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Mental Representations of Musical Relationships

musicians need geometrical and mathematical descriptions of subtle
differences in timbre?

What are the most important pitfalls to be avoided by anyone who
wants (6 conduct controlled and musically valid perceptual studies
of timbre?

9

Cognition and Time
in Music

Time and Memory

In earlier chapters, there often was some connection to be made between
psychophysics and cognition. The connection might have been tenuous,
but still we can say that our learned responses to complex relationships
of musical pitch and timbre often stem from our immediate and untu-
tored responses to spectral-temporal ingredients and frequency relation-
ships of tones.

The connection does not seem so apparent between the discussions in
Chapter 6 and the discussions in this chapter. In Chapter 6, time was
always an assigned value applied to some other property, such as the
arrival of a sound wave or the comings and goings of spectral ingredients
of 1 tone., These events were usually measured in milliseconds. Yet, we
know that we encounter another sort of time as we perceive music. One
of the more interesting and mysterious aspects of time in general is that
clock time and mental time can be quite independent of one another.
Every child (or at least every parent who has traveled with a child) knows
that it seems to take much longer to get to a pleasurable event than it does
Lo return home. Dreams also afford a common nonmusical experience of
this independence. Most of us have at some time or other had a dream
that we are certain took hours to unfold; yvet, when we awoke, we found
that only a few minutes had “actually”’ elapsed.! Musicians often relate
similar experiences as they perform or listen to music (e.g., Kramer,
1987, 1988); some speak of being “'transported” during this activity and
seem to be alluding to a temporal experience rather than speaking in a
romantic, melodramatic vein.

In this chapter, we will review srudies of our consciousness of time
itself in 2 musical context and discuss the interplay of time and musical
{as opposed to psychophysical) information. This musical information is
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picked up across expanses of time measured in seconds, minutes, and
even longer units, rather than in milliseconds; this means that memory
becomes an important component of perception.

Psychologists have written for centuries about the intimacy of the con-
nection between time and memory.? Yet, the questions of how our sense
of time is altered by what we perceive, how our perceptions are altered
by time, and even how we remember are still far from resclved. The
discussion in this chapter will proceed from an introduction to general
theories of time and of memory to a review of current theories and ex-
perimental studies of how perception, time, and music may influence
one another.

The Perceptual “‘Now”’

Some acoustical events, such as the droning of an electric fan or the roar
of the surf on a beach, last so long and change so little that we seem to
make the unconscious decision that they carry no important information,
and therefore ignore them. Most often, acoustical events are much
briefer, and this is true of most of the events on the perceptual surface
of music as well. As we listen to a piece of music, the acoustical pattern
that we heard just a few seconds ago is gone forever, and what we hear
this instant is probably about to be modified slightly or changed radically
in the next fraction of a second.

Suppose that visual information were as discontinuous across time as
auditory information is—that it changed as rapidly and as completely,
What visual patterns would we be able to recognize? Try to identify the
visual pattern in Figure 9-1, in which a narrow “window™ passes from
left to right in each succeeding frame. The entire figure is shown in
Note 3.

If it was difficult to grasp a sensible visual pattern in Figure 9-1, and it
probably was, the reader understandably might be impressed that we can
make s0 much sense of our aural experience of music; after all, it is forced
to pass through a very narrow temporal window that we call “now.” A
number of psychologists have made estimates of the size of this percep-
tual now (commonly called the perceptual present), and these estimates
range from a timeless instant up to several seconds in duration. Fraisse
(1978, 1982) suggests that the perceptual present for auditory informa-
tion is flexible, averaging around 2 seconds in duration and seldom ex-
tending to more than 5 seconds.

Yet, the analogy of perceiving visual objects through a moving slit is
not really satisfactory, for two reasons. First, the only apparent activity
within the analogy is the motion of the slit, which serves as a metaphor
for the passage of time. The perceiver is assumed to be a passive observer,
This does not seem to match our musical listening experience, which is
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FIGURE 9—1. Fllusiration bidden by a grey occluding panel, seen
through a slit moving from left to right.
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much more active and complex. At one level, experience tells us that we
track the successive events of music as we encounter them while listen-
ing to the performance; but at another level, we compare ongoing musi-
cal events with our memories of what we have already heard in this
piece, making connections with earlier listening experience and making
tacit predictions about what we will hear. At vet another level, we draw
on our experience with other compositions that share formal and stylistic
features with the music in process, and that experience shapes our atten-
ticn. A second shortcoming of this visual analogy is that the slit is as-
sumed to have a rigid, unchanging width. More likely, the size of the
perceptual now depends on the particulars of the test used to measure
it—particulars such as the structure of the stimulus material, the context
in which the stimulus is presented, and the nature of the response task.

A final comment on the visual analogy of the masking panel with the
moving slit: it might be that our musical knowledge guides our attention
to the important particulars of what we can hear directly through the
time window, so that we are not overwhelmed with minutiae. It might
also be that our musical experience allows us figuratively to peek around
the corners of the slit or simply to enlarge it, cataloguing what we have
heard more effectively and efficiently and steering our anticipations of
what may be encountered in the immediate and more distant future
within the composition. This loose, metaphorical description of atten-
ticn and memory will be replaced with a review of more-substantial theo-
ries and cxperimental work in the next section.

Musical Attention and Memory

since the early 1960s, most of the theoretical and experimental work on
perception has to some extent taken the view that attention and memory
operate much as computers do: both humans and computers receive,
organize, and store information; both recall and restructure that informa-
tion; and both have limited capacities to do this input, storage, and re-
trieval work. This has come to be known as the information-processing
model of perception and memory.

Information

Before any further discussion of the activity of processing, it would be
useful to discuss the concept of information itself. In the late 1940s and
carly 1950s, mathematicians made rapid advances in the fledgling science
of information theory, and George Miller (1956) drew attention to impor-
tant connections between information theory and the menral operations
that psychologists seek to describe. Miller pointed out that when you
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want to talk about variance—that is, variations that you detect in the
states of things in your environment—you have to ¢xpress amounts of
variance along a specific dimension: differences in warmth might be mea-
sured in British thermal units, calories, or degrees on different scales
along one dimension, while differences in weight might be measured in
ounces, grams, or other units on different scales along a different dimen-
sion. Variance, according to Miller, could instead be treated as informa-
tion not confined to any single dimension, stating that “‘anything that
increases the variance also increases the amount of information’ (p. 81).

Information can be measured in bits, short for binary digits, or yes-
no decisions, and these units of measurement are arranged along a neutral
scale, independent of any single sensory dimension. To illustrate the con-
cept of the bit, any yes-no choice between two equally likely possibilities
amounts to one bit of information. If you were to play a number-guessing
game with a person who was allowed to respond only “yes’” or “no,”
or “higher” or “lower,”” to vour question, you would gain one bit of
information about that number with each response. For example, sup-
pose that the challenge was to “‘pick a number [integers only, to speed
up the game a bit]; the number is either 1 or 2.7 You would be only one
question away from knowing which number had been picked, and thus
would stand 1o gain one bit of information about the number. Pressing
the example further, suppose you were playing this game with someone
of diminished capacity who would always choose the same challenge. In
this event, there would be a high level of redundancy and a low level of
information. If the challenge, on the other hand, was to “pick a number
between 1 and 15, the redundancy would be less, and the uncerrainty,
or entropy, would be greater; there would be more information to be
transmitted. In this case, you would do best to reduce the number 15 o
two equally likely alternatives (for example, above 7 or not above 7) and
then split the resulting numeric range into two equally likely alternatives
and so on, unti! vou had identified the number.

