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As part of an exploration of people's knowledge about elementary 
physics, Michael McCloskey and his associates designed a set of exper- 
iments that presented subjects with simple non-quantitative problems 
involving the behavior of moving objects. Here are the instructions for 
one such problem: 

The diagram [Example 1] shows a thin curved metal tube. In the diagram 
you are looking down on the tube. In other words, the tube is lying flat. A 
metal ball is put into the end of the tube indicated by the arrow and is shot 
out of the other end of the tube at high speed. (McCloskey 1983, 300) 

After reading the instructions subjects were asked to draw the path the 
ball would follow after it emerged from the tube, ignoring air resistance 
and any spin the ball might have. Slightly over half of their subjects, who 
were college undergraduates whose background ranged from never hav- 
ing taken a course in physics in either high school or college to having 
completed at least one college physics course, gave the solution shown in 
Example 2a. According to Newton's first law, in the absence of a net ap- 
plied force, an object in motion will travel in a straight line. Thus, from 
the view of classical physics the correct answer is that after the ball 
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Example 1. McCloskey, Diagram of spiral tube 

a b 

Examples 2a and 2b. McCloskey, Solutions to the spiral tube problem 

leaves the tube it will travel in a straight line in the direction of its instan- 
taneous velocity at the moment it exits the tube, as shown in Example 2b. 

In order to explain the remarkable consistency exhibited by his sub- 
jects' incorrect responses to this and similar problems, McCloskey pro- 
posed that these responses were based on what he called a naive impetus 
theory. This theory rests on two fundamental assertions about motion. 
The first assertion is that the act of setting an object in motion imparts to 
the object an internal force or "impetus" that serves to maintain the mo- 
tion (ibid., 306). Thus the curvilinear impetus imparted to the metal ball 
as it travels through the spiral tube shapes its path once it exits the tube. 
The second assertion is that a moving object's impetus gradually dissi- 
pates (either spontaneously or as a result of external influences), and as a 
consequence the object gradually slows down and comes to a stop. As a 
reflection of this assertion, subjects tended to show the path of the ball 
straightening out the farther it got from the end of the tube. McCloskey 
noted that this theory was highly similar to pre-Newtonian physical the- 
ories popular in the fourteenth through sixteenth centuries, vestiges of 
which can be seen in the work of such pioneers as Galileo Galilei (ibid., 
317). 

McCloskey's work vividly demonstrates that theories-or what I shall 
later formalize as conceptual models'-are central to how we structure 
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our understanding of the world. An extensive body of recent work by 
cognitive scientists has suggested that cognitive structures of this sort 
provide essential guides to inference and reason, and are in general basic 
to thought. In this essay, I want to explore the role conceptual models 
play in theories of music. Basic to my approach is the assumption that 
theorizing about music is an activity specialized only in its domain, not 
in the cognitive processes it involves. Conceptual models are accordingly 
an integral part of theories of music. Our analyses of music are condi- 
tioned and constrained by the conceptual models we employ, just as our 
accounts of the behavior of physical objects are shaped by our theories of 
motion. 

The effect different conceptual models have on accounts of music can 
be seen in three analyses of the opening eight measures of the rhythm 
theorist's hobby horse, the theme from the first movement of Mozart's 
A major piano sonata, K. 331 (Example 3). 

Edward Cone gave his analysis of this theme in his Musical Form and 
Musical Performance of 1968. The analysis comes just after the intro- 
duction of a striking metaphor for the melodic and harmonic shape of a 
musical phrase: Cone likens the shape of a phrase to a game of catch. 

If I throw a ball and you catch it, the completed action must consist of 
three parts: the throw, the transit, and the catch. There are, so to speak, two 
fixed points: the initiation of the energy and the goal toward which it is 
directed; the time and distance between them are spanned by the moving 
ball. In the same way, the typical musical phrase consists of an initial 
downbeat (/), a period of motion (-), and a point of arrival marked by a 
cadential downbeat (\). (Cone 1968, 26-27) 

Cone uses this notion of the shape of a musical phrase in his treatment 
of the rhythm of Mozart's theme; his analysis of the opening period is 
given in Example 4. He rejects a simple alternation of strong and weak 
measures, an alternation typical of many rhythmic analyses, on the basis 
of harmony: the first and fifth measures of the period should be strong 
because of the firm statement of tonic; the fourth and eighth measures 
should also be strong because of the emphasis provided by the cadences. 
A consideration of the motivic structure of the period refines this analy- 
sis. The first phrase consists of two individual sequential measures fol- 
lowed by a two-measure unit. The shape of the two-measure unit dupli- 
cates the shape of the phrase in miniature: it consists of two half-measure 
units followed by a full measure. As shown in Example 4, the internal 
dynamic of the two-measure unit is the same as that of the complete 
phrase. The second phrase begins with the same sequential measures as 
the first, but in m. 7 the compression that prepares the closing cadence 
brings the rise from A to C# into prominence. Cone's hearing of this rise 
as a third member of the sequence prompts him to assign it the same 
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Example 3. Mozart K. 331/I/theme, mm. 1-8 

rhythmic symbol as the second member of the sequence, heard in m. 6. 
Voice-leading concerns and the forward energy of the sforzando cause 
Cone to group the final eighth of m. 7 with the cadential material of m. 8; 
this constitutes the closing downbeat. 

Although Leonard Meyer's analysis of Mozart's theme appeared after 
Cone's (first in a Bloch lecture of 1971, then in his Explaining Music of 
1973), his methodology is essentially the same as that which he had devel- 
oped with Grosvenor Cooper over a decade earlier. Cooper and Meyer 
understood rhythmic structure to be perceived as "an organic process in 
which smaller rhythmic motives, while possessing a shape and structure 
of their own, also function as integral parts of a larger rhythmic organi- 
zation" (Cooper and Meyer 1960, 2). Rhythmic relationships are analyzed 
as patterns of beats, in which a stable accent and one or more weak beats 
are grouped together in different ways; these low-level, foreground pat- 
terns combine with one another in various ways to form more extended 
rhythmic groupings. In this way the musical surface gives rise to a hier- 
archy of rhythmic groupings (Meyer 1973, 27-28). 

Meyer's analysis of the opening period of Mozart's theme is given in 
Example 5. The first level of the analysis starts at the half-measure level 
of the music, important for Meyer because the dotted-eighth/sixteenth/ 
eighth patterns of the first two measures of each phrase do much to deter- 
mine the grouping and accentual pattern of the complete bar. In mm. 3 
and 4 Meyer's analysis on level 2 corresponds closely with Cone's read- 
ing: although the symbols are slightly different (Meyer's indication for a 
retrospectively weak accent replacing Cone's symbol for an initial down- 
beat), on this level as well as the third and fourth the analyses for the most 
part agree. The main difference between the two is that Cone starts his 
analysis at what for Meyer is the third level of a rhythmic hierarchy. 

In his 1978 article "The Theory and Analysis of Tonal Rhythm" Robert 
Morgan noted that, although both Cone's and Meyer's work reflected the 
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influence of Heinrich Schenker's theory of tonal music, their analyses of 
Mozart's theme were still beholden to certain aspects of metrical dogma. 
For his part, Morgan proposed considering the theme from a more con- 
sistent Schenkerian viewpoint. Morgan noted that Schenker's theory sup- 
plied a method for locating points at which structural motions originate 
and terminate; his idea was to correlate these points of structural origin 
and termination with the points of principal accent through which the 
larger rhythm of a passage is regulated. In Morgan's analysis the first 
phrase of the theme is governed by the overall motion from C#5 and A3, 
in m. 1, to B4 and E3 in m. 4 (see Example 6, level 3). This overall motion 
is articulated on the next level (level 2 of Example 6) by a motion down 
to A4 and F#3 in m. 3. Although the A4 could be seen as the completion 
of a third span from C#5, the bass F#3 and the acceleration away from A4 
to B4 on the second beat of m. 3 prevent closure. 

