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This book by one of the leading researchers in the field of music 
psychology contains, for the most part, summaries of experimental 
studies published since 1978 in article or chapter form by the author 
and her various colleagues. Fundamental to their approach is the 
concept of schema, an abstract, typically hierarchical, mental model 
which develops unconsciously through sensory experience in a given 
domain, and which, in turn, informs and enhances perception and 
cognition in that domain (Gjerdingen 1988, Chapter 1). 

In the realm of music, Bharucha (1984) has drawn a distinction 
between two types of schematic models: event hierarchies and tonal 
hierarchies. Lerdahl provides a concise summary of each type: 

A tonal hierarchy is a nontemporal mental schema that 
listeners utilize in assigning event hierarchies to pitch 
sequences .... An event hierarchy, in contrast, is part of the 
structure that listeners infer from temporal musical 
sequences. 1 

The former category, which is the central concern of this book, 
includes models of relations between pitch classes, chords, and keys. 
The latter includes various reductions of a musical surface often found 
in the music-theoretical literature. 

In addition to documenting the psychological reality of tonal 
hierarchies, Krumhansl addresses the question of how they develop in 
listeners' minds. Her opinions on this topic will be summarized later, 
but Lerdahl provides a context in noting that "tonal and event 
hierarchies are interdependent developmentally. Exposure to real music 

lLerdahl, 1988b, 316. 
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is a prerequisite for internalizing a tonal schema, yet an event hierarchy 
cannot be constructed without such a schema. They 'bootstrap' one 
another into existence (Deutsch 1984)."2 For her audience Krumhansl 
appears to have aimed for the growing middle ground between music 
theory and cognitive psychology. Her ability to explain basic music
theoretical concepts with a minimum of technical jargon and musical 
notation should make this volume accessible to her colleagues in 
psychology. At the same time, musical scholars will find herein cogent 
explanations of basic theories and methods of cognitive psychology as 
well as useful surveys of recent work in various areas. 

It is doubtful, however, that the work of Krumhansl and 
colleagues will be revelatory to most music theorists, since it merely 
verifies basic concepts of pitch organization which have been accepted 
in their circles for decades, if not centuries. It does, however, 
demonstrate that schemata which model these concepts are part of the 
mental apparatus of practically anyone who has had extensive 
performing experience in music. Apparently this is the apparatus which 
most students possess as they begin formal training in music theory. 

Some musicians have criticized psychologists for expending 
considerable effort to prove theories which seem trivial or obvious 
(Walsh 1984, Hantz 1984, Slawson 1983, 1988). On the other hand, 
psychologists, and even other musicians, have criticized music theorists 
for their reliance on score study and introspection as methods of 
inquiry, and for their concern with models of musical structure whose 
psychological validity is open to question. It is the conviction that the 
psychological reality of theories of musical structure must be proven 
through tightly controlled experimental research that motivates the work 
under review, as well as the field of music psychology in general. 

In order to show the breadth and depth of Krumhansl' s work, and 
to provide an overview for readers who lack the time or inclination to 
study it carefully, I shall summarize the chapters in order and make 
critical comments as various issues arise. 

Chapter 1, "Objectives and methods," orients the reader to the 
fields of cognitive psychology in general and music psychology 

2Ibid., 316-317. 
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(Krumhansl's term) in particular. The goal of the latter is "to 
understand the interdependencies between the structured sound material 
of the music and the listener's capacity for apprehending and 
remembering relations among the sounded events" (4). In developing 
this theme, Krumhansl posits a distinction between the objective 
(external) musical stimulus and the subjective (internal) experience of 
music. Each of these categories is subdivided into attributes that can 
be perceived through listening and those that cannot. The focus of the 
investigation is then narrowed further to "that part of the musical 
experience that can be traced quite directly to objective musical 
structures," specifically, to "structural regularities" which listeners 
"may have abstracted and internalized from experience with a musical 
idiom .... Once acquired, this knowledge may serve as a framework for 
precisely encoding, organizing, and remembering new musical 
sequences written in the musical idiom" (5). 

Krumhansl goes on to characterize the orientation of cognitive 
psychology and to discuss problems associated with doing experimental 
research in music cognition. These include the selection of appropriate 
musical stimuli for experiments, the design of listening tasks which 
evoke responses or behaviors that can be recorded precisely, and the 
control of various properties of the stimuli. Her essay is highly 
recommended to music theorists who wish to gain an understanding of 
the music psychologist's perspective. 

The summary of experimental studies begins in Chapter 2, which 
is entitled "Quantifying tonal hierarchies and key distances." The 
author states four reasons for beginning at this point: 1) the simplicity 
and illustrative nature of the experimental method; 2) the fact that there 
are clear intuitions and theoretical predictions regarding this issue; 3) 
the opportunity to introduce techniques of data analysis (correlation and 
multidimensional scaling) which will be used again in subsequent 
studies; and 4) the possibility of drawing parallels between the results 
obtained here and those from other areas of human cognition and 
perception research. Regarding the last item, Krumhansl notes that 

Briefly, this general psychological principle is that 
particular perceptual and conceptual objects have special 
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psychological status.... The basic idea is that within 
categories certain members are normative, unique, self
consistent, simple, typical, or the best exemplars of the 
domain (sometimes called "prototypes' '). They are 
reference points to which other category members are 
compared. (17) 

To document this principle of "cognitive economy" she includes a 
brief summary of the work of Rosch, Goldmeier, and others. 3 

In reviewing the notion of an abstract tonal hierarchy in music 
theory, Krumhansl notes that in Meyer (1956) it takes on special 
psychological content. She also cites parallels between music
theoretical descriptions of and terms for the tonal hierarchy and those 
used for psychological reference points in other domains, contending 
that these "indicate the possibility that principles of organization 
applicable to music resemble those in other cognitive and perceptual 
domains" (20). 

To substantiate this parallel she summarizes two studies which 
utilized the probe-tone method to quantify the assumed hierarchy of 
tonal stability. Briefly, this method involves the presentation of a key
defining "context" (a scale, triad, or chord sequence) which is 
followed almost immediately by a single tone. The listener is typically 
asked to rate how well the probe tone fits with the context in a musical 
sense.4 In the first study the contexts were ascending or descending, 
incomplete C major scales (C4 ... B4 or C6 ... D5), and the probe 
tones were the 13 pitches of the chromatic scale beginning on C4 
(middle C). Listeners, who were "university students with diverse 
musical backgrounds" (21), were asked to rate how well the probe tone 
completed the scalar context. The results showed that those with the 

3For additional discussion see Lakoff (1987), Campbell (1989, Chapter 7), and 
Gjerdingen (1988). 

4Discussion of the probe-tone method can be found in Butler (1989), Krumhansl 
(1990), and Butler (1990). 
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least musical training emphasized the dimension of pitch height while 
those with more experience were more responsive to octave equivalence 
and the hierarchy of tonal functions. 

These results were replicated and extended in a second study 
whose experimental design differed in a number of ways: 1) the use of 
complete scales, tonic triads, or harmonic cadences as contexts; 2) the 
transposition of the these contexts to various major and minor keys; 3) 
the use of "circular" tones (Shepard 1964) to minimize overall pitch 
height differences and focus the listener's attention on the aspect of 
pitch class function; 4) the use of listeners who had a minimum of five 
years of formal instruction in music but little or no training in music 
theory; and 5) the provision of a number of practice trials at the 
beginning of each session and of each block which utilized a given type 
of context. 