Miller stated that hurman obscrvers are limited in the amount of infor-
mation they can take in without making errors and noted that these lim-
its, or channel capacities, were quite similar, regardiess of sensory
mode. For example, observers begin to make errors in absolute percep-
tual judgments of more than about eight variations of hue, about five
sizes of squares, and about seven locations of vibrations on their chests,
Absolute judgments of auditory information become muddled at about
the same point: listeners, according to Miller, could reliably discern about
five levels of loudness and about six different pitches.” Miller distin-
guished between hits, which defined the channel capacity for absolute
judgment, and chunks, which defined the channel capacity of immedi-
ate memory: a chunk is a mentally organized group of an indefinite num-
ber of bits of information. A simple illustration of perceptual chunking
(common usage has transformed this noun into a part-time verb) is given
in Figure 9-2.
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a b

FIG[IJRF_ 9—?. Dots arranged (a) in a quasi-random configuration, and
(b) in equivalent groupings.

After covering up Figure 9-2b, ask someone to glance quickly at Figure
9-2a and then look away and try to estimate the number ()f dots that
th‘ey saw. Now, do the same with Figure 9-2b. Although both fields con-
talr_l the same number of dots, the observer most likely had less trouble
estimating the number of dots in Figure 9-2b, becaL;se they probably
grasped immediately that the dots were organized into four groups df
Fhree (recall the discussion of Gestalt principles in Chapter 7). By gr(;upv
ing information into chunks, then, the observer is thought to be able to
sxdeste.p channel capacity limitations, to perceive and remember much
more information than would be possible withour grouping. It is com-
mqnly assumed that chunking can take place at several levels: several bits
of information can be grouped into a perceptual chunk, which can then

be grouped with several other chunks to form vet a larger chunk, and so
on. 7 |

Attention

The theory of chunking begins to ¢xplain how we can pick up many
small pieces of information that are simultaneously available to one ser;—
sory organ and group those pieces of information so that our memory
for that sensory information does not become overloaded. The theory
does not describe how we select components of the sensory information
that are of primary importance, tacitly assigning a role of secondary im-
portance to other portions. For example—do not look back at Figuré 9-2
f;ety‘;:f)igzcéh(z :grm;ps of. three dot_s in Figure 9-2b arranged such that
gt e mﬂr{lang ¢s with the points up, down, to the left, or 1o the

¢ AT was to recall numbers of dots, and not to recall their
geometrical configurations so clearly that those patterns are easy to re-
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call. How do we make the unconscious decision to focus our attention
on some of the information that our sensory organs pass along and to
shove other information into the background?

A leading theory of attention within the information-processing line
of thought held that perceptual filters admitted some incoming stimulus
information and blocked the remainder (e.g., Broadbent, 1958, 1962).
The blockage, so the theory went, was caused by a limitation of channel
capacity; that is, it was suspected that there was a single channel of access
(Welford, 1959, 1960) from the environment to the perceiver's memory
and that this channel could transmit only so much information at any
given time. The cocktail-party effect (see Chapter 7) seemed 10 suppoft
this single-channel theory, because when competing verbal messages
were presented to the two ears and the listener was instructed to track
one of those messages, listeners seemed to pick up little of the competing
message .

Other studies, however, provided evidence that at least some of the
competing sensory input often did get picked up by the perceiver, and
this gave rise to parallel-access theories (e.g., Deutsch and Deutsch,
1963), in which two or more stimuli can have parallel access to the per-
ceiver’s memory and in which the perceiver selects material for mental
processing from information in memory rather than from sensory input.

A number of experiments have demonstrated that competing stimuli
can be attended to, but that the competition may slow down the per-
ceiver’s reactions to those stimuli. Keele and Neill {1978) give a good
SUMmMary:

The early theories of Welford and Broadbent placed selective atten-
tion at an early point in processing, between the sensory and mem-
ory systems. . .. The fate of irrelevant information, observations
of redundancy gain, reaction-time probes inserted during encoding,
and the effects of retrieval time on interference all suggested wide-
spread, parallel access to the memory system. In many situations,
however, parallel access to memory entails costs. When stimuli are
complex and in the same modality, they may mask or merge with
one another; or if only one message is relevant and other codes or
messages lead to conflict, then it would be 1o the organism’s advan-
tage to filter prior to memory. . .. Thus, rather than viewing atten-
tion as always being invested at a particular place in processing, it
is better viewed as a control process that can influence the flow of
information. When messages interfere with one another, the con-
trol process can attenuaie one source of information prior 1o mem-
ory, although attenuation is quite likely incomplete. . . . When the
messages do not interfere, they can be processed in parallel through
at least the memory stage with no cost. This last point is the primary
emphasis of this review. Not only may different memory locations
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within a coding system be activated in parallel, but alsc different
ccdes may develop in paraliel. A given word may activate physical,
orthographic, phonemic, and semantic codes [p. 41].

Can memory itself serve as the attention-as-control process that influ-
ences the flow of information to our minds? Ulric Neisser’s view of atten-
tion (discussed briefly here and at some length in Chapter 10) holds that
the perceiver forms mental representations or schemata of objects in
the environment and that these schemata are modified in later perceptual
encounters with similar objects.” Just as important, these schemata guide
our later attention by allowing us 1o anticipate features of the stimulus,
This theory holds that memory, attention, and perception are inextrica-
bly bound together in an ongoing cvcle (illustrated in the next chapter
in Figure 10-2) in which schemata guide perceptions, which in turn sam-
ple the environment and then shape the schemata that guide later percep-
tions, and so on.®

Jones (e.g., 1976, 1986) argues, however, that none of these theories
of attention describes in sufficient detail how attention is organized
across time. Jones’s rhythmic model of attention departs from the cod-
ing/decoding brain-as-computer metaphor, asserting instead that atten-
tion is a function of a rhythmical perceiver and of rhythmicities in the
environment. This model seems congruent with some recent findings in
speech perception research and indeed may describe an aspect of attend-
ing that people bring to bear both on speech and on music.? Jones and
her colleagues (Jones, Boltz, and Kidd, 1982) found that they could sys-
tematically direct listeners’ attention to extended or broken patterns of
pitches in simple melodies by altering the rhythmic patterns in which the
pitches were heard. An example of these pirch and rhythmic patterns is
given in Figure 9-3.