Up to this point Morgan's analysis agrees, in most respects, with the 
analyses by Cone and Meyer. However, Morgan does not believe the first 
beat of m. 4 should be heard as accented relative to the second beat. The 
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Example 4. Cone's analysis of Mozart K. 331/I/theme, mm. 1-8 
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Example 5. Meyer's analysis of Mozart K. 331/I/theme, mm. 1-8 

acceleration of m. 3 continues into m. 4, carrying the music forward to 
the arrival of the bass on the dominant on the second beat, an arrival that 
is the rhythmic goal and closing accent of the phrase. From Morgan's 
perspective the rhythm of this phrase is not a matter of strong and weak 
beats or strong and weak measures; the rhythm is created by an articu- 
lated tonal process that moves between the two points defined by the 
outer-voice frame (Morgan 1978, 446). 

The acceleration in the first phrase is answered by an even greater 
acceleration in the second, for the consequent phrase must go through the 
dominant to arrive on the tonic. The arrival on tonic gives a different 
character to the closing accent of the second phrase; for Morgan, it is the 
difference in character between the two closing accents, and not some 
analogy to two large beats, that is responsible for the upbeat-downbeat 
effect created by the pairing of antecedent and consequent. The notion 
that accent refers to a point of emphasis, a notion implicit in this analy- 
sis, also leads Morgan to reject Cone's and Meyer's reading of the rhythm 
of mm. 3 and 4 as a diminution of the overall rhythm of mm. 1 through 
4. If mm. 3 and 4 supply the downbeat for mm. 1 and 2 they must repre- 
sent an arrival, but in fact the point of arrival occurs only at the end of the 
unit. Morgan does not believe m. 3 can be both an arrival and a departure 
at the same time. 

Although these three analyses converge on a number of points, it is in 
their divergences that they are instructive. These bear witness to different 
conceptual models, much as the different solutions to McCloskey's spi- 
ral tube problem reflect different theories of the behavior of physical 
objects. More specifically, these analyses use two different models of hier- 
archy to characterize the structure of music. One model views musical 
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hierarchy as the consequence of a single overarching principle that, 
through elaboration, gives rise to the musical surface. The other model 
views musical hierarchy as the result of small patterns that combine to 
form larger patterns, which in turn combine to form still larger patterns. 

These models of hierarchy are not unique to accounts of musical orga- 
nization, but are borrowed from other domains and applied to music. Such 
applications do not occur willy-nilly but are in fact highly structured by 
a cognitive process called cross-domain mapping, which recent research 
has shown to be pervasive in human understanding. An explanation of 
why it is possible to apply certain models to certain domains, as well as 
how a given conceptual model constrains our reasoning-why a particu- 
lar model of hierarchy allows us to say some things about music but not 
others-requires a consideration of basic aspects of the process of cross- 
domain mapping. 

In the following three sections I shall give a fuller account of concep- 
tual models, the process of cross-domain mapping, and the role both play 
in theories of music, using ideas about the hierarchical organization of 
music as a point of focus. In the first section I shall take up the basic fea- 
tures of conceptual models, as well as the process of cross-domain map- 
ping through which these models come to be applied to music. In the sec- 
ond section I shall offer an account of the historical sources and structural 
attributes of two conceptual models of hierarchy. In the third section I 
shall offer an analysis of the way these models of hierarchy are used in 
the accounts of Mozart's theme by Cone, Meyer, and Morgan, and con- 
sider in more detail how conceptual models condition and constrain the- 
ories of music. 

Conceptual Models and Cross-domain Mapping 

The basic notion of a conceptual model I shall use here is of a rela- 
tively stable cognitive structure that is used to guide inference and rea- 
son.2 In its simplest form, a conceptual model consists of concepts in 
specified relationships, pertaining to a specific domain of knowledge. 
The conceptual model is stored in memory as a unit, and recovered in its 
entirety in response to environmental cues or stereotyped reasoning situ- 
ations. I shall reserve the term theory for integrated clusters of concep- 
tual models that share a common domain. 

As a simple example of a conceptual model, consider our model for 
HEIGHT. This model involves concepts about objects in physical space, 
which are in specified relationships that rely on the concepts of linear 
measure and verticality; the most typical domain is height relative to me, 
although extensions of this domain (height relative to me in an airplane 
aloft; height relative to an airplane aloft) are readily available. 

It is often the case that aspects of a conceptual model such as HEIGHT 
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will be mapped onto another domain lacking some of the specific fea- 
tures of the source domain. For example, the relative positions up and 
down, which are part of HEIGHT, may be mapped onto the domain of 
emotions: 

I'm feeling up. My spirits rose. I'm feeling down. Ifell into a depression. 
My spirits sank. 

onto the domain of consciousness: 

Get up. I'm up already. He rises early in the morning. He fell asleep. 

and onto the domain of health: 

He's at the peak of health. Lazarus rose from the dead. She's in top shape. 
He came down with the flu. 

Each of these domains lacks the explicit spatial aspect of HEIGHT, and 
in each the concept of linear measure is relatively weak-that is, we do 
not normally keep in mind a detailed representation of gradations of 
emotions, consciousness, or health. 

Wholesale mappings from a source domain (such as height relative to 
me) onto a number of different target domains (such as emotions, con- 
sciousness, and health) were first noticed not in a study of conceptual 
models but in George Lakoff and Mark Johnson's 1980 Metaphors We 
Live By. Lakoff and Johnson accumulated a substantial body of evidence 
(of which the examples given above are but a small sample) demonstrat- 
ing that metaphor was not simply a manifestation of literary creativity, 
but was in fact pervasive in everyday discourse. Based on this evidence, 
they argued that metaphor was a basic structure of understanding through 
which we conceptualize one domain (typically unfamiliar or abstract- 
the target domain) in terms of another (most often familiar and concrete- 
the source domain). Since Lakoff and Johnson's initial study a number of 
other studies-including Fauconnier 1997, Gibbs 1994, Johnson 1987, 
Kovecses 1990, Lakoff 1987, Lakoff and Turner 1989, Sweetser 1990, 
Turner 1987, 1991, and 1996-have bolstered this argument. In these 
studies it has become conventional to use "metaphor" to refer to cross- 
domain mappings that are a basic part of our thought processes; the 
"metaphorical expressions" of language are surface realizations of such 
mappings.3 

One challenge metaphor theorists have faced is the ultimate ground- 
ing of the process of cross-domain mapping. Even if we grant that we 
understand a target domain in terms of a source domain, how is it that we 
understand the source domain in the first place? Mark Johnson endeav- 
ored to answer this question by proposing that meaning was grounded in 
repeated patterns of bodily experience (Johnson 1987). These patterns 
give rise to what Johnson called image schemata, which provide the 
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basis for the concepts and relationships essential to metaphor and, by 
extension, conceptual models. An image schema is a dynamic cognitive 
construct that functions somewhat like the abstract structure of an image, 
and thereby connects up a vast range of different experiences that mani- 
fest this same recurring structure (ibid., 2). Image schemata are by no 
means visual-the idea of an image is simply a way of capturing the or- 
ganization inferred from patterns in behavior and concept formation. By 
definition, image schemata are preconceptual: they are not concepts, but 
they provide the fundamental structure upon which concepts are based.4 
In turn, cognitive structures concerned with concepts, such as conceptual 
models, are ultimately grounded in image schemata. 

As one example of an image schema, consider the VERTICALITY 
schema, which might be summarized by a diagram of the sort given in 
Example 7.5 We grasp this structure repeatedly in thousands of perceptions 
and activities that we experience every day. Typical of these are the expe- 
riences of perceiving a tree, our felt sense of standing upright, the activity 
of climbing stairs, forming a mental image of a flagpole, and watching the 
level of water rise in the bathtub. The VERTICALITY schema is the 
abstract structure of the VERTICALITY experiences, images, and per- 
ceptions. Our concept of verticality is based on this schema, and this con- 
cept is in turn the basis for the spatial orientation of up and down so cru- 
cial to conceptual models such as HEIGHT. 

