase 1 (beats 2-18) Phrase 2 (beats 19+)
1 133 (n=6) -
2 168 (n=35) 3300 (=1
5 170 (n=5) 33.00 (n=1)
6 155 (n=5) 2200 (n=1)
7 180 (n=2) 2825 (n=4)
9 - 3333 (=6)
10 --- 3217 (n=6)

Note: Number of performers contributing to each mean is given in parentheses.
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measures for the melody condition, there is increased reliability, although these data
still suggest only a moderate level of similarity between different performers’
productions.

The performance pitch vectors were then correlated with pitch vectors tabu-
lated from the context passages; these correlations appear in Figure 7. Similartothe
melody condition, there exists a fair amount of variability, with no performers’
improvisations consistently correlating with the context passages. Again, Probe
Position 7 produced the most reliable results—four of the six performance pitch
vectors correlated significantly with the context pitch vectors. Figure 7 also
presents the correlations between the performance pitch vectors averaged over
subjects and the context pitch vectors. In this case, two of the seven correlations
were significant, with two more marginally so.

Further analyses examined the tonal structuring of these improvisations. As in
the melody condition, tonal structure assessment was accomplished using fourier
analysis of the pitch vectors. Interperformer distance measures were calculated,
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Figure 7. The correlations produced by comparing the individual performers’
(small, filled squares) and the averaged performers’ (large, open squares) pitch
vectors with the context pitch vectors for the seven probe positions of the full
context condition. The .05 probability (dotted line) is shown.
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along with the distance between the performers’ and the context pitch vectors.
Figure 8 shows the mean distances for both these measures for the seven probe
positions. Overall, the patterns shown in Figure 8 are similar to those observed with
the melody condition—the maximum interperformer distance is found for Probe
Position 9, while strong tonal similarity (and hence minimum distance) occurs for
Probe Positions 1, 2, and 7. Two one-way analyses of variance on these distances
(using the within subject factor of Probe Position) revealed significant differences
for the interperformer distances, F(6,84) =7.48, p<.001, and the performer-context
distances, F(6,30) = 4.43, p<.01.
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Figure 8. The mean interperformer distance in tonal space (open squares) and the
mean distance in tonal space between the performers’ and context vectors (open
diamonds) for the seven probe positions of the full context condition.
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Metric analyses. Subsequent tests focused on the metrical properties of the full
context continuations, using the same procedure described in the investigation of
the metrical structure of the melody condition. After calculating metric vectors for
both performances and contexts, initial tests investigated the interperformer relia-
bility of the metric content for the different probe positions. Forming a single data
set across the seven probe positions, the mean interperformer correlation was 0.72,
p<.01, with a range from 0.49 to 0.95. The correlations for the individual probe
positions ranged from 0.67 to 0.91, both p's<.01, indicating a high amount of
interperformer agreement in metric content.

The performers’ metric vectors were then correlated with the context metric
vectors; these correlations appear in Figure 9. As seen with the melodic continu-
ations, these two sets of numbers were highly related, with the individual perform-
ers’ correlations falling below significance in 1 of 42 cases. Figure 9 also shows the
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Figure 9. The correlations produced by comparing the individual performers’
(small, filled squares) and the averaged performers’ (large, open squares) metric
vectors with the context metric vectors for the seven probe positions of the full
context condition. The .05 probability (dotted line) is shown.
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the melodic continuations—the occurrence of two general end points at beats 17-18
and beats 32-33. As stated earlier, these end points correspond to the ends of the first
and second phrases of the original music score shown in Figure 1. Table 1 presents
the mean ending beats for the first and second phrases, calculated using the
conditional rule described earlier.