Pitch strings similar to that shown in Figure 9-3a were plaved twice in
each trial of a listening experiment. The common feature among these
pitch strings was that pitches were organized in casily discerned group-
ings; for example, the sample sequence CDEGABFED in Figure 9-3a is
quite clearly broken up into three-note segments that are stepwise inter-
nally and bounded from one another by skips. These pitches were laid
over rhythmic patterns that were monotonic (Figure 9-3b), that were
designed to emphasize the sixth tone in the pitch pattern (Figure 9-3¢),
that were designed to emphasize the fourth tone in the pitch pattern (Fig-
ure 9-3d), or that were irregular (Figure 9-3¢).'" In one-half of the second
plavings of each of these patterns, one of the tones was changed to
another pitch within the C-major set: the change came on either the
fourth tone, which marked the beginning of a three-tone pitch group, or
the sixth tone, which was within a three-tone pitch group. Listeners were

able to identify alterations of tones that began the three-tone groups with

significantly higher accuracy when rhythmic context directed listeners’
attention to those tones.
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FIGURE D=3. (a) A pitch sequence and (b—e¢) sample rhythmic sequences.
After Jones, Boltz, and Kidd (1982). Used with permission.

Carlsen (1981) found that when listeners ar¢ asked to extrapolate me-
lodically from only two tones (representing ali ascending and descending
intervals of an octave or less), they will tend to agree on how some of
these melodic incipits are best extended. He found further that these pat-
terns of concurrence change from one country—and therefore presum-
ably one musical culture—to another. This result seems to support a
number of related perceptual theories that address the role that expecta-
tions—based on important melodic “‘prototypes” (e.g., Jones, 1976,
1981, 1982) and “archetypes’’ (Meyer, 1956, 1967, 1973; Narmour, 1990;
Rosner and Meyer, 1982, 1986; cf. the related discussion in Chapter 7)—
play in perception. Unyk and Carlsen (1987) extended this work by
building melodic-expectancy profiles for individual listeners, bascd_ on
their sung extrapolations of melodic dyads. For example, listener A mlght
tend to hear an ascending major third and then sing a tone a minor third
ahove that; listener B might tend instead to extend a major third by sipg-
ing a perfect fourth above the second tone of the dyad. After mixing
orders of presentation and repeating this process, Unyk and Carlsen.wercl
able to find patterns, of various strengths, of both direction and size of
steps or skips that individuals sang in response to the melodic dyad cues.
Unyk and Carlsen then composed melodic-dictation problems that eltl"le.l‘
fulfilled or denied the patterns of melodic expectation for these partici-
pants and evaluated the accuracy of the participants’ dictation Qf tt_u:se
melodies. They found that listeners did indeed make more €rrofs in dicta-
tion when the melodies violated their expectations. This was true even
when melodies were quite simple and listeners were fairly advanced in
their musical training.

Similarly, Bharucha and Stoekig (1986) have reported that listeners can
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develop harmonic expectations after having heard only one chord."
Dowling, Lung, and Herrbold (1987) asked listeners 1o track familiar me-
lodies interleaved (see Chapter 7) with competing distractor tones and
found that, based on their familiarity with common structural features of
melodies within their culture, listeners develop “expectancy windows’”:
that is, pitch-time regions of expectancy within which tones are detected
more accurately than are tones outside the regions. These results support
Jones’s (e.g., 1976, discussed earlier) contention that we not only expect
events based on our prior knowledge and immediate perceptual activity
but also have some sense of the place(s) and time(s) to expect these
events. Schmuckler (1989) has found that both listeners and performers
demonstrate fairly consistent melodic and harmonic expectancies: the
listeners through ratings of continuations of melodic and harmonic pat-
terns, and the performers through rehearsed, quasi-improvisational con-
tinuations of those patterns.

Memory

The processes of mentally storing and retrieving auditory information
have received a great amount of discussion in the psychological litera-
ture.'? Various information-processing theories tend to assume that we
remember things in two ways, somewhat as computers do. Immediate
memory, which is variously called short-term memory (§TM) or epi-
sodic memory, is likened to the random-access memory (RAM) or volatile
memory in a computer: it tends to be described as very fast-moving and
as limited in capacity."” Long-term memory (LTM), or ‘“‘semantic”
memory, is thought of as more nearly analogous to a computer’s
magnetic-disk or magnetic-tape mass-storage device. It may take longer
to retrieve information from long-term memory, but long-term memaory
contains much greater storage capacity. Broadbent (1971} wrote of short-
term memory as a metaphorical desktop, describing what more than a
decade later would become an enormously popular graphic user inter-
face in computers. The processor (the human’s mind or the computer’s
central processing unit) works actively on the job immediately at hand
at the desktop level of activated memory (the human’s STM or the ma-
chine’s RAM), using information that can come either from beyond the
desk (the human'’s sensory channels or the machine’s input-output de-
vices, such as a keyboard, a “‘mouse,” a joystick) or from “file drawers”
inside the desk (the human’s LTM or the machine’s information-storage
devices, such as magnetic tape or hard disks}.

What is the dividing line between short-term and long-term memory?
Attempts (o arrive at a specific time limit have produced inconsistent
results, and it seems instead that it would be more useful to think of an
operational distinction. Short-term memory would be the “buffer” or
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bank that contains al! of the information being “‘processed™ at any given
time. Long-term memory, then, would be the bank that contains the
stored information not being consulted or processed by current mental
activity.

There have been numerous objections to the "information process-
ing” theory of memory. One objection often heard some years ago was
that computers do their thinking—which includes storing impressions
away in memory and retrieving them (or others) again—in a strict serial
order: earlier computers (and many in current use) did their work by
stepping through programs in strict sequence. Many psychologists ar-
gued that humans can, and do, think simultaneously on more than one
level—sometimes along parallel or convergent mental paths, at other
times along simultaneously diverging lines. The recent development of
computers with muitiple parallel processors offers a response 10 these
sorts of objections to the strict machine model of mental processing.

Another objection, not so easily answered, is that mass storage units
(if they do their job properly) preserve information in an inert form. On
the other hand, human memories can decay or, more likely, will become
altered (interfered with) by subsequent mental activity. Moreover, a com-
puter’s information-storage unit stores away everything fed to it with the
same zeal; the disk or tape recording head makes no distinctions about
which information is important and which is trivial. Human memorics
are more sensitive to effects of perceptual salience. For example, begin-
nings of melodies are usually recalled from long-term memory more €as-
ily than middies or endings are. Similarly, it should be easier to recall
tonal series with an obvious pattern than without one, as Listening Exam-
ple 9.1 shows.

Listening Example 9.1: (2) A twelve-member tonal series with an
obvious pattern of pitch relations across time, followed by (b) a
twelve-member series without an easily discerned pattern. The
same pitches, in the same quantities, are present in each example.
Which can you recall more completely after a single hearing? The
two series are presented twice, and are notated in Note 14, Chap-
ter 9.

The Perception of Time in Music
and of Music in Time

Usually, it seems that we are only aware of the passing of time when we
have nothing better to do with it: when we are trapped in a doctor’s
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waditing room, have to endure an extended layover in an airport, or must
listen to a long piece of music that we do not understand. These are
unpleasant situations; fortunately, most of us do not encounter them too
often. This raises a question about psychological thecries of time percep-
tion: Is it worthwhile to study the perception of time in and of itseif,
or would it be more useful to study the perception of time only as it
accompanies the perception of other objects and events?