The results of this experiment were highly consistent both for a 
given listener across various trials, and for various listeners across one 
trial. They were also congruent across the various keys and showed no 
strong influence of context type (scale vs. tonic triad vs. chord 
cadence) . Krumhansl presents the ratings for each pc in tabular and 
graphic form (see Table 1 and Figure 1, located at the end of this 
review) and notes that they "strongly confirmed the hierarchy of 
stability predicted by L. B. Meyer (1956)" (29). 

The author then uses these probe-pc ratings to derive a measure 
of interkey distance. In summarizing this problem she notes that the 
distance between major keys is represented by the "circle of fifths," 
but the introduction of minor keys, with their three scalar forms, 
complicates matters considerably. 5 She derives a measure of interkey 
distance by correlating the probe-tone ratings of each pair of the 24 
major and minor keys. The resultant values agree substantially with 

5Lerdahl (1988) has noted that the differences between the natural, melodic, and 
harmonic minor scales can be viewed "in terms of scale-degree voice-leading 
tendencies." Since "These are all context-dependent deviations within a natural
minor framework," it is appropriate to regard the natural minor scale as the basic 
form. 
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music-theoretical descriptions, but Krumhansl admits that her values 
were obtained by correlating rankings of the pcs within each key, rather 
than directly from the keys themselves. 

A spatial representation of interkey distance is then derived by 
subjecting this set of similarity values (the correlations between each 
pair of keys) to nonmetric multidimensional scaling (Friendly 1979). 
A four-dimensional model was found to represent the data most 
accurately; two dimensions were required to account for the circle of 
fifths, and two more to account for the parallel and relative major
minor relationships. A rectangular representation of this toroidal model 
can be seen in Figure 2. The chapter concludes with a brief 
comparison of Krumhansl's spatial model with Schoenberg's 
(1954/1969)6 charts of key regions and Werts's (1983) toroidal model. 

The question of how a tonal hierarchy becomes internalized arises 
for the first time in Chapter 3, where Krumhansl proposes to seek 
correlations for her pc hierarchies in certain objective properties of 
music. In pursuing this strategy she admits that "correlations cannot 
be taken to imply causal relationships. However, strong correlations 
between objective and subjective properties of music can suggest 
mechanisms through which stable internal representations might become 
established" (50). 

Correlation is first sought with the attribute of tonal consonance, 
which the author contrasts with musical consonance. (The former can 
be measured in absolute terms; the latter is relative and contextual.) 
Drawing upon six independent rankings of intervals, she normalizes the 
values within each, and plots these values against the tonal profiles for 
major and minor keys. After computing correlations between all six sets 
of interval rankings, and between each set of interval rankings and the 
major and minor tonal hierarchies, she concludes that 

6urdahl notes Schoenberg's model was originally proposed by Weber (1824). 
Because Weber's treatise "was well-known to German and Austrian musicians 
throughout the nineteenth century" Lerdahl surmises that "Schoenberg was aware of 
Weber's space but did not bother to attribute it," perhaps because his Structural 
Functions of Harmony was intended as a textbook and was assembled from notes after 
his death. 
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the relationships found between the tonal hierarchies and 
various theoretical and psychological measures of 
consonance are best described as only moderately strong. 
Regular, and in some cases, large discrepancies are seen. 
These findings suggest that, although the tonal hierarchies 
may have a natural basis in acoustical properties of tones, 
it is [they are] also shaped by other influences. (62) 

141 

In seeking other correlates, Krumhansl draws upon statistical 
studies 7 which provide summaries of pc distribution in various 
repertoires. Her correlations of the frequency distributions for the 
various pcs from each of these studies with the appropriate tonal 
hierarchies were generally high, but that for Hughes's (1977) study of 
Schubert's Moment musical, Op. 94/1 was the highest. For this 
Krumhansl offers two possible explanations. First, Hughes counted all 
of the pcs, not just those in melodic lines, and second, he summed their 
durations to reflect the relative emphasis upon each pc. Butler (1989) 
has noted significant problems in Krumhansl' s interpretation of 
Hughes's findings. Briefly, Krumhansl found that Hughes's pc 
distributions for the entire piece correlated most highly with the tonal 
hierarchy of G major. (The work is in ternary form with a sectional 
key scheme of C major, G major, C major, and thus, an overall key of 
C major.) Butler provides summaries of three short segments to show 
that pc distribution can vary considerably and that "the tone profile of 
an entire composition does little to describe the tones contained in any 

7Krumhansl acknowledges Cohen's (1962) concern that information-theoretical 
measures are crude and insensitive to specific musical characteristics, and that a 
number of the more technical assumptions of the theory may not be supportable. 
Nevertheless, she contends that "From the psychological point of view . . . the basic 
question remains as to whether the statistical properties of music are related in any 
way to how it is that we perceive music" (65). In support of this viewpoint she notes 
that "the literature on human and animal learning shows a high degree of sensitivity 
to frequency information, which is taken to be a fundamental mechanism through 
which learning occurs" (66). 
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single segment of the composition" (1989: 225). To this I would add 
that Krumhansl' s discovery of the work's dominant orientation is 
perhaps a bit naive. Music theorists have long acknowledged the 
significance of the recursive process of dominant preparation in the 
development of large-scale instrumental forms. Dominant orientation 
is a feature of numerous Classic and Romantic works, but it is revealed 
rather gradually and makes considerable demands on tonal memory. 
In contrast, Krumhansl seems to be primarily concerned with tasks that 
listeners perform effortlessly and within a relatively short time span. 

In concluding the chapter, Krumhansl notes that her tonal 
hierarchies correlate more closely with the distribution of pcs in tonal 
compositions than with measures of tonal consonance. To evaluate the 
relative contribution of each property she uses multiple regression to 
compare simultaneously the tonal hierarchy profiles with a composite 
of six independent ratings of tonal consonance, and with composite data 
on pc distribution. Pc distribution was found to be the most significant 
variable for both the major and minor-key profiles. Tonal consonance 
contributed considerably less to the major-key profile and 
insignificantly to that for minor keys. From these results the author 
concludes that tonal hierarchies must be formed primarily through 
learning. Listeners are sensitive to the relative frequency and durations 
of various pcs and they utilize this information to construct schemata 
of tonal stability. 

Chapter 4 is primarily a discussion of a computer algorithm for 
determining the key of tonal-harmonic works. After surveying various 
approaches to the key-finding problem from the literature on artificial 
intelligence, Krumhansl describes hers, which she terms distinctive in 
that it is based directly on psychological data. 

Briefly, Krumhansl' s algorithm accepts as input a 12-dimensional 
vector which contains the summed durations of each pc in a musical 
segment. It correlates this vector with the tonal profile of each of the 
24 major and minor keys (the data from Table 1 transposed to each pc 
level) and outputs a 24-dimensional vector which indicates the relative 
strength of each key. Essentially then, the algorithm "is a measure of 
the degree to which the durations of the tones [pcs] in the input 
segment match the tonal hierarchy of each key" (80). Because the 
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degrees of freedom for each correlation is constant, the results are not 
influenced by the size of the musical selection on which the input is 
based, although very brief selections' 'would probably produce unstable 
results" (80). 

Krumhansl tests the algorithm in three applications. First, she 
applies it to the initial four-note segments of the 48 preludes from J. S. 
Bach's Well-Tempered Clavier and compares the results to those from 
an unpublished listening study by Cohen. She also applies the 
algorithm to initial four-note segments of the 24 preludes of Chopin and 
Shostakovich in order to evaluate its ability to cope with different 
musical styles. 