The theory of image schemata is also fundamental to current explana- 
tions of what makes cross-domain mapping possible. As George Lakoff 
and Mark Turner have suggested in their writings on the Invariance Prin- 
ciple, mappings are not about the imposition of the structure of the source 
domain on the target domain, but are instead about the establishment of 
correspondences between the two domains (Lakoff 1990, 1993; Turner 
1990, 1993). These correspondences are not haphazard, but instead pre- 
serve the image-schematic structure latent in each domain. For instance, 
mapping the simple spatial relationship up-down onto the domain of emo- 
tions relies on our repeated experiences with what we ourselves feel 
and what we observe in others: buoyancy ("up") when exhilarated ("she 
walked with a spring in her step;" "I was floating on air"); deflation 
("down") when depressed ("he walked as though he carried the weight of 
the world on his shoulders"). Mapping up-down onto the domain of emo- 
tions preserves the image-schematic structure of the physical states we 
associate with emotions, and imports the spatial orientation of the under- 
lying VERTICALITY schema in order to provide a coherent account of 
these states. 

We also map up-down onto the domain of musical pitch: we typically 
speak of "high" notes and "low" notes. We needn't look far to find a cor- 
respondence of up-down in our experience of musical pitch: when we 
make "low" sounds, our chest resonates; when we make "high" sounds, 
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Example 7. Diagram of the VERTICALITY scheme 

our chest no longer resonates in the same way, and the source of the 
sound seems located nearer our head. The "up" and "down" of musical 
pitch thus correlate with the spatial "up" and "down"-the vertical ori- 
entation-of our bodies. Mapping up-down onto the domain of musical 
pitch preserves the image-schematic structure of our embodied experi- 
ence of musical pitch, and imports the spatial orientation of the underly- 
ing VERTICALITY schema in order to provide a coherent account of 
this experience. 

The VERTICALITY schema thus offers a straightforward way to ex- 
plain why we characterize musical pitch in terms of high and low even 
when the actual spatial orientation of the means through which we pro- 
duce pitches-for instance, the keyboard of a piano or the fretboard and 
strings of a guitar-either does not reinforce the characterization or runs 
directly counter to it. Of course, there is no necessity to this characteri- 
zation-we can also understand pitch in terms of size, given that small 
things typically vibrate more rapidly than large things. This is in fact how 
pitch is characterized in Bali and Java: pitches are not low and high but 
large and small.6 

When the mapping of up-down onto pitch is combined with the inter- 
pretation of pitches as objects and the division of the frequency contin- 
uum into discrete slots, almost the entirety of the conceptual model for 
HEIGHT can be applied to music. A visual manifestation of this model 
is provided in our notation of pitch: pitches are rendered as individual 
notes (or objects); notes that are the result of more rapid vibrations of the 
sounding medium are placed higher on the page than notes which result 
from less rapid vibrations (with the exception of sharps and flats); and the 
linear measure of pitch is divided into a sequence of slots, with each slot 
representing one element of a diatonic scale. 

HEIGHT, of course, is a relatively simple conceptual model: it assigns 
no priority to pitches within its metaphorical space, provides no account 
of how one moves through or experiences this space, and in general ren- 
ders pitches inert. Musicians have often used more complex conceptual 
models to vivify their characterizations of music and make their accounts 
of musical organization more comprehensive. Among these are two mod- 
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els of hierarchical organization that were first applied to music in a thor- 
oughgoing way during the early nineteenth century, at about roughly the 
same time that theorizing about music came to be associated with official 
institutions dedicated to the study of music. These models also inform 
Cone, Meyer, and Morgan's analyses of Mozart's little theme. The first 
model, which I call a chain-of-being hierarchy, was used to characterize 
pitch organization. The second model, which I call an atomistic hierar- 
chy, was used to characterize metrical organization. Although these two 
models are distantly related, they were originally developed at different 
points in the history of Western thought to cover non-intersecting do- 
mains of human experience. In the following, I shall trace the origins and 
basic features of these two models of hierarchical organization, and then 
turn to their application to music. 

Two Models of Musical Hierarchy 

Historical models of hierarchical organization 
The principal mark of chain-of-being hierarchies is a conception of the 

universe as a precisely arranged system of interdependent levels or de- 
grees of existence extending from a Supreme Being down to the lowliest 
organism. Although an incredibly rich collection of ideas-one writer has 
noted that the history of chain-of-being hierarchies is a history of Occi- 
dental thought (Patrides 1973,434)-only a few central aspects need con- 
cern us here. 

The ingredients for this complex of ideas came from Plato and Aris- 
totle; Aristotle's connection of "powers of the soul" with levels of being 
in De Anima proved particularly influential. However, it was in Neo- 
platonism that these ideas first appeared fully organized into a coherent 
general scheme.7 Crucial to this organization was Plotinus's notion that 
the perfection of the One included a superabundance which, overflowing, 
was the source of the Many, and that this generation of the Many from 
the One could not come to an end so long as any possible variety of being 
in the descending series was left unrealized. One of the principal ways 
the Neoplatonic cosmology was transmitted to the Middle Ages was 
through Macrobius's Commentary on the Dream of Scipio (late fourth, 
early fifth centuries of the Christian Era). In a passage expanding on the 
revelation presented to Scipio that minds are given to man out of the eter- 
nal and divine fire of the stars, Macrobius writes, 

Accordingly, since Mind emanates from the Supreme God and Soul from 
Mind, and Mind, indeed, forms and suffuses all below with life, and since 
this is the one splendor lighting up everything and visible in all, like a 
countenance reflected in many mirrors arranged in a row, and since all fol- 
low on in continuous succession, degenerating step by step in their down- 
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ward course, the close observer will find that from the Supreme God even 
to the bottommost dregs of the universe there is one tie, binding at every 
link and never broken. This is the golden chain of Homer which, he tells 
us, God ordered to hang down from the sky to the earth. (Macrobius 1990, 
145)8 

The notion of a Great Chain of Being proved a concise and powerful 
model through which humans could give order to their universe. It also 
provided a model through which the distribution of power could be ac- 
complished and justified. The model is quite evident in ecclesiastical 
hierarchies: power flows from the top down, in the same way that being 
and soul flow from the Godhead down through the various levels of 
being, from highest to lowest. 

Inherent in the Neoplatonic scheme is a tension between the self-suf- 
ficiency of the One and the multitudinous abundance of creation it gives 
rise to: it is a paradox that the One needs nothing else, and yet produces 
everything else. Giordano Bruno, writing in the sixteenth century, rev- 
eled in this paradox (Lovejoy 1936, 120). Yet it was also Bruno who, by 
combining the concept of atomism with the comprehensive organization 
provided by the Neoplatonic scheme, inspired a way of thinking about 
hierarchical organization that would eventually compete with the Great 
Chain of Being. 