The historical answer to this question is that experiments on time per-
ception have measured the perception of both filled and unfilled time.
These experiments have tested a number of theories of time perception;
two types of theories, described categorically as storage-size and atten-
tional capacity theories, have received most of the experimental atten-
tion in recent vears. The storage-size theory (¢f. Ornstein, 1969} states
that perception is linked to memory and that memory-storage necds in-
fluence our estimates of perceptual time: a percept containing a large
amount of information will require more storage capacity in short-term
memory, which then will generate an impression of greater elapsed time,
Alternatively, several attentional capacity theories (e.g., Block, 1978;
Block and Reed, 1978; Craik and Lockhart, 1972; Hicks, Miller, and Kins-
bourne, 19706, Underwood and Swain, 1973) have been proposed. These
are based on the beliefs that attention is a limited commodity and that
we are always to some extent aware of passing time—that we possess a
cognitive “‘clock’ that moves into and out of our focus of attention.™
The theory, then, is that perceptual activities compete for attentional cen-
ter stage, and the more we attend to other mental impressions of the
stimulus, such as the amount of information or the complexity of infor-
mation, the less attention we have left to spend on time itself, with a
resulting impression of less clapsed time.’®

Listening Example 9.2: Two excerpts from “Very Small Vari-
ations for Sybil on her Third Birthday” (1989) by Thomas Wells;
used with permission of the composer.

Listening Example 9.2 demonstrates that listeners may get different
impressions of elapsed time, depending on such variables as tempo,
rhythmic activity, and the number of formal groups that the listener
identifies. Each excerpt in the example is 15 seconds long. Try asking
several listeners to estimate the lengths of the two extracts, compare
responscs, and then read Problem 10 at the end of the chapter.

These theories seem too general to be of much musical use, unless they
are re-shaped to address specific attributes of perceived music, where
information can exist in varying levels of complexity for a number of
different attributes that may be either interrelated or independent of one
another. If one 12-second-long segment of music has a simple melody
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and simple harmonic accompaniment that is arpeggiated in a complex
rhythmic pattern, will the information content be equivalent to a 12-
second-long segment of music with a disjunct melody and harmonically
complex accompaniment that is carried by simple, regular blocked
chords? No one knows. Moreover, there is some experimental evidence
(Arlin, 198Ga, 1986b) that both theories ¢an be supported by the results
of a single experiment that involves relatively simple perceptual tasks
(discussed in Chapter 10). In summary, time-estimation behavior may be
more complex than either type of theory alone can describe.

Temporal Aspects of Musical Perception
and Performance

Tempo

Tempo has an obvious retationship to the passage of clock time, and a
number of studies have been made of listeners’ and performers’ abilities
to recognize or reproduce given tempi. Clynes and Walker (1982, 19806)
have measured the durations of performances of the same piece of music
by the same conductor or performer in separate performances weeks,
months, and even vears apart, and have found that some conductors and
performers can be amazingly consistent in the tempi at which they per-
form the same piece of music on different occasions. For example,
Clynes and Walker (1980) compared different recordings of the same
compositions, made at public performances by the Sydney (Australia)
String Quartet during the vears 1975-1979 and found a great deal of sta-
hility in the durations of those performances—often a fraction of a single
percentage point of difference.

Converging results were obtained by Halpern {1988a, 1988b), who
asked one group of test participants to alter the tempi of computer-
generated familiar tunes (e.g., “Happy Birthday,”’ “Do Re Mi,” “When
the Saints Go Marching In’"} until they were satisfied that the tunes were
proceeding at the most appropriate rate. Another group of test partici-
pants was required to imagine those tunes—again, at the preferred tempo
and to set a2 metronome to click at the imagined tempo. Halpern found
that test participants (selected only on the basis of their familiarity with
the well-known tunes used in the study) were quite consistent in their
selection of “best” tempi. In a second experiment, she asked participants
to imagine each tune at the tempo that seemed most natural to them and
then (in one phase of the test) to set the slowest and fastest tempi at
which they could imagine the tune and (in another phase) to rank the
difficulty of imagining that song at a tempo they progressively dialed
faster (to a maximum of 208 beats per minute) or slower (10 a minimum
of 40 beats per minute). She found in this experiment that the slowest
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and fastest tempi were directly related to the preferred tempo, suggesting
that there are not absolute minima and maxima for musical tempo. Halp-
ern (1988b) concluded:

These two studies suggest that familiar tunes are represented in
memory with a particular tempo, but that the tempo can be men-
tally transformed up to a certain point. . . . Visual imagery theorists
like Kosslyn (1981} propose that the imagery experience is 2 “‘sur-
face representation” generated from an underlying “‘deep struc-
ture” in long-term memory. To simplify, the deep structure is an
abstract (symbolic) description of the imaged object or scene. In
the case of musical imagery, conceiving of the tempo as a symbolic
encoding at a deep level has logical appeal. Some form of internal
timekeeping mechanism must operate to allow us to judge remem-
bered or ongoing durations or produce events at designated time
intervals. Perhaps the deep level of auditory imagery contains a set-
ting for the internal timekeeper attached to a node for a tune title.
This setting would be considered a default value that could be
changed if necessary {p. 201].

Expressive Timing

A computer can turn out a perfectly precise performance of a musical
composition, a flawless performance in which no tones are plaved in
crror and in which every tone is heard precisely when the score indicates
that it should be. Many people would agree that such a performance
ought to be heard only by other computers; it would be roundly criti-
cized by most musicians as lifeless, mechanical, rigid, inhuman, Devia-
tions from a strict, metronomic tempo seem to be expected by the lis-
tenier as part of the vocabulary of musical expression. Most musicians can
probably think of performers or of single performances that span a broad
compass of emotionality—f{rom robotic to meicdramatic. Although there
was some experimental investigation of such timing deviations many
years ago (e.g., Henderson, 1936), technological advances have stimu-
lated much more work in recent years.

Three obvious questions we can ask about timing deviations are
(a) whether there is enough consistency in these deviations that they can
be distinguished from performance errors, (b) whether these timing devi-
ations are best performed under direct conscicus control or sound most
natural if done unconsciously, and (¢) whether expressive timing is re-
lated most directly to the individual performer, to the individual passage,
to the individual composition, to the entire output of a composer (e.g.,
a “‘proper Mozartian’’ style of timing deviations), or to the entire body

Cognition and Time in Music 157

of performance literature from a stylistic period {e.g., a “proper Classi-
cal”’ style of timing deviations).