The program was most successful in determining the key of the 
Bach preludes, more successful, in fact, than Cohen's subjects. It had 
more difficulty with the Shostakovich fragments, but it was always able 
to select the proper key region. Performance with the Chopin excerpts 
was even less satisfactory, although far better than chance. These 
successes could, however, be attributed to the fact that nearly all of the 
preludes began with the tonic triad. The' 'unstable results" predicted 
above would have certainly been produced from works with nontonic 
beginnings, especially if the input segments were limited to only four 
notes. 

The second application was designed to show how the algorithm 
would perform with longer input segments. To facilitate comparison 
with an algorithm proposed by Longuet-Higgins and Steedman (1971) 
the author chose fugue subjects by Bach and Shostakovich. At issue 
here was not only whether either algorithm could determine the proper 
key, but how quickly it could do so. Krumhansl's algorithm was 
considerably faster than that of Longuet-Higgins and Steedman, 
requiring an average of 5.11 notes as opposed to 9.42 for theirs. It 
was also quite successful in determining the correct key for the 
Shostakovich fugue subjects, although its performance on this task was 
not compared to that of another program. 

For the third and final application Krumhansl chose the entire 
Prelude in C minor from Bach's WTC II and compared the algorithm's 
judgment for each of the prelude'S 28 measures with that of two music 
theorists. Both analysts found multiple key implications of varying 
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strengths in several measures of the prelude. To summarize their 
judgments and facilitate comparison with that of the algorithm, 
Krumhansl and her colleagues used the toroidal representation of key 
relations shown in Figure 2. Through an involved computational 
process they were able to model and plot the analysts' judgments and 
those of the algorithm for each four-measure segment. 

The author concludes this chapter by speculating on the prospects 
for including other kinds of data to sharpen the algorithm's judgment. 
Possibilities considered include indicating the temporal order of pcs, 
assigning greater weight to the rarer intervals within the diatonic scales, 
acknowledging structurally significant chords and conventional chord 
cadences, and incorporating aspects of the rhythmic and/or metrical 
structure. 

The problem addressed in Chapter 5 is that of quantifying 
perceived relations between tones (pcs) in a tonal context. The central 
experiment described here uses a variant of the probe-tone method. 
Each trial began with a strong key-defining unit followed by two tones 
presented in succession. Listeners were asked to rate how well the 
second tone followed the first in the context provided. Their ratings of 
each possible ordered pair of pcs were taken as measures of the 
perceived relatedness or similarity of that pair. These data were 
analyzed to uncover influences upon the listeners' judgments. 

To establish a framework for the discussion of tonal relations 
Krumhansl reviews recent attempts to construct geometric 
representations for musical pitch relations, 8 noting that although the 
various models have intuitive appeal, they have not been subjected to 
a comprehensive empirical test. In this regard, she questions the 
implicit assumptions of such models, one of which is that pairs of 
pitches that form the same interval will be perceived as equidistant 
from each other. She also notes that all intervals of equal size (as 
measured in semitones) are not perceived as equal when the tones are 

8For additional surveys see Shepard (1982) and Lerdahl (1988b). Slawson 
(1983: 124) discusses the limited use of Shepard's models to musicians and musical 
scholars. 
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heard in tonal contexts. Rather, the degree to which listeners judge 
two pcs as related depends on the position of individual tones in the 
tonal hierarchy of the key. 

This is certainly true, but the position of pcs and the size of 
intervals should be described in terms of the alphabets which are 
relevant to tonal-harmonic music. 9 Krumhansl's model implies 
enharmonic equivalence of pcs and intervals, which does not hold for 
tonal music. In addition, she notes that statistical studies of tonal music 
indicate that intervals of equal size (as measured in semitones) are not 
treated equivalently in composition. Instead,' 'the relative frequency 
of [various] intervals depends not only on the interval size per se, but 
also on the roles of the tones [pcs] in the key context" (121).10 

In the experiment that attempted to measure tonal (pc) relations, 
Krumhansl used essentially the same approach as that for establishing 
the tonal hierarchy (see Chapter 2). After a key-defining context which 
established one of four keys (C major, C minor, F sharp major, and F 
sharp minor), listeners heard two circular tones and were asked to rate 
on a 7 -point scale how well the second tone followed the first in the 
context provided. All possible ordered pairs of 12 pcs were used (132 
ordered pairs with repeated pcs excluded). Preliminary analysis showed 
that the rating for a pair of pcs increased to the extent that the pcs had 
high positions in tonal hierarchy, but the influence of second pc was 
stronger than that of the first. This suggested that a geometric 
representation of the data would have to be irregular with intervals of 

9For formal descriptions of these alphabets see Deutsch and Feroe (1981) and 
Lerdahl (1988). Marra (1986) critiques the former study and develops his own 
informal model for a functional theory of chromaticism. 

l<lrro support this assertion she cites a study by Knopoff and Hutchinson (1978) 
which found that in fugue subjects of J. S. Bach's WTC "the majority of ascending 
fourths are leaps to the dominant or tonic, and that most descending fifths are returns 
to the tonic" (121). This fact is, of course, obvious to anyone who has studied 18th
century counterpoint, or even to anyone who understands the tonal function of a fugue 
subject. With regard to the latter, see Renwick (1991). 
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equal (semitonal) size represented by unequal distances. 
Multidimensional scaling was used to see whether the data could be 
modeled with a low-dimensional spatial configuration, and a moderately 
good fit was found for a 3-dimensional conical model. 

In a final analysis, Krumhansl used mUltiple regression to assess 
the relative importance of various variables suggested by the analyses 
presented so far and by the geometric models described. Variables 
considered were the tonal function of each of the two pcs, and three 
measures of the distance between the pcs: steps around cycle 1/ 11 
(Rahn's unordered pc interval), steps around cycle 5/7, and steps 
around cycle 4/8. Only the first four of these five variables showed a 
consistent effect; distance around the 4/8 cycle was not a significant 
contributor. Krumhansl concludes that "Perceived pitch relations are 
a joint function of certain invariant structural features that can be 
summarized in geometrical terms, and a contextually dependent 
component-the tonal hierarchy-that relates the individual tones to a 
prevailing tonal organization" (134). 

In Chapter 6 the author considers some principles which emerge 
from the empirical findings reported thus far. She begins by providing 
a context, that of Gestalt theory, for the ensuing discussion. For 
Krumhansl tonality is a kind of Gestaltqualitat, a whole that emerges 
from the sum of its parts and that governs the conception of those 
parts. Her three principles concern the psychological distance between 
any two elements (in this case, pcs or chords) which are presented in 
a tonal context. 

The principle of contextual identity asserts that the psychological 
distance between two instances of a pc is smaller (or the sense of 
identity is stronger) for more stable pcs which are more normative, 
more consistent with the whole, and more resistant to change in the 
memory trace. This principle is evaluated by using two measures: the 
stability of individual pcs (from the studies of Chapter 2), and memory 
studies (Krumhansl 1979). Results of the memory studies showed that 
"Listeners were least sure of their judgments [concerning identity] for 
nondiatonic tones" (145). This may have been due, however, to the 
fact that the nondiatonic tones in her sequences did not always function 
like they would in a typical tonal context (e. g., see her Figure 6.1, p. 
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145). 
The principle of contextual distance asserts that the average 

psychological distance between two different pcs decreases as the 
stability of each pc within its tonal context increases. High ranking pcs 
will be heard as more closely related than low ranking pcs. Evidence 
for this principle is cited from experiments described in previous 
chapter, in which higher ratings were given to pairs of pcs that are 
more stable, and from a memory study by Cuddy, Cohen, and Miller 
(1979). Because that study tested listeners' ability to discriminate 
between diatonic scale tones and between diatonic and chromatic tones, 
Krumhansl states the principle more generally: "the psychological 
distance between different diatonic tones is less than the distance 
between diatonic and nondiatonic tones" (149). 