For Bruno, atomism was a metaphysical principle that provided the 
basis for a demonstration of the underlying unity of all nature (Kargon 
1973, 133). This view was especially influential in England, where Bruno 
lived from 1583 to 1585, and where two factors combined to transform 
his vague, metaphysical scheme into a compelling account of order. The 
first was a challenge to the model for the distribution of power provided 
by the application of a chain-of-being hierarchy to the social sphere. In a 
social chain-of-being hierarchy, the power of any individual is linked, as 
an essential property, to the level occupied by that individual within the 
system: the higher the level, the greater the power over others. A refuta- 
tion of this model can be seen in Thomas Hobbes's Leviathan of 1651. 
Hobbes argued that all humans were basically equal in the faculties of 
body and mind: all had approximately equal power over others. Because 
of this equality, the natural state of individual humans was one of com- 
petition. Only by imposing a social order on humans from without, in the 
form of a common power "to keep them all in awe," was it possible to 
overcome the natural state of virtual or actual war (Hobbes 1651, chap- 
ter 13). Thus the properties ascribed to each member of a society (which 
result in equal measures of power for all members) are different from 
those according to which societal order should be established (which 
result in unequal measures of power): the properties of the individual are 
independent of the properties of the system. 
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The second factor important in the development of an alternative view 
of hierarchical organization was the increased presence of mechanical 
devices in people's lives (Kargon 1973, 132). These machines provided 
thinkers of the time with practical models of the organization of nature. 
Among the most important of these was the mechanical clock. As Gideon 
Freudenthal has observed, 

In the construction of the mechanical clock it was possible to produce 
complicated movements by an appropriate disposition of gears and a dri- 
ving force. The task of science [in the seventeenth and eighteenth cen- 
turies] can be interpreted as the attempt to discover in a limited area and 
to a limited extent the principles of construction of the divine clock. 
(Freudenthal 1986, 63) 

The model of a clock is one that appears consistently in the dispute 
between Isaac Newton and Gottfried Wilhelm Leibniz on the ultimate 
nature of matter. Although the details of this dispute need not concern us 
here (they are discussed in detail in Freudenthal 1986, chapter 3), the dif- 
ferent methodological approaches used by Newton and Leibniz are of 
interest. Leibniz held to what had become, by the early eighteenth century, 
a traditional Baconian methodology: scientific inquiry should seek to dis- 
assemble the divine clock, piece by piece, never speculating beyond what 
could be observed. Although Newton was in sympathy with this method- 
ology, it was inadequate for a purely mechanical account of physics since 
the ultimate workings of the clock-its atomic structure-could not be 
observed. Newton's solution, given in the final "Query" appended to the 
fourth edition of his Opticks, was a practical one, which divided scientific 
theorizing into two halves (Hughes 1990, 177). The first half is analysis: 

This Analysis consists in making Experiments and Observations, and in 
drawing general Conclusions from them by Induction, and admitting of 
no Objections against Conclusions, but such as are taken from Experi- 
ments, or other certain Truths. (Newton [1730] 1952, 404) 

The second half is synthesis or composition, in which the various induc- 
tive generalizations produced by analysis are organized into a logical sys- 
tem based on a limited number of essential principles. In the case of the 
divine clock, synthesis of necessity played a larger role than analysis 
(which led Leibniz to accuse Newton of arguing from hypothesis rather 
than from observation). However, Newton believed this exception to his 
overall methodology was justified by the potential results: 

to derive two or three general Principles of Motion from Phenomena, and 
afterwards to tell us how the Properties and Actions of all corporeal 
Things follow from those manifest Principles, would be a very great step 
in Philosophy, though the Causes of those Principles were not yet discov- 
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er'd: And therefore I scruple not to propose the Principles of Motion 
above-mention'd, they being of very general Extent, and leave their 
Causes to be found out. (Newton [1730] 1952, 401-402) 

In other words, the scientist simply had to assume that the general prin- 
ciples produced by synthesis held even on levels that could not be directly 
observed: the mechanical workings of the divine clock were assumed to 
be consistent throughout. 

When combined with the independence of elemental and systemic 
properties proposed in the social sphere, this approach developed into a 
new conception of hierarchical order, which I call an atomistic hierarchy. 
In contrast to a chain-of-being hierarchy, an atomistic hierarchy can be 
built from the bottom up, its organization governed by a set of general 
principles that obtain no matter what the specific attributes of a given 
level. It is a concise and concrete account of organization, and one that, 
through applications in physics, chemistry, and biology, has had an enor- 
mous influence on how humans view their world. 

Structuralfeatures of chain-of-being and atomistic hierarchies 
Each of the two sorts of hierarchy I have discussed offers a different 

view of how the world is organized. The fundamental conceit of chain- 
of-being hierarchies is to regard a domain as a huge organism pervaded 
by a force, the origins of which are mysterious. "Being" and "political 
power" are both examples of such forces. This force manifests itself as 
properties instantiated in varying degrees by the elements of the domain. 
In a traditional Great Chain of Being, for instance, a rock has the prop- 
erty of substance, a tree has the properties of substance and life, and an 
insect has the properties of substance, life, and mobility. The domain can 
be organized into a hierarchy in which any given level is distinguished by 
a specific set of properties that embody aspects of Being. These proper- 
ties include all of the properties that distinguished lower levels, plus 
properties unique to the given level: trees include substance and add life; 
insects include substance and life and add mobility. Inclusion within the 
hierarchy is thus of properties, but not elements. 

The fundamental conceit of atomistic hierarchies is to regard a do- 
main as an extended mechanism operating according to a limited set of 
general principles. The laws of classical physics are an example of one 
such set of principles. All of the actions and properties of elements within 
the domain, from the smallest to the largest, and from the most simple to 
the most complex, follow these general principles. Thus sub-atomic par- 
ticles and planets both conform to the same principles. Classes of ele- 
ments may be distinguished according to common conformance with the 
general principles of the system. The actions and properties of electrons, 
protons, and neutrons on the atomic level are by no means identical, but 
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they can be distinguished from the actions and properties of atoms on the 
molecular level. In addition, all of the elements within a given class have 
the shared property of combining into units: electrons, protons, and neu- 
trons combine to form atoms, and atoms combine to form molecules. The 
domain can be organized into a hierarchy in which each level is a con- 
formance class whose elements combine into units which constitute the 
elements of the next higher level in the hierarchy. This process continues 
recursively until the limits of the system are reached. Inclusion within the 
hierarchy is thus of elements, but not properties. 

The basic structure of each of these models of hierarchy can be de- 
scribed in terms of relationships that are established between the general, 
abstract property of "energy" and the CONTAINER schema.9 "Energy" 
takes form as the mysterious force of a chain-of-being hierarchy, or the 
power that drives the mechanism of an atomistic hierarchy. For both 
models, the CONTAINER schema provides the basic internal structure 
of the levels that make up the hierarchical system. 

In a chain-of-being hierarchy, the energy in terms of which the system 
is defined (e.g., "Being," or "political power") is distributed unequally 
throughout the system. Systemic organization is consequently based on 
the amount of energy (interpreted as "properties of Being" or "extent of 
political power") each element of the system has. The containers (or hier- 
archical levels) that articulate this organization group elements according 
to their amount of energy (or systemic properties). Although chain-of- 
being hierarchies oftentimes offer vivid and dynamic accounts of organi- 
zation, hierarchical structure (based on the contents of the containers that 
make up the hierarchy) is in fact relatively abstract. 

In an atomistic hierarchy, energy is distributed throughout the system 
according to a fixed set of general principles. Systemic organization is 
consequently based on the way different elements of the system manifest 
these principles. The containers (or hierarchical levels) that articulate this 
organization group elements according to common conformance with the 
general principles. The generality of the organizing principles of atom- 
istic hierarchies means that the principles can seem somewhat removed 
from actual experience, although hierarchical structure (based on the con- 
tents of the containers that make up the hierarchy) is in fact relatively 
concrete. 

Given these structural attributes, each model has a slightly different 
potential as a source domain. A chain-of-being hierarchy will map these 
predicates onto a target domain: 

= the target domain is pervaded by a mysterious force 
= this force manifests itself as properties instantiated to varying 

degrees by the elements of the domain 
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= the domain can be organized into a hierarchy in which each level is 
distinguished by a unique set of properties 

= each level of the hierarchy includes all of the properties of the next 
lower level, and adds new properties unique to that level 

= the higher levels of the hierarchy more completely manifest the 
mysterious force (and are thus more perfect) than the lower levels 
of the hierarchy 

Because chain-of-being hierarchies have often been used to structure nat- 
ural and human domains, applying the model to other domains may sug- 
gest that elements of that domain have natural or anthropomorphic 
aspects, even though these are not necessary entailments of the mapping. 