A number of performance studies (e.g., Sloboda, 1983; Clarke, 1985;
Shaffer, Clark, and Todd, 1985; Todd, 1985} seem to show that per-
formers will make consistent, nonrandom deviations from metroncmic
regularity in their performances and that these deviations relate directly
to such local-level musical features as metrical stress and phrase endings.
Palmer (1989) investigated three types of deviations from metronomic
tempo: asynchronous attacks of tones notated as synchronous; rubato;
and articulation (specifically, measuring the size of gap in staccato pas-
sages and the amount of overlap in legato passages). Palmer found that
performances were consistent when judged in relation to any given per-
former and were systematically related to the respective musical interpre-
tations of different performers. Performers played synchronous groups
of notes such as block chords such that melodic tones preceded the oth-
ers by a subtle (about 20 milliseconds) lead time. Rubato was most evi-
dent at phrase boundaries: “Most performers lengthened phrase endings,
similar to phrase-final lengthening in speech utterances. . . . Some per-
formers, however, showed the opposite pattern, which indicates that the
amount of change (rather than the direction of change) may signal 2 new
musical phrase or idea’ (pp. 344 -45). Legato overlap was found to be
proportional to the durations of preceding and following tones. Palmer
suggested that the motor programs for these timing deviations are under
only a limited amount of conscious control: “The pianists in this study
had indirect control over the timing methods through conscious manipu-
lation of their interpretations or musical intentions, such as choice of
melody or choice of phrasing. These conscious intentions were then
translated into performance timing through the primarily unconscious
application of chord asynchrony, rubato, and overlap methods”
(p. 345).7

Listening Example 9.3: Comparative renditions of the same per-
formance, using a Bdsendorfer computer-controlled piano. (a) Ex-
cerpt from Beethoven, Sonata No. 30 in E Major, op. 109, mvt. III;
(b) the same performance, but with all notated simultaneities ad-
justed so that their onsets are actually synchronous; (¢) the same
performance, but with all key velocities equalized. After Palmer
(1988).

Listening Example 9.3 allows the listener to compare the effects of
varying key velocity and varying onset times in expressive performance.
A pianist, who had raken sixteen vears of private instruction and who
was currently taking lessons, played the theme of the third movement of
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the Beethoven Sonata No. 30 in E, op. 109, on a Bésendorfer 290SE com-
puter-actuated grand piano. This performance is presented in Listening Ex-
ample 9.3a. The computer code produced by the piano showed that the
performer played melodic tones onaverage 54 milliseconds before playing
the accompanimental tones notated as simultaneities.'® Palmer (1988) re-
ported that the performer also tended to play the melody substantially
louder than the accompaniment. The piano records key velocities on a
scale of 0 1o 1,023 units, although typical performances remain within a
range of around 400 of these units. The upper-voice (melodic) tones in this
particular performance (Listening Example 9.3a) were onaverage 101 units
louder than the accompaniment. Listening Examples 9.3b and 9.3¢ allow
the listener to hear the effect of removing the differences in onset times and
in key velocity from the original performance.

Thus far, experimental evidence has tended to indicate that expressive
timing has most to do with local features of the music, such as metrical
stress and phrase boundaries. Is expressive timing guided as well by
more-general musical characteristics such as a composer’s style or a
broader set of stylistic norms that relate to a historical period? Although
our musical intuitions may argue strongly that there must be different
styles in expressive performance timings, especiaily with regard to stylis-
tic periods, there is as yet little solid experimental evidence to bear these
intuitions out. There has been some work done on composer-specific
patterns of subtle timing deviations, but these do not offer us a clear
picture. Clynes (1983, 1987) proposed that there exists a “composer’s
pulse”—a subtle, cyclical composer-specific pattern of timing and inten-
sity variations that exists in every work by that composer, no matter the
differences in tempo, meter, mode, or form. Clynes’s primary evidence
for the existence of this “composer’s pulse” has been a series of
computer-controlled renditions of compositions by composers whose
musical pulse Clynes seeks to demonstrate. Repp (1990) analyzed oscillo-
graphs of nineteen performances of the minuet movement of the Beetho-
ven Sonata op. 31, No. 3, and his oscillograms did not support Clynes’s
composer’s-pulse hypothesis. Rather, Repp found that deviations from
metronomic regularity strongly adhered 1o a common performance stan-
dard and could be explained by structural features of the piece at several
levels—most noticeably, lengthening at phrase boundaries and at mo-
ments of melodic or harmonic tension, and elongation of short tones
when they were metrically unstressed and shortening of tones of the
same notated duration when they were to receive metrical stress. Repp
{1989) and Thompson (1989) both tested the pereeptibility of Clynes'’s
pulse hypothesis, and each obrained inconsistent results: although lis-
teners often matched composers with the pulses that Clynes’s hypothesis
deemed most appropriate (that is, listeners often identified as **Mozarti-
an” musical examples played with the puise pattern that Clynes asserts
is Mozart’s), there were some troubling mismatches. Thompson pointed
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out that there are some important sources of potential confounding in
these studies. For example, Thompson argued that although there might
be systematic differences between the rhythmic “microstructure™ in
Beethoven's and Mozart’s compositions, there are also characteristic
modes of articulation, rubato, dynamic range, and pedaling (in keyboard
compositions) for each of the two composers, and it has not yet been
demonstrated that any of these facets of performance is any less impor-
tant in conveying the composer’s individual stylistic “‘signature’ than the
microstructural “‘pulse’ is. In sum, it is still an open question whether
there are styles of expressive timing specific to individual composers.

Two different discussions in this chapter have come as close to dealing
with musical emotion as the scope of this book will permit., The earlier
discussion of expectation and the coverage of expressive timing just
completed give a hint of a4 connection between the cognitive and affect-
ive domains of musical thought.'” Although limitations of space prevent
an adequate treatment of the topic of emotion in music, the reader is
encouraged to consult 2 number of important source works on this topic.
Leonard B. Mever's work (e.g., 1956, 1967, 1973) is the standard (and
wisest) starting point for gaining a theoretical account, and Rosner and
Meyer (1982, 1986), Schmuckler (1989), and Sloboda (1989, 1990) have
reported relevant experimental work.

Rhythm and Mecter

Psychological studies of “‘rhythm’” are often of limited musical use be-
cause they measure little more than binary-judgment responses (€.g.,
same/different, strong/wezk) to single-variable (for example, long/short,
loud/soft) patterns formed by a few sinusoidal tones.*” This is not likely
to interest musicians who observe much more complex perception and
production activity in the aural training classroom and in the perform-
ance studio. Nevertheless, a number of studies have produced results that
are useful for framing some rough descriptions of rhythmic and metric
perception. A study by Povel (1981) demonstrated that given sufficier‘u
context, peaple both with and without extensive formal training in music
can accurately tap low-ratio series such as 2:1 (quarter-eighth-eighth) and
3:1 {dotted quarter-eighth-eighth-eighth). Sternberg, Knoll, and Zukofsky
(1982) found that their listeners (who were extensively trained and expe-
rienced but only three in number) could accurately describe and/or re-
produce rhythms that adhered to commonly occurring rhythmic patterns
even when beats were divided into fifths, sixths, sevenths, and eighths.
On the other hand, the observers had much greater trouble describing
and reproducing short-long patterns that occur infrequently in
“‘common-practice era’’ Western music.