The third principle, contextual asymmetry, asserts that the 
difference between the two ordered intervals formed by pcs a and b 
increases as the stability of a increases and as the stability of b 
decreases. Thus, the psychological distance depends on the temporal 
position of the pcs. If a is followed by b, the effect may be different 
than if b is followed by a. If a is relatively stable and b is relatively 
unstable, then the distance from a to b will be greater than that from 
b to a. Support is again cited from the experiment described in Chapter 
5 as well as other studies. Krumhansl notes that "these findings fit 
nicely with the Gestalt notion of singularity of elements within a whole. 
Individual tones within tonal contexts are perceived as more or less 
stable, normative, or consistent with the tonality. This has the 
consequence that certain elements are better remembered, are less often 
confused with other-less stable-elements, and are preferred in final 
positions" (152). 

In the final section of this chapter Krumhansl considers musical 
phenomena that are consistent with other aspects of Gestalt theory, 
reviewing, in the process, several studies on grouping and segmentation 
and noting that Gestalt principles of grouping have been incorporated 
into theories of music. Some of these principles "appear to operate 
quite independently of the musical training of the listeners, and parallels 
with language and visual perception suggest that these kinds of 
principles are quite general"(162). Admitting that "less is known 
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about the structural characteristics that contribute to the coherence of 
melodic sequences and that govern the perceived similarity between 
sequences" she asserts, however, that it is expected that tonal 
sequences would be heard as "better organized, self-consistent, and 
regular" than non-tonal sequences (162), and she cites a number of 
studies which confirm this prediction. 

Chapter 7 summarizes two experiments that attempt to measure 
"the hierarchy of structural stability that a tonal context induces on the 
set of chords [triads] of different types built on all chromatic scale 
steps" (165). These experiments were patterned after the probe-tone 
experiments reported in Chapter 2. Each trial began with a strong key
defining context followed by a single triad. Listeners were asked to 
rate how well the triad fit within the context. 

In the first experiment the context was either a C or F sharp 
major or melodic minor scale played ascending and descending. 
Circular tones were used for both the context and the probe chord to 
minimize the effect of voice leading and chord inversions. A context 
was followed by one of 48 root position triads (4 triad types in each of 
12 transpositions). In the second experiment the context consisted of 
a descending fifths harmonic sequence followed by one of 36 root
position major, minor, or diminished triads. (Augmented triads were 
omitted because they received consistently low ratings in the first 
experiment.) Listeners' ratings of the various triads were highly 
consistent across the different key contexts and modes, although major
mode ratings were more consistent than minor-mode. These data were 
analyzed to determine the variables governing listeners' responses. 

The first analysis considered whether listeners gave higher 
rankings to triads of a given sonority type. The order of preference for 
both contexts was found to be major, minor, and diminished, but these 
differences were less pronounced in minor-key than in major-key 
contexts. In trying to explain this effect on the basis of tonal 
consonance, Krumhansl correlated theoretical dissonance values for 
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each chord typell with her findings and noted that her results were not 
explained well by these measures. 

Another analysis considered whether diatonic triads received 
higher ratings than those which included chromatic pcs. The 
correlation between her listeners' goodness-of-fit ratings and diatonicity 
was found to be only moderately strong. This was explained on two 
grounds: the diatonic vs. non-diatonic classification scheme may be too 
coarse; 12 or the large effect of triad type may have masked a 
relationship between the ratings and the two-fold classification. To 
cope with the second possibility, the data were normalized for triad
type and these values were correlated with the variable which indicated 
diatonicity. These correlations were significant for both major and 
minor-key contexts. Thus, when the masking effect of triad type was 
eliminated, diatonic triads of a given sonority type were found to 
receive higher ratings than non-diatonic triads of the same type. 

Krumhansl also considered whether the ratings of a specific triad 
could be predicted by the rating given that triad's component pcs in the 
tonal hierarchy of the context key. This analysis asks, "To what extent 
are the tonal and harmonic hierarchies related or independent?" Using 
data from the first probe-tone study (see Table 1), she computed a 
composite rating for each chord by averaging the ratings for its 
component pcs. These ratings were then correlated with the non
normalized chord rating data. The correlation was significant for both 
the major- and minor-key contexts, but the value for the minor-key 
context was considerably higher than that for the major-key context. 
However, when chord rating data were normalized for triad type, both 

llThese values do not agree with music-theoretical rankings which, of course, 
are based on practice. For example, the major 6/4 chord is rated as significantly 
more consonant than the major 5/3. 

12 A three-fold scheme might be more appropriate: 1) all 3 pcs diatonic, 2) root 
diatonic but containing non-diatonic 3rd and/or 5th, 3) root non-diatonic. In addition, 
Krumhansl's classification did not account for variable triad types in the minor mode; 
she classified IV, v, and VII as non-diatonic. 



150 Indiana Theory Review Vol. 13/1 

correlations were very high. Thus, listeners gave consistently higher 
ratings to triads whose component pcs were ranked higher in the tonal 
hierarchy. 

Since there was a strong correlation between the probe-tone 
ratings for pcs and the relative frequency of those pcs in tonal 
compositions, there should also be a high positive correlation between 
probe-chord ratings and pc frequency. To assess the relative predictive 
power of these variables Krumhansl used multiple regression with the 
non-normalized and normalized data. The multiple correlations were 
all highly significant (see her Table 7.6), but the strongest predictor by 
far was the average ranking of a triad's component pcs in the tonal 
hierarchy of the context key. 

These results suggest that, in rating the various triads, listeners 
utilized their knowledge of diatonic scale structure. To further reveal 
the extent of this knowledge, Krumhansl ranked (only) the diatonic 
triads according to their probe-chord ratings. Her rankings agree rather 
well with music-theoretical predictions, but the ratings in minor show 
an influence of sonority type. 

It would appear that the utility of this ranking (see her Table 7.7, 
p. 178) is limited because it does not include ratings given the IV, v, 
and flat-VII chords in minor-key contexts. These have been added in 
my Table 2 where one can see that, while III and VI were rated quite 
high in minor, IV and flat-VII were in the same range, and the rating 
given v was higher than that for iiO and viio. Krumhansl notes, 
however, that the similarity of the rankings for both the major- and 
minor-key contexts substantiates the music-theoretical notion that triads 
sharing the same root have analogous harmonic functions in their 
respective modes 

These ratings for diatonic triads were correlated with other 
variables (see her Table 7.8) including a study by Budge (1943) of 
chord frequencies in representative works of Western art music from 
1700 to 1875. From these correlations Krumhansl concludes that 
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With the exception of the IV chord,13 the relative rankings 
in the experiment of the seven chords agreed quite well 
with their frequency of occurrence in the sample of 
compositions. This suggests that the ratings given by 
listeners to the chords reflect their structural significance in 
tonal music as measured in global statistical distributions. 
Moreover, the agreement suggests the relative frequency of 
chords in the listeners' musical experience may have 
initially shaped the form of the perceived harmonic 
hierarchy. (181) 
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Perusal of Budge's study reveals that although its author went to 
considerable lengths to insure the reliability of her chord counts, they 
are, nevertheless, flawed by a reliance on musically inappropriate 
sampling techniques and an incomplete and outdated approach to 
harmonic analysis. Budge did not analyze chromatic chords in detail, 
nor did she acknowledge the dual function of pivot chords in 
modulations. In addition, she ascribed harmonic function to all 6/4 
chords and counted cadential 6/4 chords as tonics, rather than 
dominants. 