An atomistic hierarchy will map these predicates onto a target domain: 

= the target domain is analogous to an extended mechanism 
= this mechanism operates according to a limited set of general prin- 

ciples 
= all of the actions and properties of elements within the domain fol- 

low these general principles 
= classes of elements may be distinguished according to common 

conformance with the general principles, and the shared property of 
combining into units 

= the domain can be organized into a hierarchy in which each level 
represents a conformance class 

= the elements on each level of the hierarchy combine to form units; 
these units constitute the elements of the next higher level in the 
hierarchy 

= the recursive combination of elements into units continues until the 
limits of the system are reached. 

Because atomistic hierarchies have often been used in scientific explana- 
tions, applying the model to other domains may suggest that a "scien- 
tific" approach is being used, even though this is not a necessary entail- 
ment of the mapping. 

Given the different structural attributes each model of hierarchy will 
map onto a target domain, it follows that each provides a different model 
for reasoning about the target domain. Nowhere is this clearer than in the 
first thoroughgoing applications of these models to the domain of music 
during the early nineteenth century. 

Mapping models of hierarchy onto music 
Early in his Cours complet d'harmonie et de composition of 1806 

Jerome-Joseph de Momigny presents a C major scale arranged as two 
symmetrical tetrachords, as shown here: 
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G a b C 
C d e F 

Of the three main notes, G, C, and F, which, Momigny muses, is the most 
important? His response is accompanied by a telling image: 

it is [tonic] who plays the premiere role in le Ton. She is the center of grav- 
ity, the purpose of all purposes, the end of all ends; in a word, it is to her 
that the scepter of the musical empire is entrusted.'0 

At the beginning of the chapter in which this passage occurs Momigny 
linked his concept of le Ton with that of hierarchy;"1 with his image of 
tonic holding the scepter he leaves no doubt as to what sort of hierarchy 
he has in mind. A similar, if less colorful, image is near the center of his 
explanation of order in music, which appears twelve years later in the sec- 
ond volume of the Encyclopedie methodique. This order, which Momigny 
claims is purely metaphysical, consists in a natural hierarchy of seven 
notes that are arranged according to the authority of the one called tonic 
(Momigny 1818, 2:179). As Renate Groth has noted, this is essentially 
the same definition of order given over two decades later by Francois- 
Joseph Fetis; the most important difference is that Fetis assigned this order 
the name tonalite (Groth 1983, 58). 

By mapping a chain-of-being hierarchy onto the domain of music 
Momigny creates a very specific notion of le Ton. The origin of le Ton is 
mysterious-Momigny never gets more specific than claiming that it is 
"metaphysical." The notes organized by le Ton occupy different levels, 
according to their directive force; these levels Momigny establishes 
through various musical propositions (Momigny 1806, 1:49ff.). Perhaps 
most important, notes are regarded as agents with powers proportional to 
their status within the hierarchy: the properties characteristic of le Ton 
increase as one ascends towards tonic. Thus, even though Momigny iden- 
tifies dominant as the generator of the scale (based on the presence of a 
minor seventh in the overtone series) he argues that it must be regarded 
as subservient to tonic, for the authority of tonic cannot be challenged 
(ibid., 1:47-48). 

The conception of tonal organization produced by mapping a chain- 
of-being hierarchy onto music was a powerful one. We see it not only in 
Momigny's early formulation of the concept of le Ton, but also in the 
persuasive account of tonal organization presented in the first and third 
volumes of Heinrich Schenker's Neue musikalische Theorien und Phan- 
tasien. As presented in Harmonielehre, the mysterious force that pervades 
the domain of music is that of Nature, manifested through the overtone 
series. In Schenker's conception, every tone within the musical domain 
is possessed of the urge to produce endless overtones, much as living 
beings have procreative urges.12 Beginning with a single tone, Schenker 
creates a community of tones arranged in hierarchical order, with the notes 
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closest to the source-pitch having priority over those more remote 
(Schenker 1906, ??17-18, pp. 54-55). The tonal system that results is a 
manifestation of the desire of the source tone to rule over others, and to 
extend this rule as far as possible.13 In his Derfreie Satz of almost thirty 
years later Schenker retained this conception of tonal organization and, 
by emphasizing the organicism latent in this conception, built from it an 
account of the coherence of entire works of music. He did this by propos- 
ing that the transformation of the musical source (now the Naturklang, or 
chord of nature) proceeded through discrete levels from background to 
foreground. The background represented an abstract, initial working-out 
of the tendencies of the chord of nature through the Ursatz, or funda- 
mental structure; the foreground represented the musical work as we 
conventionally think of it.14 Schenker makes clear that this foreground 
emanates from and is controlled by the background.15 Thus the hierar- 
chical organization of music is no longer restricted to the ordering of sin- 
gle tones into a scalar system, but manifests itself as a series of transfor- 
mations that steadily enrich musical content. In Schenker's vision of the 
relationship between structural levels a version of the Neoplatonic cos- 
mogony central to the original Great Chain of Being continues to echo: 

Between fundamental structure and foreground there is manifested a rap- 
port much like that ever-present, interactional rapport which connects 
God to creation and creation to God. Fundamental structure and fore- 
ground represent, in terms of this rapport, the celestial and the terrestrial 
in music. (Schenker 1979, 160)16 

A rather different view of musical order is presented by Gottfried 
Weber in his Versuch einer geordneten Theorie der Tonkunst, which 
appeared in a number of editions in the early nineteenth century. When 
this view is introduced Weber's topic is not the organization of pitches, 
but the organization of musical rhythm. For Weber, rhythm depends on 
regularity, and the mechanical nature of this regularity is revealed in his 
breathless definition: 

If... a symmetrical measured division of the times is found in a piece of 
music, i.e., the time is distributed into exactly equal general divisions, and 
these are again divided into equal parts, and the latter are farther separated 
into equal smaller quotas or proportional parts, &c. and the duration of the 
tones in relation to one another is exactly measured according to such 
divisions of time, so that a general division always appears as a symmet- 
rically arranged group of several smaller portions of time, and these taken 
together as a smaller subordinate group of yet smaller parts, and the 
accent is also symmetrically apportioned amongst all these divisions of 
time-then the music is measured and rhythmical. . . (Weber 1851, 1:62 
[?47]) 
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This mechanical notion of rhythm is accompanied by a mechanical 
notion of time-keeping: Weber emphasizes the importance of inventions 
like the metronome and devotes a lengthy footnote to instructions for 
constructing a pendulum that will accomplish the same thing (ibid., 
1:68-71). 

Weber follows his digression into the mechanics of time-keeping with 
a detailed account of the rules by which musical measures are con- 
structed, first dividing the measure into its constituent parts and then 
building measures according to symmetrical patterns of accent. He then 
proceeds to further levels of rhythmic organization. 

But there is still a higher symmetry than this. That is to say, as parts of 
times taken together form small groups, so also can several groups taken 
together be presented as parts of a larger group, of a greater or a higher 
rhythm, of a rhythm of a higher order. 

We may go still farther, and to such a greater rhythm we may annex more- 
over a second and a third, so that these two or three together constitute 
again a still higher rhythm. Thus, e.g. in the following passage [Example 
8], two measures taken together constitute a small rhythm, two of these 
taken together constitute again a rhythm of a higher species, and again 
two of the latter taken together constitute a capital or principal rhythm. 
(ibid., 1:85 [?68]) 

The construction of the members of the larger rhythms is a symmetry pro- 
ceeding more by the gross; it is perfectly similar to that involved in the 
structure of measures, except simply that it is all on a larger scale. As a 
measure consists of two or three parts, so two or three measures form the 
parts of a greater rhythm, and several such rhythms are again parts of a 
still higher group. 

Hence the measures are distinguished from one another in such higher 
rhythms, in respect to their greater or less internal weight or accentuation, 
in the same way the parts of the measure are distinguished among them- 
selves; i.e., the heavy or accented measures assume a prominence above 
the lighter, as do the heavier parts of the measure above the lighter. (ibid., 
1:87 [?69]) 

What Weber has described, of course, is an atomistic hierarchy of metri- 
cal groups: beats combine into measures, measures combine into groups 
of measures, and so on up through a series of hierarchical levels. 