Discussion

To summarize the mainresults, analyses on the pitch and metric content of both
the melody and full context conditions revealed a variety of regularities. The re-
lation between the pitch and metric content of the improvisations was related to the
pitch and metric content of the context passages leading up to these improvisations,
albeit to varying degrees. While the pitch content showed relatively moderate
influences of the context passages, the metric content was strongly related to the
context. In addition, both pitch and metric contexts showed influences of abstract
music knowledge, in the form of tonal hierarchies (Krumhansl & Kessler, 1982;
Krumhansl & Shepard, 1979) and metric hierarchies (Palmer & Krumhansl, 1990).
A final result concerns the analysis of the continuation lengths. While no context
produced a continuation of a single length (across performers), the lengths were
constrained in that they tended to terminate near the end of the first or second phrase
of music, as it was originally written by Schumann.

Before discussing the results of this study, it is important to emphasize the
exploratory nature of these findings. This paper reports analyses of the improvisa-
tions of only six performers, completing a limited number of melodic and melodic/
harmonic passages. In addition, the method of analysis adopted (investigation of
overall pitch and metric content) is reductionistic, ignoring (potentially) important
aspects having to do with temporal ordering of pitches, pitch intervals and contour,
rhythmic patterns, and so on. Unfortunately, no good procedures exist for
quantifying these dimensions of music structure, making such analyses very
difficult.

Despite these limitations, the results presented here are suggestive. As an-
ticipated, there was support for the general idea that improvised music makes use
of schematic plans that guide the note-by-note actualization of a composition or
improvisation (Pressing, 1984, 1987, 1988; Sloboda, 1985). The performance of
expectancies, and more generally composition and improvisation, appear to be
“referent-guided” activities, although it is unclear if abstract music knowledge
(such as tonal and metric hierarchies) qualifies as an in-time or out-of-time referent
according to Pressing’s (1984) characterization. While intuitively seeming most
clearly aligned with out-of-time referents (they are, after all, abstract, structural
properties), Pressing’s concept of out-of-time referents seems limited to extra-
music concepts such as mood and emotion (what Meyer, 1956, labels as “referen-
tial” meaning in music). In addition to an in-time versus out-of-time distinction,
there is support from the current study for another dimension of referents—ones that
are either abstract, general properties, and others that are specific and local to the
particular piece at hand.
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Although no formal attempt to quantify the relative contributions of these two
effects was undertaken, it is tempting to speculate that the influence of the abstract
structural regularities exceeds the impact of relatively local factors. Such a
conclusion might be based on the strong fit of the tonal and metric hierarchy data,
compared with the moderate effects of the pitch content of the context passages (the
metric content did provide a fairly good fit for the improvisations). Unfortunately,
such a conclusion is unwarranted. First, the two factors (abstract and local) are
correlated to a certain extent, especially for the metric data. Similarly, because the
excerpt employed in this study is drawn from the corpus of Western tonal music, it
is, by definition, tonally structured to some extent. It is difficult, therefore, to
accurately assess the effects of one factor independently of the other.

Second, and more importantly, it is possible that the analyses of the pitch and
metric content of the context passages only capture a small part of the role that local
aspects of the music play. For example, one recurrent aspect of the improvisations
was the occurrence of a specific rhythmic motive. This motive is exemplified in the
melodic context of Probe Position 1, and consists of a dotted quarter note, followed
by an eighth note, followed by two quarter notes. A cursory inspection of the
improvisations suggests that this rhythmic motif occurred frequently throughout the
productions. While such amotive impacts indirectly on the calculation of the metric
hierarchies, it by and large escapes the formal analyses presented here. Unfortu-
nately, it is difficult to imagine an analysis that would be sensitive to this aspect.*
Parenthetically, itis interesting to note the similarities between this type of recurring
rhythmic motive and Pressing’s (1987) macrostructural analysis of his improvisa-
tions. However, given the two reasons just discussed, it is difficult to justify the
presumed ascendency of one type of referent over the other.