Krumhansl compiled her Table 7.9 by summing the frequencies 
in Budge's Tables IX and X. Those tables show the relative frequency 
of diatonic chords in major and minor mode contexts respectively. 
They do not account for the substantial number of diatonic chords 
which occurred in contexts which Budge described as "mixed-mode," 
or for the percentage of which were deemed chromatic regardless of 
mode. As my Table 3 shows, these two categories account for 29.31 
percent of the chords that Budge counted. Inclusion of these chord 
categories might lessen the high correlation (.997) which Krumhansl reports. 

13IV chords were rated higher by Krumhansl's listeners than Budge's statistics 
would predict. Krumhansl offers two explanations for this anomaly: the relative 
frequency of V chords may have been inflated by inclusion of seventh and ninth 
chords in the sum, and listener's ratings of the IV chord may have been influenced by 
the fact that was the logical continuation of the diatonic circle-of-fifths sequence 
which was used as the context. 
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More problematic, however, are the tacit assumptions that 
Budge's harmonic analyses represent current music-theoretical thinking, 
and that they are psychologically valid. Rather than seeking 
corroboration in such outdated studies it would seem more worthwhile 
to investigate the perception of harmony in actual musical excerpts. 
What, for example, are the minimal conditions for perceiving root 
movement? How are these conditions affected by aspects of voice 
leading, tempo, texture, register, and harmonic idiom? Answers to 
such questions might lead to more credible corroborations and, 
ultimately, to a system of harmonic analysis that is more firmly 
grounded in basic principles of musical cognition. 

In the final analysis of this section Krumhansl correlates Budge's 
data with pc distribution studies. In doing so, she poses the question 
of whether the relative frequencies of diatonic chords can be predicted 
by the frequencies of their component pcs in melodic lines. These 
correlations, which were nearly significant, lead her to assert that these 
values "again reflect the interdependency between melodic and 
harmonic processes in music of this style" (182). 

This claim seems overstated. Frequency distributions of singular 
elements of a melodic or harmonic vocabulary indicate very little about 
processes because processes are defined primarily by the temporal 
ordering of their elements (Brown 1988, Narmour 1990). None of these 
sets of data indicates how melodies or harmonic progressions begin, 
continue, and end, or even how one element succeeds another. Tonal 
harmony and melody are certainly interrelated, but Krumhansl has 
reduced such relationships out of existence. By using circular tones in 
her experiments she obviates voice-leading and melodic contour, the 
melodic aspects of harmony. Furthermore, her reliance upon crude 
measures of relative pc frequency in melodic lines avoids the question 
of how melodic pitches relate to their underlying harmonic and metric 
frameworks. 

The final section of this chapter is concerned with the statistical 
derivation of key distances from harmonic hierarchies. Krumhansl 
reasons that, since a key context imposes a hierarchy on a set of 
chords, the chord hierarchies of closely-related keys should be similar. 
Her method for verifying this hypothesis is analogous to that used in 
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Chapter 2 for deriving a key map from the pc hierarchies. 
Chapter 8 parallels Chapter 3 in its concern with the degree of 

relatedness between two elements in a tonal context. In the first section 
Krumhansl describes two experiments in which listeners heard a major 
or minor scale followed by two chords. They were asked to rate how 
well the second chord followed the first in the context established by 
the scale. 

The first experiment used the diatonic triads of three closely 
related keys: C major, A minor, and G major. The triads of A minor 
were based on the harmonic minor scale, which means that the major 
triads ill and VII were excluded. Listeners heard an ascending scale 
in one of these keys followed by a pair of triads. This procedure 
generated a matrix of ratings for all possible pairs of triads. 

The data were analyzed to produce a spatial configuration (see her 
Figure 8.1) which shows how the triads of a given key and those of the 
more closely related keys (C major and A minor, C major and G 
major) are mQre proximate than the triads of less closely-related keys 
(A minor and G major). This observation would not hold, however, 
if Krumhansl had identified all of the possible triads of A melodic 
minor as shown in my Figure 3. 

The second experiment used diatonic triads of two distantly 
related major keys: C major and F-sharp major. The listener's task was 
the same as before, but the authors included a condition in which pairs 
of chords were not preceded by a key-defining scale context. This was 
done "to evaluate whether the chords of this set would separate 
according to their functions in the two keys even when no context was 
provided" (191). 

The matrix of ratings was again analyzed with multidimensional 
scaling which showed that the diatonic chords of each key formed 
clusters with those of C major on one side and those of F-sharp major 
on the other side. In addition, the primary triads of each key formed 
relatively compact subsets. In interpreting this figure (her Figure 8.2), 
Krumhansl does not acknowledge the influence of root sharing: the IV 
and viio triads of opposite keys differ in quality but share the same root, 
and they are the closest of any pair of triads from different keys. 

In her summary, the author contends that' 'these two experiments 



154 Indiana Theory Review Vol. 13/1 

confirmed the prediction that key structure influences perceived 
harmonic relations. . . . Listeners made fine discriminations between 
chords according to the keys in which they function" (191). 
Discrimination might not have been so fine, however, if all possible 
triads of the melodic minor scale had been used. 

Krumhansl contends further that the second experiment showed 
that "Even in the absence of any [scalar] context at all, chords of two 
different keys were judged as less related than chords of the same key" 
(191). This assumption-that an experimenter is able to control 
conditions sufficiently to prevent the establishment of any tonal 
context - seems unwarranted. 14 It seems quite possible that her 
listeners may have perceived those chords in a tonal context, perhaps 
one established by the previous pair of chords, even though one was 
not explicitly provided. 

The focus in the next section turns to perceived harmonic 
relations of the diatonic triads with a tonal context. To address this 
question Krumhansl uses data from the second experiment described 
above, specifically the condition in which listeners heard a IV -V-I 
cadence in C major or F-sharp major followed by an ordered pair of 
triads which were diatonic to either key. 

Analysis of these data showed a definite preference overall for 
two-chord sequences which ended on the I or V chord of either key. 
In fact, the overall ratings depended quite strongly on the ranking of 
the second chord. Listeners also tended to prefer pairs which began on 
a higher ranking chord. A multiple correlation was run to determine 
whether the rating of a given pair of chords could be predicted by the 
rating of each chord, and the result was highly significant. The 
harmonic function of each chord contributed to the overall rating of the 
pair, but the influence of the second chord was twice that of the first. 

Multiple correlation with Budge's chord frequency data was also 
highly significant "indicating that pairs of chords receiving the highest 
ratings were those that occur most frequently in the sampling of tonal 
compositions" (194). This is slightly misleading: Krumhansl does not 

14See Butler (1991) and Thomson (1988). 
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mention that Budge did not compute the frequency of ordered pairs of 
chords, only that of individual chords. 

In seeking further corroboration for the harmonic hierarchy, 
Krumhansl compares her findings to Piston's table of usual root 
progressions. Piston (1978: 21) expressed this information in 
qualitative terms, but Krumhansl quantified these relations and 
correlated the resultant values with her harmonic hierarchies, thus 
obtaining highly significant results. 

In the next section Krumhansl summarizes two experiments which 
"tested the idea that the degree to which chords are heard as related 
depends on the tonal context in which they are embedded. If varying 
context systematically changes perceived harmonic relations, then it 
supports the idea that harmony and key are strongly interdependent" 
(195). Listeners heard a context (IV-V-I) cadence in one of five major 
keys (C, G, A, B, and F-sharp) followed by an ordered pair of diatonic 
triads from C major, F-sharp major, or both keys. As before, they 
rated how well the second triad followed the first in the context 
provided. 