Mapping an atomistic hierarchy onto the domain of musical rhythm 
emphasizes the regularity of accentual pattern often associated with the 
concept of meter. By turning rhythm into a machine, Weber can describe 
its organization with three basic principles: (1) all units of rhythm are 
either accented or unaccented; (2) these units are grouped into cyclic pat- 
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Example 8. Weber's example of hierarchical levels of rhythm 

terns of accent which form symmetrical groups; (3) the groups of one 
level constitute the units of the next higher level. All of the objects within 
this domain must conform to these principles, but not necessarily in 
exactly the same way: although accent or non-accent applies to both beats 
and groups of measures, with beats the property lasts for but an instant, 
whereas with groups of measures the property lasts for the duration of the 
group. No limit is specified for the hierarchy that results, although Weber 
does not develop levels beyond those shown in his example. 

The approach to musical rhythm proposed by Weber became standard 
during the nineteenth century, although subsequent theorists often added 
interesting complications. Moritz Hauptmann, for instance, imposed a 
Hegelian interpretation on metrical groupings, which permitted him to 
frame the basics of meter and harmony in the same terms (Hauptmann 
1893, 189ff.). By the time of Hugo Riemann's 1903 System der musikalis- 
chen Rhythmik und Metrik, the hierarchical structure represented by 
Weber's "capital or principal rhythm" was presented as the normative 
framework (normatives Grundschema) of rhythmic organization: beats 
formed measures, which in turn formed duple groups, which combined 
into two half-phrases of four measures each, which joined to create the 
eight-measure phrase (Riemann 1903, 196-98). 

Reasoning about music through chain-of-being and 
atomistic hierarchies 
Chain-of-being and atomistic hierarchies developed at different points 

in the history of Western thought to cover non-intersecting domains of 
human experience. These differences are reflected in the basic structure 
of each type of hierarchy, and result in two distinct models for reasoning 
about the world. When these models are mapped onto music they yield 
different inferences about how musical materials are organized, which 
lead to different ways to analyze music. If our reasoning is guided by a 
chain-of-being hierarchy, we infer that each musical work constitutes a 
domain pervaded by a mysterious force. Musical analysis consists in ex- 
plicating the way different musical elements embody this mysterious 
force. By this means the proper place of these elements in the musical 
hierarchy can be determined, and an account of musical structure pro- 
duced. If our reasoning is guided by an atomistic hierarchy, we infer that 
each musical work operates like an extended mechanism. Musical analy- 

213 



sis consists in identifying the basic components of this mechanism and 
explicating the principles according to which it works. The view of musi- 
cal structure that results is of a hierarchy of distinct yet interrelated sub- 
structures that, combined, constitute the musical work. 

With these two models for reasoning in mind, let us now return to the 
three analyses of the rhythmic organization of Mozart's little theme dis- 
cussed above and consider in more detail how conceptual models condi- 
tion and constrain musical analysis. 

Conceptual Models and Music Theory 

According to the Schenkerian paradigm Robert Morgan adopts, tonal- 
ity is characterized by the property of control: within a tonal composi- 
tion, every pitch controls or is controlled by other pitches. Pitches located 
at the foreground have only the property of being controlled. Pitches 
located at middleground levels control pitches at lower levels and are 
themselves controlled by pitches at higher levels. Pitches located at the 
background level are governed only by restrictions placed on the Ursatz 
by the chord of nature. 

Morgan's correlation of rhythmic organization with this account of 
tonal organization has two important entailments for the conception of 
musical rhythm. First, rhythm becomes a matter of motion between 
structurally significant events: the initiation and completion of each 
rhythmic motion is marked by the appearance of the pitches that control 
a given span; the character of the rhythmic motion will reflect relation- 
ships between these controlling pitches. Thus the first rhythmic motion 
of Mozart's theme begins with the Kopfton in m. 1, and ends with the 
appearance of 2 in m. 4; the motion has the character of an antecedent 
because a complete motion from 3 to i has not yet been achieved (see 
Example 6). Second, the type of accent assigned a given musical moment 
will tend to be unequivocal. Emphasis, as an articulation of rhythmic 
motion, follows from hierarchical structure: emphasized pitches will be 
those located at higher levels of the tonal hierarchy. Because the location 
of a given pitch within the hierarchy is not equivocal, the emphasis it 
receives will not be equivocal. Thus m. 3 cannot have both an upbeat 
accent and a downbeat accent at the same time, but must be given a rhyth- 
mic reading that matches the overall tonal structure. 

Although Leonard Meyer's treatment of Mozart's theme certainly 
takes account of tonal structure, his rhythmic analysis begins, as noted 
above, at the musical surface. The accentual groups of the first (surface) 
level of the hierarchy become the elements of the second level of the hier- 
archy; the accentual groups of the second level become the elements of 
the third level; and so on up through four levels of hierarchical organiza- 
tion (see Example 5).17 
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From Meyer's perspective, rhythmic organization, insofar as it is met- 
rical, is independent of tonal organization, since the elemental patterns of 
metrical accent can be specified in the absence of pitch. The overall 
rhythmic character of a passage results from an interaction between tonal 
organization and patterns of metrical accent occurring on a number of 
hierarchical levels. The emphasis accorded a given musical event can 
only be reckoned in context: on level 2 of Meyer's hierarchy m. 3 is (as 
a whole) accentually weak; on level 3 it is one component of a strong 
accent; and on level 4 it is a subcomponent of a weak accent. The prop- 
erty of accent is, in consequence, different on each hierarchical level, 
since the accent proper to each level pertains to different spans of musi- 
cal events. 

The differences between these two accounts of the rhythmic structure 
of Mozart's theme follow in part from the way each model of hierarchy 
constrains reasoning about music.'8 From the perspective of a chain-of- 
being hierarchy, the musical surface is the least important of all levels; 
given the way musical events are assigned to hierarchical levels, any poly- 
semous reading of such events is little more than analytical dithering. 
From the perspective of an atomistic hierarchy, there can be no grand plan 
of musical organization that does not originate with the simplest and most 
readily apprehended of musical materials. However, there is a bit more to 
the story: the constraint these models impose on our reasoning goes be- 
yond the inferential possibilities provided by their relational structure and 
penetrates to the very core of what counts as relevant phenomena for the- 
orizing and analysis. Indirect evidence for this constraint is supplied by 
the way each model of hierarchy is mapped onto music: chain-of-being 
hierarchies have been mapped almost exclusively onto the domain of 
musical pitch-they have generally not been mapped onto the domain of 
musical meter; atomistic hierarchies have been most often mapped onto 
the domain of musical meter-mapping them onto the domain of pitch 
has not met with wide acceptance.'9 This evidence suggests that the rela- 
tionship between source domain and target domain is in fact not arbitrary, 
but is itself constrained by basic predicates of the process of cross-domain 
mapping. 

This particular aspect of the constraint imposed by conceptual models 
returns us to the Invariance Principle of Lakoff and Turner. According 
to this principle, for those portions of the source and target domains 
involved in a cross-domain mapping, the mapping preserves the image- 
schematic structure of the target domain and imports as much of the 
image-schematic structure from the source domain as is consistent with 
this preservation.20 Mapping a model of hierarchy onto music will pre- 
serve aspects of our musical experience, and structure these by importing 
the relationships between "energy" and the CONTAINER schema em- 
bodied by this model. When we take a chain-of-being hierarchy as the 
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source domain we preserve our sense that some aspects of music are more 
important than others, and import a model of systemic organization in 
which energy is distributed unequally and hierarchical levels group ele- 
ments according to their amount of energy. This mapping works well for 
the asymmetrical pitch relations typical of tonal music, but less well for 
the measured domain of metrical rhythm. When we take an atomistic hier- 
archy as the source domain we preserve our sense that some aspects of 
music are regular and recurring, and import a model of systemic organi- 
zation in which energy is distributed equally and hierarchical levels group 
elements according to common conformance with general principles. 
This mapping works well for the measured domain of metrical rhythm, 
but less well for the asymmetrical pitch relations typical of tonal music. 
Thus the image schemata that ground our conceptual models also facili- 
tate mapping these models onto novel domains, subject to the limitations 
of the image-schematic structure of both domains. 