One unexpected result from this experiment concerns the finding that produc-
tions tended to terminate near the end of the first or second phrase of the original
music. This result suggests that expectancies can be formed on the level of music
phrases, and coincides with experiments which highlight the importance of phrase
information in music (i.c. Gregory, 1978; Sloboda, 1977). For example, in
Sloboda’s (1977) investigation of the “eye-hand” span in music, when musicians
sight-read a piece of music which disappeared during the performance, they were
able to continue up to a phrase boundary. Thus, a phrase appears to be a reasonable
music “chunk,” or unit of analysis.

In addition, this result provides indirect support for the ideas of Jones and Boltz
(1989; Boltz, 1989a, 1989b). While clearly not a direct test of their theory, it does
suggest that a music fragment generates expectations for when the fragment is to
end. Given that this fragment is coherently organized, the most likely anticipated
end point would occur at a phrase boundary. It is unclear whether Jones and Boltz’s
model predicts that expectancies are constrained to a single phrase or can exist over
multiple phrases. Despite this ambiguity, these results are in keeping with the basic
tenets of their ideas.

While the point of departure for the current research was the investigation of
global expectations, the current study speaks most directly to processes involved in
improvisation and composition. Correspondingly, one may wonder about the
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relationship between expectancy and improvisation and composition. It is possible
that the productions gathered here might better reflect the continuations that
performers found interesting rather than what they “expected.” An argument
against this hypothesis comes from the instructions given to the subjects, which
explicitly requested that the continuations consist of how performers anticipated the
piece to continue rather than producing interesting or novel endings. More
importantly, it is difficult (in theory) to separate expectancy from factors involved
in composition and improvisation. Conscious formation of expectations is, in fact,
an act of mental composition or improvisation, and will therefore contain strong
similarities to these processes.

One important distinction between expectancies and composition and improvi-
sation is that they differ in the producer’s ultimate aim. One goal of composition
is the generation of expectations in listeners, which are then realized in novel or
interesting ways. Thus, composition contains a conscious element of surprise that
does not necessarily exist in expectancy generation. Unfortunately, the current
study could not examine this subtle distinction between expectancy and composi-
tion/improvisation. One could imagine, however, tests of the differences between
these activities. Specifically, pianists could be asked to complete context passages
in two different ways. First, they could provide continuations that fit their
expectations of how they think the passage will go. Second, they could generate
musically interesting or novel continuations (within general stylistic constraints, of
course). Suchaparadigm is likely to provide interesting and insightful information
on the distinction between music expectancy and composition, and (hopefully) shed
further light on the processes important in expectancy formation.
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Footnotes

'While transcribing these performances into standard music notation is generally
straightforward, ambiguities did arise in interpreting the duration of the final event. Quite
often performers failed to be exact about the true “intended” duration of the ultimate event,
sometimes hanging onto the final note/chord for (very) extended periods of time, while at
othertimesradically shortening this event relative to other durations in the production. These
ambiguities were particularly pronounced for the melodic continuations. Therefore, to avoid
artificially distorting the data, the duration of the final event arbitrarily received a value of
1 quarter-tone when it was felt that the true duration was ambiguous. Although this rule
introduces distortion in and of itself, this effect is minimal compared to the distortion
involved in using the performed final event duration “as is.”

*The current coding scheme is a “duration” coding, in that the occurrence of a particular
tone is weighted by its duration. Another possible coding scheme is “frequency” coding, in
which the occurrence of a tone simply increments its counter by 1, regardless of the duration
of the event. In general, frequency and duration coding schemes tend to correlate highly.
Duration coding is preferred because of its greater sensitivity to the sounded pitch structure
of a passage.
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3Because the procedure by which fourier analysis can be used to project pitch vectors
onto the toroidal map of key-space is technically complex, it will not be explained in this
paper. The reader is referred to Krumhansal (1982, 1990) and Krumhansal and Schmuckler
(1986) for a more thorough discussion of this technique, as well as a wide assortment of
applications of the procedure.

“A simple counting of the rhythmic motive, while providing some data as to its
frequency, is unsatisfying for a variety of reasons, not the least of which is the lack of any
realistic base rate measures or comparison groups.
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