Analysis of ratings of pairs of triads from the same key showed 
"regular distortions in the spatial configurations when different keys 
were established by the context. . . . the perceived relations between 
chords were strengthened when they appeared in a context key in which 
they are diatonic or in a closely related key" (196). This effect is 
explained by the contextual distance principle. Furthermore, ratings of 
pair of triads from different keys depended on the order in which the 
two chords were presented: "listeners generally preferred two-chord 
sequences in which the final chord of the pair was a diatonic triad of 
the context key or a closely related key" (197). This effect is 
described by the contextual-asymmetry principle. Finally, the effects 
of context key on chord ratings were so regular that it was possible to 
recover the circle of fifths for major keys from the data. This was 
done by intercorrelating the matrices of chord ratings and subjecting the 
results to multidimensional scaling analysis. 

The section entitled "Key structure and memory for chord 
sequences" summarizes three experiments that employed a recognition 
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memory paradigm 15 in which listeners were asked to compare two 
sequences of seven or eight chords. The chord sequences were 
constructed by a computer algorithm which arranged diatonic triads 
(from the set I-VI) into sequences that ostensibly conformed to the 
typical diatonic progressions listed by Piston. 

The results of the first experiment were complex, but generally 
showed that' 'musically trained listeners made relatively frequent errors 
in recognizing short chord sequences" and that "they relied heavily on 
tonal organization in making their judgments" (203). Tonal sequences 
were better remembered, in general, than sequences not conforming to 
tonal structure. Nondiatonic elements were difficult to recognize and 
tended to be confused with more stable, diatonic elements. Finally, 
stable elements were frequently confused with one another. 

The following section reports on an experiment in which listeners 
heard two chord sequences each consisting of seven triads in one of 
four keys: C, G, A, or B. Their task was to judge whether the 
"target" chord, which always appeared in the fourth serial position, 
was the same in both the standard and the comparison sequence. 
Target chords were chosen from the diatonic triads I -vi of C major and 
F-sharp major. The results showed that "the key of the context had a 
marked and regular effect on recognition of target chords .... In each 
case, these effects were regular functions of key distance, providing 
very strong support for the interdependency between the perceived 
harmonic functions of chords and structure and the level of musical 
keys" (206-207). 

The third experiment explored the dynamic processes which are 
involved in remembering a sequence of chords. The methodology was 
similar to that of the two previous experiments in that listeners heard 
two chord sequences, a standard and a comparison, consisting of eight 
chords. The sequences were unambiguous as to key, but they differed 
in terms of one chord which was always located in serial position 3, 4, 
5, or 6. Some sequence pairs consisted entirely of diatonic chords; 

15The use of this paradigm in studies of melody recognition is discussed in Hantz 
(1981). 
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others contained one chromatic chord, but it was never the changed 
chord. Listeners were asked to indicate the serial position of the 
changed chord. 

Results showed that "In general, far more errors occurred when 
the sequence contained a single nondiatonic chord than when the 
sequence was completely diatonic. The majority of these errors were 
such that the nondiatonic chord was incorrectly judged to be to the 
changed chord. . . " (208). A more plausible explanation would be 
that the nondiatonic chord did not make sense in most of the conditions. 

Table 4 is a modification of Krumhansl's Table 8.6 in which I 
have superimposed the chord symbols for ease of comparison and 
provided parenthetical comments about the ways in which some 
sequences do not conform to the syntax of tonal harmony. If it is 
possible for listeners to internalize hierarchies of pcs or chords, then it 
is reasonable to assume that they can internalize rules of syntax as well. 
(They do so for their native language.) If so, they might be prone to 
regard an anomalous chord as the one that was changed. With regard 
to recognition of the chord that was actually changed, Krumhansl notes 
that "Errors occurred most frequently in serial positions immediately 
preceding and following the chord that was actually changed, and 
decreased quite symmetrically with distance from the changed chord" 
(209). This could be explained by noting the proximity of the changed 
chord to the nondiatonic chord, which may have had a disruptive effect. 

I do not dispute Krumhansl' s general contention that her results 
support the view that "individual chords in the sequences are encoded 
with respect to both preceding and subsequent events" (210) and more 
generally, that "music perception is a dynamic process in which each 
event is encoded in terms of its relation to other events in its temporal 
context" (210). I contend, rather, that her musical examples and her 
specific explanations are not sufficiently well grounded in the grammar 
and syntax of tonal harmony. To cite just one example, Krumhansl 
notes that the computer algorithm that generated these chord sequences 
utilized Piston's table of usual root progressions (1978: 21). Although 
Piston's table indicates that V is sometimes followed by IV or VI, it 
does not show that IV in such cases is nearly always represented by 
IV6

• Piston illustrates this progression much later in his discussion of 
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the various forms of deceptive cadences. 16 Krumhansl's understanding 
of tonal harmony would be enhanced by a closer reading of Piston as 
well as by an acquaintance with more recent texts (notably Aldwell and 
Schachter 1989) that stress the functional equivalence of chords that 
share the same bass note (e. g., vi and Iy6) , as opposed to the same 
root. 

In a final section, entitled' 'Parallels between perceived tonal and 
harmonic structures," Krumhansl interprets results from this chapter 
and the preceding chapter. She provides a table summarizing the 
parallels "between the way tones [pcs] and chords [root-position major 
and minor triads] enter into perceptual relations" (210). Her primary 
assertion is that 

For both tones and chords, tonal contexts establish well
defined hierarchies of stability or structural significance. 
The experimentally quantified hierarchies are generally 
consistent with music-theoretical predictions. These 
hierarchies are multi-leveled including, but not limited to, 
the distinction between diatonic and nondiationic elements. 
The hierarchical differential of tones and chords seems to 
reflect a general tendency in perception and cognition to 
encode, name, and remember elements in terms of their 
relations to a few stable, psychologically central reference 
points. (210) 

In Chapter 9 Krumhansl reports on several experiments which 
used the probe-tone technique with more complex musical contexts. 
The first experiment was concerned with how a listener initially 
develops a sense of key and assimilates modulations to new keys. Ten 

16See Example 12-23, p. 193. Furthermore, Piston discusses the tritone false 
relation which presents problems for the V-IV progression, on p. 33. 
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different chord sequences were used.17 Two of these sequences did 
not modulate; eight others did modulate to keys whose distance from 
the original key varied. Contexts consisted of each sequence presented 
in segments of increasing length (chord 1, chords 1-2, chords 1-3, etc.) 
Thus, listeners apparently heard 90 contexts (10 sequences of 9 chords) 
each of which was followed by 12 probe pcs which they rated for 
stability at that point in the sequence. (It is hard to believe that their 
ratings would not show the influence of fatigue under such taxing 
conditions.) Each of the 9 rating profiles was correlated with the tonal 
hierarchy for each of the 24 major and minor keys. This produced a 
measure of the strength of each possible key interpretation at each stage 
of a chord sequence. Various analyses were then performed on this 
data. 

For the non-modulating sequences the correlations were quite 
high, and they tended to increase over time, showing that a key was 
well established even before its tonic triad was heard. Rating profiles 
for the various triad types were correlated with the tonal profile of the 
intended key to show the degree to which a single triad of a given type 
and root influenced the perception of the overall tonic key. Results 
showed that listeners were abstracting a sense of key from a series of 
chords and not from individual chords. 

These data were also subjected to multidimensional unfolding, a 
technique of analysis which "finds a point on the torus representation 
of keys that expresses the relative strength of each possible key 
interpretation at each position in the chord sequence" (219). Results 
showed that a listener's sense of key changes as events occur which 
imply another key. When two keys are closely related, listeners make 
a smooth transition through the common chord(s}, but when keys are 
more distantly related, they tend to retain their sense of the original key 
as long as possible before making an abrupt shift to the new key. 