Additional evidence for the role played by image schemata in con- 
ceptual models and cross-domain mapping is suggested by Edward Cone's 
analysis of Mozart's theme, which makes use of a blend of the approaches 
to musical organization used by Morgan and Meyer. For Cone, as for Mor- 
gan, musical rhythm involves motion between points of tonal stability. 
The first and fifth measures of the theme should be strong because of the 
firm statement of tonic; the fourth and eighth measures should also be 
strong because of the emphasis provided by arrivals on important har- 
monies. However, Cone, like Meyer, is also interested in the contribution 
of the musical surface to our understanding of musical rhythm as a whole. 
Cone's overall interpretation of the rhythmic structure of the opening 
eight measures is thus shaped by meter, motivic structure, and surface 
accents. What guides Cone's analysis is his concept of musical energy- 
it was this that prompted his comparison of a musical phrase to a game 
of catch. The path of energy that marks the transit of the ball in the game 
of catch is the analog for the path of musical energy constituted by a given 
passage in a work of music. Starting with the concept of energy rather 
than with a model of hierarchy allows Cone to tap into both models of 
hierarchy and draw from each what he needs. By this means he can forge 
a single account of musical rhythm that recognizes both models of hier- 
archy but which is restricted to neither. 

That Cone is able to do this is no accident, for in doing so he demon- 
strates what Mark Turner and Gilles Fauconnier have called conceptual 
blending (Fauconnier 1997; Fauconnier and Turner 1996; Turner 1996, 
chapter 5; Turner and Fauconnier 1995). The details of blending need not 
concern us here; what is most important is that Cone's account draws on 
two conceptual models to create a characterization of musical rhythm 
that blends aspects of both, and that he is able to do this through a gen- 
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eral, abstract property central to the image-schematic structure of both 
models. 

According to the approach I have developed here, the discrepancies 
between these three analyses of Mozart's theme reflect the role played by 
conceptual models in theories of music. At work are two different mod- 
els of hierarchical organization. One maps a chain-of-being hierarchy 
onto music, and highlights one set of aspects of the musical domain. The 
other maps an atomistic hierarchy onto music, and highlights a different 
set of musical aspects. Two of the analyses-those by Robert Morgan and 
Leonard Meyer-rely on relatively straightforward mappings, one from 
each model of hierarchy. Where the structure of the models of hierarchy 
diverge, there also will the musical analyses based on these models di- 
verge. The third analysis, by Edward Cone, blends the two mappings by 
focusing on commonalities between their image-schematic structures. By 
focusing on these commonalities, Cone puts some distance between his 
interpretation and notions about hierarchical organization and produces 
yet a third analysis of Mozart's theme. The discrepancies between the 
three analyses are thus not the result of different opinions about what con- 
stitutes the theme of the first movement of Mozart's sonata, nor are they 
a consequence of analytical inconsistencies; they instead follow from the 
structure of these two conceptual models and the way they are employed 
in accounts of music. 

Conclusion 

In this essay I have proposed that our reasoning about the world is 
guided by conceptual models, which are relatively stable cognitive struc- 
tures that consist of concepts in specified relationships, and that pertain 
to specific domains of knowledge. The ultimate grounding of conceptual 
models is provided by image schemata, which function as cognitive sum- 
maries of repeated patterns of bodily experience. Theories consist of inte- 
grated clusters of conceptual models that share a common domain. 

The conceptual models fundamental to theories of music are most typ- 
ically borrowed from concrete domains and brought to bear on the domain 
of music through the process of cross-domain mapping. This process re- 
lies on establishing correspondences between the image-schematic struc- 
ture of the source domain and the image-schematic structure of the target 
domain. Each such mapping will preserve only a portion of the structure 
of the target domain, and import only as much of the structure of the 
source domain as is appropriate. The description afforded by applying any 
given conceptual model to the domain of music is consequently con- 
strained by those aspects of the structure of the target domain that are pre- 
served in the mapping, and those aspects of the structure of the source 
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domain that are imported. Our accounts of music may vary widely, but 
they will not vary absolutely inasmuch as they are limited by the process 
of cross-domain mapping. 

It follows that conceptual models do not give us access to deep, time- 
less, and immutable truths about musical structure. They instead offer us 
an image of how we construct our understanding of music. This image 
reveals not only those aspects of musical experience that are important 
to a culture or subculture at a given historical moment, it also gives an 
indication of what counts as a particularly clear or compelling model for 
a given writer. Thus the asymmetrical pitch relations typical of tonal 
music have been described in terms of logic (Riemann 1874), centripetal 
forces (Louis and Thuille 1920), psychological energetics (Kurth 1913), 
and gravity (Schoenberg 1978), as well as in terms of chain-of-being 
hierarchies.21 

My account of the role played by conceptual models in theories of 
music must be regarded as preliminary: although we know much more 
about the human mind than we did twenty years ago, we still know sur- 
prisingly little. What we do know suggests that "the mind" is stagger- 
ingly complex and admits of no simple explanations of what it is or how 
it operates. Nonetheless, by integrating theories of music within the 
broader perspective provided by cognitive science, it is my hope that ad- 
vancements in the latter can be more easily applied to the former. Ap- 
proaching our theories of music as specialized forms of the multifarious 
theories we have about the world can change our regard of music, and can 
also provide insights for studies in cognitive science: in its immediacy 
and complexity, the domain of music is surely one of the most fascinat- 
ing that human minds have created. Our fascination with this domain can 
be seen in the endurance and constant reinvention of music. I believe we 
can also see it in our theories of music, which seek to draw the outlines 
of the Muse that, by showing us a reflection of our inmost beings, still 
holds us all in thrall. 
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NOTES 

This paper has benefited considerably from suggestions made by Candace Brower, 
Thomas Christensen, Richard Cohn, Berthold Hoeckner, and Brian Hyer. Com- 

pletion of the work was facilitated by a Junior Faculty Fellowship from the Hu- 
manities Division of the University of Chicago. 

1. As a typographical convention, when technical terms are first introduced they will 
be given in boldface type. 

2. This sort of model has occupied researchers in cognitive science and artificial 

intelligence for over twenty years. However, there is great diversity in just what is 
meant by a conceptual model and what such cognitive structures are called. On 
mental models see P. N. Johnson-Laird 1983; Barsalou 1992, chapter 7; and the 
various essays collected in Gentner and Stevens 1983. On idealized cognitive 
models see Lakoff 1987 and McCauley 1987. On cultural models see Quinn and 
Holland 1987; D'Andrade and Strauss 1992; D'Andrade 1995; Shore 1996. On 

frames or frameworks see Minsky 1975, 1985. On cognitive domains see Lan- 

gacker 1987, 1992. On mental spaces see Fauconnier 1985. On knowledge struc- 
tures see Abelson and Black 1986. 

3. Another way to characterize this distinction is between conceptual metaphors and 
linguistic metaphors. A conceptual metaphor is a mapping between two different 
domains; a linguistic metaphor is the manifestation of such a mapping in lan- 
guage. See in particular Gibbs 1994 for a discussion. 

4. For an application of the theory of image schemata in a music-theoretical context 
see Saslaw 1997. With regard to the preconceptual status of image schemata, see 
Edelman 1989, chapter 8; and 1992, 238-41. Lawrence Barsalou and his associ- 
ates have recently posited a similar preconceptual structure, called a perceptual 
symbol, as the basis of concepts; see Barsalou, Yeh, Luka, Olseth, Mix, and Wu 
1993. For a discussion of empirical research that supports the theory of image 
schemata, see Gibbs and Colston 1995. 