In another study (Handel and Lawson, 1983), observers were asked to
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tap along with simple polyrhythmic patterns such as two-against-three
and three-against-four. Observers tended to tap along with the periodic-
ity points—the points of coincidence—formed by the two rhythms. As
the tempo of the pattern was increased, observers would drop the tap
rate to the next-slower level so that each tap marked a longer periodicity.
When faced with more-complex patterns such as two-against-five-
against-seven, observers would either tap along with both of the slower
streams, evidently grouping them as a single stream, or they would group
the faster two streams, ignore that “busy’” group, and tap along with the
slowest stream. This result indicates that observers are facile at shifting
from one rhythmic level to another, possibly seeking the simplest pattern
into which the others will nest. This might be a sensible way of viewing
the aural identification of meter, which is much easier to specify on the
score than aurally: it may be easy to decide that one hears a duple pattern
or that the beat is simple or compound, but unless one is told the unit
of beat, the aural identification of meter has to be an educated guess, 4s
is shown in Listening Example 9.4,

Listening Example 9.4: Brief adaptation of Beethoven, Sym-
phony No. 5 in C Minor, mvt. 11I; the example may be 3/2, 3/4,
3/8, 6/4, 6/8, or 12/8 meter. If you can decide which meter the ex-
ample is “‘really” in, what would prevent someone else from argu-
ing just as successfully for another choice? What effect(s) would a
change of tempo have on your choice?

Proportionality

Studies of proportionality take a longer-range view of how we might
be aware of time passing in music. Some of these studies carry a lingering
odor of Pythagorean number worship, in that they tend to assume that
certain “well-formed” or “intrinsically interesting”’ sets of numbers have
guided composers as they structure their musical compositions across
time. Some of these favored numeric relationships are found in small
integers, in the Fibonacci series, and in the Golden Mean (the relationship
of three quantities X, ¥, and Z in which X + ¥ = 7 and in which
XY = v:Z).*' We can question the perceptual significance of whatever
proportional relations may exist in music. For one thing, analytic studies
of proportional relations in music tend to take the goal of finding musi-
cally significant events at points that coincide with the structure of some
numeric series. Quite often, the authors of such studies are willing to
overlook the fact that the sought-out significant event occurs not at the
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temporal point specified by the numeric series, but only in its vicinity.
Perhaps more important, the question arises that even if proportions are
demonstrably present in the performance score, can they be heard? It
would seem doubtful that they can, if one puts any faith in either the
storage-size or the attention-capacity theories of time perception de-
scribed earlier. Regardless of their differences, both theories seem to con-
cur that psychological time and clock time are independent to some de-
gree, because (although the theorics may disagree on the manner in
which it happens) the amount of information—or the degree to which
that information absorbs the attention of the perceiver—can stretch or
shrink the perceived time in which the information was conveyed. This
should mean that an analysis of propoertions based on simple counts of
measures or of elapsed time on a stopwatch ignores the changes in den-
sity of information that occur within a piece of music—changes that can
make a phrase or a section seem to last a shorter or longer time. Propo-
nents of theories of proportionality would counter—as do proponents of
levels theories (see below) and pitch-set theories when the argument of
perception comes up—that perceptibility is not everything. It is enough,
they say, to know that such long-range relationships exist in the music,
because these relationships can influence the choices a composer may
make, and these relationships may be indirectly important to the way we
perceive the music.

Perception of Hierarchical Levels of Musical
Structure: Levels Theories

Undoubtedly, the writings of Heinrich Schenker and his followers consti-
tute the best-known body of theories of hierarchical levels of
contrapuntal-harmonic relationships in music. A thumbnail sketch of the
most fundamental characteristics of the theory is that it takes a “‘natural
law”" stance by beginning with the major triad—as revealed in the har-
monic series——as its basis.?? The major triad is the basis of the Ursalz, a
contrapuntal “‘background” structure consisting of a scalar upper line
(E/rliniey and a tonic-dominant bass line (Grundbrechung) that spans and
lends coherence to a tonal composition. This background level, typically
with a descending scale-wise Urlinie and a 1-V-1 or MIIT-V-1 Grundbrech-
ung, exerts a shaping force on a middleground level, which may itself
comprise one or more stages. The methodology for deriving separate
stages within the middleground is still subject to some debate (Proctor
and Riggins, 1986). Similarly, the middleground exerts a strong shaping
force on the most melodically and harmonically significant notes in the
actual composition (called the “surface” by some writers and the “fore-
ground”’ by others). This explanation may seem backward in comparison
to most descriptions of Schenkerian levels, which tend to begin with the
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foreground level and systematically reduce it to the background level.
The analytic process is described as it is here to underscore the point (cf.
Proctor, 1977; Proctor and Riggins, 1986) that the purpose of levels anal-
ysis 15 ntot to erase notes from scores in the reductionistic pursuit of a
simple, overarching control structure; rather, it is to reveal the existence
and interrelationships of several levels of tonal process operating simulta-
neously in musical compositions.**

Although Schenker apparently proposed his theory of multiple levels
on the basis of logic rather than on the basis of their perceptibility
{Schenker, 1935, p. 18}, the theory is so influential that it seems that some
of its aspects—harmonic clongation and surface-level melodic and con-
trapuntal trajectories, for example—would have been fully examined in
a number of controlled perceptual studies. This does not seem to be the
case, however, for experimental studies of the perception of large-scale
tonal relationships are quite rare. One, reported by Nicholas Cook
(1987), will be discussed later in this chapter. Another study, by Killam
and Baczewski (1985), wuas an ambitious and complicated affair that
ended up with complicated results. Killam lured an unsuspecting group
of music theorists into a session at a professional conference in 1983 on
the pretext of presenting a paper and then passed out blank music paper
and requested that they make an on-the-spot transcription of J. §. Bach's
Chorale No. 117, “Ich bin’s, ich sollte bussen.” A tape recording of the
chorale was played once, and the 58 participants were instructed to write
as much as they could of the soprano and bass lines and any analvsis
they considered “significant” during the playing of the tape and a silent
interval of five minutes afterward. On the average, 35.77 theorists out of
58 correctly transcribed any given note in the soprano line, while only
11.82 correctly transcribed any given bass note. Harmonic analysis waé
far less accurate, with a mean of 4.32 accurate chord symbols‘, out of
a total of 5.6 per verticality.” Killam and Baczewski reported that the
participants did work reductively to the extent that they seemed to disre-
gard nonharmonic tones, but not to the extent that they picked up non-
adjacent repetitions of the tonic A" in the melody. The authors concluded
that their results seemed to indicate *‘some sort of Schenker-Lerdahl re-
duction” and that these results could not be accounted for either by
Bharucha and Krumhansl’s (1983} hierarchies of stability or by Deutsch
and Feroe’s (1981) melodic hierarchy model (cf. Chapter 7).