The second and final section of this chapter describes experiments 
which used as contexts segments of the famous "poly tonal" passage 

17It is assumed that the penultimate chord in the last sequence (see Table 9.1) 
should be G sharp major rather than G sharp minor. 
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from Stravinsky's Petrouchka. 18 Krumhansl notes that this passage 
has more recently been analyzed by Berger (1968) and van den Toorn 
(1983) as having an octatonic basis. Her description of the octatonic 
scale as "the combination of two diminished triads: C, DUIEb, FUIGb, 
A; and CUIDb, E, F, AUIBb" (229) might mislead readers who are not 
music theorists. It would be more appropriate to note that the scale has 
two forms which can be produced by combining any two of the three 
diminished sevenths (interval cycles 3/9). 

The basic question was whether listeners can perceive two 
implied tonalities, and if so, do they hear them as separate and 
independent, or as fused. To address this issue the investigators 
devised an ingenious combination of probe-tone experiments as well as 
divided and selective attention tasks. After considerable 
experimentation and analysis they concluded that two groups of 
listeners were unable to perceive the segments in terms of two abstract, 
independent tonalities. Instead, the melodic lines fused into a single 
percept. This finding corroborates other research that documents the 
tendency for two voices to fuse into a single perceptual stream when 
they are close in pitch and synchronous in time. Krumhansl also notes 
that, in addition, listeners may have difficulty perceiving two keys 
when the tonal hierarchies of those keys are in maximal conflict. In 
such cases, the stable pcs in one key are unstable in the other key, and 
neither hierarchy gets established. 

In a final experiment, the octatonic scale was used as a context 
in a probe-tone experiment in order to determine how well the ratings 
of its various pcs would predict ratings for the Petrouchka excerpts. 
Using data from all of the previous experiments in regression with the 
probe-tone ratings from the octatonic scales, Krumhansl concludes that 
the octatonic scale did not account for the ratings. She admits, 
however, that this scale had been presented in a musically neutral form, 

18Rehearsal 49 in the Norton Critical Scores edition. This passage was 
segmented into two sections: Section One, mm. 1-7; and Section Two, mm. 8-12. 
The musical examples of these sections should have a treble clef for the lower staves 
(see Fig. 9.12, p. 229). 
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and that such a context may not have been rich enough to evoke the 
same cognitive structures as the musical excerpts themselves. 

A final analysis used Van den Toorn's partitionings19 to derive 
a crude hierarchy of pcs for the relevant octatonic collection. This 
profile was regressed against the probe tone data obtained from all four 
experiments and it fit quite well. The value in each case was higher 
than that obtained from the regression of the probe-tone data against the 
tonal profiles of C major and F sharp major. As a result, it was 
concluded that Van den Toorn' s model is the most satisfactory account 
of the passage. 

Chapter 10 reports on three studies that attempted to provide 
information on how structural differences affect perception, to assess 
the role of prior experience, and to identify strategies for listening to 
unfamiliar music. 

The first set of two experiments used excerpts from Schoenberg's 
Wind Quintet, Op. 26 and Fourth String Quartet, Op. 37. To orient 
her readers, Krumhansl describes the basic features of serialism (see 
Chapter 6 for her review of studies testing the perception of serial 
operations) and discusses the hexachordal structure of each set. 

The first experiment used eight contexts: pcs 1-3, 1-6, 1-9, and 
1-12 of Op. 26 series, and the corresponding segments of Op. 37 
series. The row segments were played as circular tones of equal 
duration. Listeners were musically trained, but they had varying 
degrees of experience with atonal music. More than half had an 
undergraduate degree in music; some had graduate-level coursework. 

Preliminary analysis of the data showed that listeners could be 
grouped into two categories: Group 1 which included those with more 
training (all of the graduate students were in this group) and more 
experience with atonal music, and Group 2 which included those with 
less experience and academic training. Group 1 listeners tended to give 
lower ratings to pcs that had already been sounded and higher ratings 
to pcs that had not yet been sounded (in partial statements of the row). 
In fact, they gave the lowest ratings to pcs that had been sounded most 

19van den Toorn (1983), Example 14. 
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recently. The ratings of the Group 2 listeners were almost completely 
opposite to those of Group 1. These listeners gave higher ratings to 
pcs that had been sounded most recently, and to pcs that ranked high 
in the implied tonal hierarchy of a given context. 

A second experiment used four excerpts from each of the two 
pieces. Each excerpt contained a linear statement of the P form of the 
series, and it was followed by all 12 possible probe tones. (Circular 
tones were not used here; instead, the pitches were centered in the pitch 
range of the excerpt.) The central questions were: how would aspects 
of each musical realization (rhythm, meter, tempo, pitch repetition, 
register and range, melodic contour) affect the probe-tone ratings, and 
how would these ratings compare with those obtained from the 
musically neutral contexts used in Experiment 1. 

The results from Group 1 listeners were highly consistent with 
those of the first experiment, suggesting that the perceived hierarchy of 
pcs was largely unaffected by the varied surface characteristics of the 
excerpts. The results from Group 2 listeners were quite varied and did 
not correlate well with their results from the first experiment. Ratings 
of excerpts from the same piece were not more similar to one another 
than those for excerpts from different pieces. (Apparently these 
listeners did not even perceive the similarity of instrumental medium: 
winds for Op. 26; strings for Op. 37.) 

From the result of these two experiments Krumhansl concludes 
that there were large differences between the patterns of response 
characteristic of the two groups. Responses of Group 1 listeners were 
highly consistent with one another and with the principles of 12-pc 
composition. This was true for both the neutral contexts and the 
excerpts. They had apparently internalized the principle disallowing pc 
repetition (or at least recurrence before the aggregate has been 
completed) and were able to appreciate the common origin of a set of 
excerpts in the series. Responses of Group 2 listeners were less 
internally consistent but generally opposite to those of Group 1. They 
apparently used listening strategies more appropriate for tonal music. 

The second major section of this chapter investigates the 
perception of tonal hierarchies in North Indian music. Krumhansl notes 
that the North Indian musical style has a well-developed theory which 
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facilitates a comparison with Western tonal-harmonic music. She then 
discusses aspects of pitch organization that are common to the two 
theories. Her comparison of the two solmization systems (see Figure 
10.6) does not show inflected syllables for the chromatic pcs of the 
Western scale, but it does show them for the Indian system. 

Krumhansl also discusses the Indian circle of thtits (scales) and 
compares it to the Western circle of fifths. She does not say, however, 
that a similar system of parallel modes can be constructed with Western 
scales. Although this system was not the basis for "tonal-harmonic" 
music, it does underlie some of Bartok's music (Antokoletz 1984). 

Since Indian music theory implies a multi-leveled tonal hierarchy 
similar to that of Western music, experiments were designed to test 
whether the probe-tone ratings of two groups of listeners would be 
congruent with this hierarchy. Listeners from Group 1 consisted 
mostly of Indians who also knew Western music. Group 2 contained 
students having equivalent musical training whose experience was 
limited to Western music. The two groups produced very similar 
results, so the ratings were averaged across all listeners. These results 
conformed quite well to music-theoretical predictions. Of particular 
interest was the surprising level of agreement between the two groups. 