5. The diagrams used to illustrate image schemata are often a source of confusion, 
for the very reason that they offer a concrete visual representation of an elusive 
theoretical construct. For his part, Johnson takes pains to emphasize that such dia- 
grams, whose main function is to represent the key structural features and internal 
relations of image schemata, can be misleading, in that they tend to make us iden- 
tify schemata with rich images or mental pictures (see Johnson 1987, 23-28). In 
the simplest terms, whatever actually occupies our thoughts is not, by definition, 
an image schema. We can conceive of image schemata, just as we can conceive of 
any of a number of non-conceptual or preconceptual cognitive processes, but that 
is another matter. 

6. In the case of the Balinese characterization of musical pitch, what would be pre- 
served by the mapping would not be directly embodied experience as much as 
repeated experience with resonating objects in the physical world. My thanks to 
Benjamin Brinner for confirmation of the way pitch is characterized in Bali and 
Java. 

Yet another way to characterize musical pitch has been noted by Andrew Barker. 
Barker observes that the metaphors of "up" and "down" are not built into ordinary 
Greek in the way that those of tension and relaxation are; thus Greek theorists of 
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antiquity spoke more literally of "sharpness" (height) and "heaviness" (depth) 
(Barker 1989, 134 n. 43). 

7. Concerning the complex of ideas associated with the great chain of being and Neo- 
platonism, see Lovejoy 1936, 61; concerning De Anima, see ibid., 58. 

8. It is also in Macrobius that we find a detailed discussion of the harmony of the 

spheres, as well as the legend of Pythagoras and the blacksmith's shop (Macrobius 
1990, 185-200). The connection between harmony and order found in Macrobius 
was an important one, and may have contributed to the application of a metaphor- 
ical chain-of-being hierarchy to music. However, it is also striking that the image 
of a ladder is used in both domains: in the Middle Ages the hierarchical organiza- 
tion summoned by the Chain of Being was more commonly represented by 
Jacob's Ladder (Kuntz 1987, 6); and some early mnemonic diagrams show the 
gamut as notes on a ladder (Berger 1987, Figure 1; and the associated discussion, 
9-10). 

9. My account of the basic relationship between the general, abstract property of 

"energy" and the CONTAINER schema follows Johnson's account of force 
gestalts; see Johnson 1987, 42-48. 

10. The complete passage runs as follows: "J'ai deja dit que ce sont la les trois Notes 

principales du Ton. La TONIQUE l'emporte sur toutes les Notes. C'est elle qui 
joue le premier r6le dans le Ton. Elle est le centre de gravite, le but de tous le buts, 
la fin de toutes les fins; en un mot, c'est a elle que le sceptre de l'empire musical 
est confie." (Momigny 1806, 1:47) The image is used again on p. 81 of the same 
volume. 

11. "Le Ton is hierarchy, the order established between the notes of a genre or a mode." 
["Le Ton est la hierarchie, l'ordre 6tabli entre les Notes d'un genre et d'un mode." 
(Momigny 1806, 1:47)] 

12. "Es ist selbstverstandlich, dal den Trieb, Generationen von Obertonen ins Unend- 
liche zu zeugen, jeder Ton in gleichem MaBe besitzt. Man darf, wenn man will, 
auch diesen Trieb einem animalischen vergleichen, denn er scheint in der Tat dem 
Fortpflanzungstrieb eines Lebewesens durchaus nicht nachzustehen." (Schenker 
1906, ? 14, p. 42) ["It is self-evident that the urge to produce unending generations 
of overtones belongs to every tone in equal measure. One might also compare this 
urge to that of animals, for it appears in fact to be in no way inferior to the pro- 
creative urge of a living being."] 

13. "Nun aber, was soil denn Beziehung heiBen im Leben des Tons und was soll hier 
wohl Intensitat des Sichauslebens bedeuten? Beziehungen des Tones sind seine Sys- 
teme. AuBert sich der Egoismus des Tones darin, daB er, hierin einem Menschen 
ahnlich, lieber uber seine Mittone herrscht, als daB er von ihnen beherrscht wird, so 
sind ihm zur Befriedigung dieser egoistischen Herrschsucht eben in den Systemen 
die Mittel zur Herrschaft geboten. Ein Ton herrscht uiber die andern, wenn er sich 
dieselben nach den in den Systemen geschilderten Verhaltnisse unterwirft." 
(Schenker 1906, ?38, pp. 106-107) ["But now, what does 'relationship' mean in the 
life of the tone and what in this context would be implied by the intensity of living 
life to the fullest? The relationships of a tone are its system. Once the egoism of the 
tone manifests itself in such a way that the tone (rather like a human) might rule 
over its fellow-tones rather than be ruled by them, then these very systems provide 
the means for satisfaction of this egoistic love of power. A tone rules over others 
when it subjugates them to the relationships outlined in the systems above."] 
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14. Robert Snarrenberg has recently pointed out what I would characterize as com- 
peting conceptual models in the usual translations of Schenker's terms (e.g., "fun- 
damental structure" for "Ursatz"); see Snarrenberg 1994, 45-52. 

15. ". . . all the foreground diminutions, including the apparent "keys" arising out of 
the voice-leading transformations, ultimately emanate from the diatony in the 
background." (Schenker 1979, ?4, p. 11) ["... ist doch alle Vordergrund-Diminu- 
tion, einschlieBlich der scheinbaren Tonarten aus den Stimmfuhrungsvervandlun- 
gen, zuletzt eben aus der Diatonie im Hintergrund erflossen." (Schenker 1956, ?4, 
p. 40)] 

16. "Ahnlich wie von Gott zum Geschopf zu Gott eine Fiihlungnahme waltet, stets 
ineinanderlaufend, stets gegenwartig, wirkt sich eine Fiihlungnahme auch zwis- 
chen Ursatz und Vordergrund aus als gleichsam einem Jenseits und Diesseits in 
der Musik." (Schenker 1956, 29). 

17. In the complete analysis Meyer actually adds two additional levels of hierarchy, 
although the sixth and final level is somewhat speculative. (Meyer 1973, 39) 

18. For more on constraint, including an empirical study of how conceptual models 
constrain people's accounts of electricity, see Gentner and Gentner 1983, the dis- 
cussion of Gentner and Gentner's work in Johnson 1987, chapter 5; and Gibbs 
1994, chapter 4. 

19. Eugene Narmour's recent attempts to map an atomistic hierarchy onto pitch have 
met with only limited success, and the application has not been widely adopted; 
see Narmour 1983-84. In some recent analyses Narmour reads musical structure 
as only quasi-hierarchical, and thus better dealt with in terms of networks; see 
Narmour 1990. 

20 My characterization of the Invariance Principle follows Turner's formulation, 
which runs as follows: "In metaphoric mapping, for those components of the source 
and target domains determined to be involved in the mapping, preserve the image- 
schematic structure of the target, and import as much image-schematic structure 
from the source as is consistent with that preservation" (Turner 1990, 254; empha- 
sis as in original); see also Lakoff 1990, 1993; Turner 1993). For another discus- 
sion of the Invariance Principle, see Saslaw and Walsh 1996. In early formulations, 
the Invariance Principle was called the Invariance Hypothesis; its earliest form is 
as the conceptual metaphor GENERIC IS SPECIFIC, which is presented in Lakoff 
and Turner 1989, chapter 4. 

21. What has been said for theories of tonal organization is also true of theories of 
hierarchical organization-that is, there are ways to characterize hierarchical 
organization other than the two historical models I have discussed here. For exam- 
ple, Cohn and Dempster 1992 treat hierarchies in terms of axiomatic logical mod- 
els; Lawrence Barsalou, in his overview of recent work in cognitive psychology, 
presents a less rigorous formalization of hierarchy, and distinguishes between tax- 
onomies and partonomies (Barsalou 1992, chapter 7). 
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