Recently, a “generative” theory has been advanced by Lerdahl and
Jackendoff (1983) as an alternative means of describing long-range time
‘relations of pitch in tonal music. The theory rests primarily on four
‘components of musical intuition that are hicrarchical in nature” (Ler-
dahl and Jackendoff, 1983, pp.8-9). The first is grouping structure, the
perceptual grouping of motives, phrases, and sections. Metrical structure
is the second component, having to do with the perceptual grouping of
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strong and weak beats on a number of levels. The third component is
time-span reduction, which involves the perceptual ranking of the signif-
icance of each pitch based on its position in the grouping and metrical
structure. Fourth and finally, prolongational reduction involves the per-
ceptual ranking of each pitch with regard ro its expression of melodic
and harmonic stasis or momentum. The theory is powered by a number
of “well-formedness rules” and ‘‘preference rules” that can be applied
to these four perceptual components at each hierarchical level. The well-
formedness rules describe a stylistically appropriate analytic-perceptual
interpretation of a specific component. There may be several well-
formed interpretations of a single grouping, and in this event the prefer-
ence rules, which are derived from Gestalt principles such as proximity
and similarity (cf. Chapter 7), may be applied to identify the best choice
among these alternatives. Perceptual groupings, according to the theory,
arise from perceptual segmentation on the basis of pitch distance (the
Gestalt principle of similarity) and temporal distance (the Gestalt princi-
ple of proximity), as well as from discontinuities of articulation, dy-
namics, timbre, and note length. Irregularities of formal structures, such
as chided phrases, are described by “transformational rules,” which are
regarded as peripheral rather than central to the Lerdahl-Jackendoff the-
ory. Figure 9-4 presents a graphic synopsis of the theory, with the musi-
cal input at the top and the perceived structure at the bortom.

The report of an early test of these grouping rules has been published
by Deligge (1987), who found that listeners (both musicians and nonmu-
sicians) tended to segment the melodic lines of short (three to sixteen
notes long) extracts from recorded music performances essentially as the
grouping rules predicted. Deliege noted that musicians and nonmusicians
did not respond with “‘radically’ different groupings (p. 325), and sug-
gested that the grouping rules be expanded to include segmentation
based on changes in harmony and on instrumental and/or sound density
{p. 357).

Deligge’s study, wisely enough, tested perceptual grouping responses
1o short extracts and asked listeners to mark a single point of segmenta-
tion in cach example. The complexity of grouping preference tests
would quickly become overwhelming when segmentation judgments
were solicited on more than one level or when longer extracts of music
were presented. This is probably why there is a virtually nonexistent
cxperimental literature on perception tests that deal with long-range mul-
tilevel pitch relationships such as those described in ““levels™ and “"gener-
ative”’ theories of tonal music. Strong doubts have been raised about the
value of these music theories as psychological theories. For instance,
Rosner and Meyer (1986) argued that analysts such as Schenker and Ler-
dahl and Jackendoff can graph the hierarchical properties of long
stretches of music, but that these are of little use as psychological theories
if they have little or no relevance to perception. They point out that
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FIGURE 9-~4.  Graphic depiction of the generative theory of tonal music

p'roposed by Lerdabl and Jackendoff (1983, p. 10). Used with bermis-
sion.
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the top node of a grammatical tree is an immediately observed da-
tum: a sentence or an utterance. It represents some incident, occur-
ring over time, which can be entered completely and rapidly into
memory. The associated tree decomposes that uppermost node into
parts at several lower levels of a strict hierarchy. The lowest nodes
in music-theoretic tree structures, however, represent a datum: an
actual stretch of music. Quite often, only fragments of it are held
faithfully in memory. The lowest nodes in the tree are not decom-
positions of higher ones. Instead, higher nodes are selections from
among lower ones. We therefore cannot believe that the increas-
ingly higher nodes, which represent ever more rarefied selections,
form the core of music perception [p. 37].

Regardless of the many problems that accompany controlled tests of
the perceptibility of long-range temporal relationships in music, these
relationships have been shown to exist in musical scores, and it seems
reasonable to suspect that some people might be able to hear them.”
Clearly, some listeners are much more capable than others of recognizing
the harmonic and key levels of temporally remote points in large, multi-
movement compositions. Although the entire audience at a performance
of, say, the Mahler Ninth Symphony hears the acousrical “‘surface’ of the
music at essentially the same time, some listeners will likely be trapped
at or near this surface because of their lack of listening expertise; others
may mentally dart back and forth from one portion of the surface to
another, collecting and synthesizing these impressions and formulating
expectations. There is some question, however, as to how much even
sophisticated listeners can do to make mental connections among tempo-
rally remote points in tonal music: Cook (1987), for example, found that
listeners were quite insensitive to whether tonal compositions ultimately
returned to the original tonic or whether instead they concluded in 2
different key.*

Cone (1968, especially p. 89) distinguishes *‘immediate apprehension,”
the musical ‘‘now,” from “‘synoptic comprehension,” the connection of
the present with the comprehension of past. Cone also discusses the “es-
thetic surface’:

There is a great deal of music that, while resting comfortably in its
extremes and making no demands on a hypothetical environment,
nevertheless cannot be structurally comptehended. . .. It is cer-
tainly true that what many of us are enjoying (if that is the right
word) through long stretches of Also sprach Zarathustra or Sieg-
fried is surface. Even if one could . . . prove that each Wagnerian
act could be analyzed as a structural unity that organically incorpo-
rated every smallest detail, that would not prove that each act could
be so beard. Synoptic comprehension is indeed partly conceptual—
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but only partly so. It is still 2 mode of perception. There is probably
a limit in sheer time to what the human ear can take in structurally;
when this limit is overstepped, the listener falls back on immediate
perception [p. 96].

We have seen earlier that unidimensional perceptual models often do
a poor job in describing the complex relationships in music: witness the
mel scale (Chapter 3) and the sone scate (Chapter 4). Fraser (1985) argues
that the perceptual “now” is hierarchical, consisting of nested social,
mental, and biological “nows.” It seems inconceivable that our temporal
impressions of large expanses of music, or our abilities to remember and
anticipate musical relationships across large expanses of time, could be
adequately measured across a single dimension or described by a simple
cognitive model.

Summary

Our senses give us access to music through a very narrow audible “‘now.”
If important acoustical events take place, sav, every 10 milliseconds or
50, or even if our perceptual sense of present spans as much as 5 seconds,
we have direct perceprual access to less than 3 percent of a 3-minute
popular song or less than 1 percent of a 10-minute symphonic move-
ment. The rest of the music exists in our memories and in our expecta-
tions. A growing number of perceptual theories are suggesting that mem-
ory and expectation are closely connected to one another and to the way
we perceive: our memory guides our attention, influencing our percep-
tions; these perceptions reshape our memory, and the cycle continues.
For example, listeners apparently build up a mental library of melodic
models or archetypes and can, given only the beginning of a melody,
form a fair amount of consensus about how the tune should most likely
continue. Melodies that fulfill the expectations of the listener are easier
to transcribe than are melodies that are no more complex but fail to fulfill
the transcriber’s expectation. This mutual involvement of memaory, per-
ception, and expectation implies that memory is more dynamic, more
active, than some “long-term storage” accounts of it suggest.

Our perceptual awareness of time in music deals primarily with short-
term relationships, relationships that we can observe directly. For exam-
ple, it appears that performers and listeners are quite sensitive to tempo.
Listeners seem to have a mental library of ““good” tempi for familiar
tunes. Performers have been observed to play the same composition at
virtually the same tempo, in performances that are sometimes years
apart. Performers also can be very consistent in the subtle deviations
from strict tempo that they add in expressive musical performance.
These deviations—at least so far as experiments have tested them—tend
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to relate to the local musical terrain: lengthening or shortening tones for
metrical stress or at phrase endings, and articulating one tone a scant
amount early to make it more prominent.

There have been comparatively few experimental studies of long-term
relationships either between temporal spans or between pitch levels in
music. The few studies that have been carried out have yielded mixed
results. It appears that listeners do segment relatively short melodic ex-
cerpts into similar smaller groups, and it appears too that ‘expert” lis-
teners will transcribe at least the soprano line of a fairly complex
Baroque-era chorale quite accurately without having to write eacb note
of the melody in strict sequence. But thus far, experimental evidence
indicates that listeners without absolute pitch are quite insensitive to
pitch relationships that are more remote in time, such as key levels in a
sonata or symphony movement.

Problems

1. Miller (1956) stated that variance could be measured, but the mea-
surement had to be made along some dimension: you measure vari-
ance of weight in carats, kilograms, or tons, and you measure vari-
ance of heat in calories or degrees Celsius or Fahrenheit, but you
cannot mix these dimensions. List several acoustical dimensions of
sound, along with some of their units of measurement. List several
musical dimensions of sound, again along with some of their units
of measurement. Are these dimensions on a comparable level of
complexity? Which dimensions are immediately perceivable and
which are mediated by learning? Is it feasible to discuss bits of infor-
mation as units of measurement along all of these dimensions?

2. Elaborating on the number-guessing game that was used to illus.tratc
the concept of bits, what would be the fewest questions (barrmg‘a
lucky guess) with which you could identify a mystery nun?ber 1}:1
the range 1-1,000? Responses to your guesses would be “higher,
“lower,” or “‘correct.”

3. Cocktail-party effect studies, and in fact most studies of attention
that use auditory (rather than visualy patterns, tend to use verbal
stimuli such as spoken tracts of prose or nonsense syllables, al-
though a few use tones that are heard simultancously w.ith flashes
of light or with spoken words or numbers. Try to devise a more
musical setting in which to demonstrate the cocktail-party effect.

4. What features of the pitch string CDEGABFED (cf. Figure 9-3a) are
most important to you as vou look for patterns within it? 1f you are
asked to extend the melody by three notes while preserving the
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pattern within it, what would those notes be? Why? If you were

asked to extend the melody by one note, what note would that be?
Again, why?

5. To elaborate on the point raised in Problem 4, please examine Fig-
ure 9-5. If the straight line a, simple curve b, and complex curve ¢
were extended rightward, they would all arrive at some point on
th<'3 vertical scale. If you had to extend these lines mentally without
using any drawing tools to help you, what would be the numbers
of -the arrival points on the scale? In which of your mental extrapo-
lations do you have greatest confidence? Is any musical listening
activity similar to this visual task? For example, what pitch do you
think will be found in the melody in Figure 9-6 in five beats? How
much confidence do you have in this extrapolation? Ts your guess
based on melodic direction? Intervallic pattern and sequence?
Rhythmic pattern(s) in the melody? An expectation of what the im-

plied harmony “‘should” be in five beats? Some combination of
these features, or others?

6. As a casval experiment, note how long it takes several people to
respond to the question ““Are you left-handed?” Then, compare
how long it takes those people to respond to the question “How
many windows are there on the first floor of the house (apartment,
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FIGURE 9-6,
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dormitory, etc.) where you now live?”” Unless the respondent lives
where there are few or no windows, (s)he will probably pause to
take a quick mental tour of the place, counting windows. Some
memories take more coaxing, depending on mental context. For
example, recite the alphabet rapidly, but in reverse order; do not
pause until you have reached @. Then, rapidly recite the pitch
names of the white keys of the piano beginning with G and de-
scending through one octave. Probably, you recited the letters
GFEDCBA more quickly as you thought through the scale steps
than you did in the less-familiar context of the backward alphabet.

7. As we have developed increasingly powerful methods and technol-
ogies for storing information over the past several centuries, we
have begun to rely less and less on our memories. A few cultures
still have oral historians who can perform astounding memory feats
as they pass along the stories and wisdom of their people. This was
once the norm rather than the exception in all cultures and was
once one of the most prized possessions of an individual or culture.
One of the best-known methods for developing the memory is now
called the method of foci.>” You used this method by making mental
attachments between places and images. For example, you might
imagine a walk through a garden, a room, or a building. As you
walked through, say, a room, you would remember each piece of
furniture, each picture and mirror, every memorable feature of the
room; you would attach an image of each thing that you wanted to
remember to each of these features of the room in the serial order
that you walked through it. Then, when you wanted to recall the
items, you would take another mental walk through the room and
would find each item where you had “left” it eatlier.

Can you think of any type of musical analogue to the method of
loci? What about pitch relationships? Do people with absolute pitch
unconsciously use something akin to the method of loci?

8. Suppose that you were instructed to design a perceptual measure
for tempo. What potentially confounding variables would you have
to control?

9. Suppose that you were instructed to design a perceptual measure
for meter. First, recall the relationship that may exist between
tempo and meter—that a change in tempo may influence the identi-
fication of meter. {(Consider the similarity between this relationship
and the trill-threshold studies that were discussed in Chapter 3.)
What other potentially confounding variables would you have to
control?

10. Again, each excerpt in Listening Example 9.2 was 15 scconds long.
There are several factors, such as tempo, dynamics, rhythmic activ-
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ity, and formal structure, that might have contributed to divergence
among responses. Can you think of other, less obvious, possibilities?
How might you design a test, or a series of tests, that would identify
stronger and weaker contributors to listeners’ estimates of elapsed
time in music? What do vou suspect would happen to estimates
when listeners were confronted with music with which they were
unfamiliar, or that they disliked?
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The Development of
Cognitive Awareness
in Music

Milestones

The topic of musical development is probably the most complex to be
discussed in this book; at least, it will probably be the chapter that will
lead to the most unanswered questions. In fact, we must begin with some
very troublesome ones. )

First, a2 few questions about musicality. What is it exactly? Can we de-
fine it adequately and then find a reliable objective measure of itz How
much of what we call musicality is rooted in perception, and is properly
measured by perceptual tests? How much of what we call musicality is
appropriately measured instead by performance tests? HOw much are
performance and perception related to one another, so that testing either
one separately might be misinforming? Perceptual tests and performance
tests can both measure differences in emotional, affective responses as
well as cognitive awareness. How are these two aspects of musicality
interrelated, and how should our measures of musicality take these as-
pects into account?

Next, a few questions about development. How much of musicality (or
amusicality) is inherited and beyond the influence of music educators?
How much of musicality {or amusicality) results from the person's envi-
ronment and can be altered by formal training? It certainly appears that
these are all still wide-open questions. Serafine (1988), for example, says:

A large part of the musical research on adults and nearly all of that
on children was conducted with the use of such tests [as Seashore’s
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