To explain this agreement Krumhansl formulated and tested two 
hypotheses. The first hypothesis was that listeners were assimilating 
the musical contexts to Western key structure. To test it, the average 
probe-tone ratings for each group were correlated with those of 
Western listeners (ostensibly a different group) for the major and minor 
keys. The difference between the two correlations was small and 
insignificant, but each correlation depended strongly on the rag. When 
a rag had a scale structure similar to the major or minor scale, the 
correlation was quite high, but when the scale structure differed 
significantly it was low. Krumhansl concludes that these results 
provide little evidence for the idea that listeners were imposing the 
tonal hierarchies of Western tonal-harmonic music on these excerpts. 

The second hypothesis was that the ratings of both groups were 
based on the relative salience of a pc in the theme contexts. To test 
this, Krumhansl correlated the relative duration of each pc with the 
probe-tone ratings and found consistently high values. Inexperienced 
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Western listeners were apparently registering the relative salience of the 
various pcs producing style-appropriate tonal hierarchies which could 
be refined and solidified through additional experience with the North 
Indian idiom. 

Because of the small and insignificant difference between Western 
and Indian listeners, one would assume that Indian listeners were using 
the same strategy. To reveal the difference between these two groups, 
Krumhansl subjected the data to mUltiple regression analysis. This 
showed that (scale) membership had a regular effect only for Indian 
listeners. Westerners were apparently unable to abstract the Indian 
scale structure from the musical excerpts. 

Chapter 10 concludes with a brief summary of a probe-tone 
experiment which tested the perception of tonal hierarchies in Balinese 
music. This study included both Western and Balinese listeners, and 
some of the Balinese were unfamiliar with Western music. The 
excerpts played included both Western and Balinese musical materials. 
The ratings showed "relatively marked differences" in responses. 
Western listeners tended to base their ratings on the frequency of 
occurrence of the various pcs in the melodic context. Balinese listeners 
responded more in accordance with theoretical predictions. 

This chapter concludes with some generalizations about tonal 
hierarchies which have implications for music theory curricula as they 
are expanded to include a wider range of musical styles. With regard 
to the close conformance of probe-tone ratings Krumhansl observes that 
listeners can adapt quite readily to musical idioms having different 
schemes of pitch organization. Rather than imposing their biases upon 
an unfamiliar style "listeners can set aside these expectations and hear 
the pitch events in style-appropriate terms quite independent of their 
prior musical experience" (268). 

This adaptive ability was less apparent, however, in the 12-pc 
serial idiom which was accessible only to subjects with more extensive 
academic training and experience. Krumhansl notes that 

The large intersubject differences found in the study with 
12-tone serial materials suggest that the organization of 
pitch materials in this music may coincide less well with the 
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kinds of perceptual strategies that listeners use with 
unfamiliar styles. In particular, a basic mismatch may exist 
between this style's treatment of all 12 chromatic scale 
pitches equally, and the psychological tendency to relate all 
pitches to a few stable and unchanging reference pitches. 
(270) 
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Her reservations in this regard have been expressed recently by other 
writers (Frances 1988, Lerdahl 1988a, Thomson 1991). 

Chapter 11 is divided into three sections. In the first section, 
"Properties of the diatonic-harmonic system," pc integer notation is 
used for the first time in the book. The discussion is generally well 
informed, especially when one considers that music theory is not the 
author's primary field of expertise, but it is incomplete or misleading 
in some respects. The author has a tendency to confuse "scale" and 
"collection, " and her discussion of chords is not only limited to triads 
(which she admits), but also to the triads of the major scale (which she 
does not admit). 

The discussion of the pentatonic scale treats only the (0,2,4,7,9,0) 
form and does not mention the four additional modes. Krumhansl 
contends that its pattern of scale steps is asymmetric, but this is not true 
for all of the modes of either the diatonic or pentatonic collections. In 
the former, the Dorian mode is symmetrical around pc 6; in the latter, 
the mode (2,4,7,9,0,2) and the set (9,0,2,4,7) are symmetrical. 
Antokoletz (1984) has shown how Bartok exploited these properties to 
create an original musical language which bridges the gulf between 
major-minor tonality and atonality. 

Krumhansl also states that "the pattern of intervals [of the 
pentatonic scale] maps onto itself only at octave intervals" (275-76). 
This is true, but it would be appropriate to note that some trichordal 
subsets map onto others under Tn. For example, given (4,7,9,0,2), 
T5(4, 7 ,9) = (9,0,2); given (2,4,7,9,0), T5(2,4,7) = (7,9,0). 
Furthermore, one rotation of the pentatonic collection maps onto itself 
under inversion: T4I (2,4,7,9,0) = (2,0,9,7,4). 

Regarding the octatonic collection, Krumhansl notes that there are 
two distinct octatonic scales, but does not state that they can be derived 
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by rotating the octatonic collection. The same operation can, of course, 
be applied to diatonic or pentatonic collections to derive their modes. 
Most puzzling, however, is her statement that "no simple rule, 
however, determines chord construction in a way analogous to that for 
diatonic triads .... Also, chord type is not consistently mapped to the 
position of the chord's root in the scale" (277). In fact, chord-type 
mapping is more regular for either mode of the octatonic collection than 
for any mode of the diatonic collection. If a triad is defined as a 3-note 
chord formed from every other scale degree, then only one triad type 
(diminished) is produced, and it occurs on every scale degree. If triad
types are restricted to major and minor, these occur at regular intervals 
throughout an octatonic scale. 

In the same section Krumhansl discusses the scales (thats) of 
North Indian music, focusing on the circle of thats. She does not 
mention that the first six Indian scales shown in her Table 11.5 
correspond to six of the seven modes of the diatonic collection: Kalyan 
to Lydian, Bilaval to Ionian, Khamaj to Mixolydian, Kafi to Dorian, 
Asavri to Aeolian, and Bhairvi to Phrygian. She does note, however, 
that the other four Indian scales have systematic structure: each 
contains pcs 0 and 7 plus a 5-pc segment of cycle 5/7, one which does 
not include pcs 0 and 7. In all cases, therefore, these five pcs form a 
pentatonic collection. 

Krumhansl ends this chapter, and the volume, with a summary of 
major findings from previous chapters from the perspective of cognitive 
psychology. In addition to emphasizing the relevance of her findings 
to Gestalt principles, she recalls that they correlate well with data on 
pc and chord distributions. Listeners seem, therefore, to be sensitive 
to the frequency with which pcs, chords, and combinations are 
employed in music. The question remains, however, whether the same 
level of correlation would hold if a pc collection and harmonic 
vocabulary were held invariant but the relative frequency of various pcs 
and chords were changed. The best test for this would appear to be 
modal music. 

Of greater concern, however, is Krumhansl' s reliance on data 
obtained from statistical studies of pc and chord frequencies. To state 
my concerns as tactfully as possible, the quality of this data does not 
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appear to match the sophistication and power of the statistical 
procedures to which it was fed as input. More accurate and 
appropriate musical data could undoubtedly be obtained from various 
scholars who have recently engaged in computer-aided music 
analysis. 20 

In concluding the volume Krumhansl notes that, because her 
experiments have strongly confirmed music-theoretical predictions, the 
approaches of music theory and cognitive psychology are 
complementary despite their distinctly different methodologies. Her 
speculations on the prospects for a fruitful synthesis of these two 
disciplines echo those of other writers (Laske 1977, Lerdahl and 
lackendoff 1983, Poland 1987, Umemoto 1990, Agmon 1990). 
Hopefully, the collaboration will continue so that scholars from both 
disciplines will develop a deeper understanding of each others' 
orientation and expertise. Despite the occasional reservations noted 
above, I regard Krumhansl's book as a major step in that direction and 
recommend it highly to the growing body of music theorists who are 
interested in the cognitive aspects of musical pitch. 

20See Alphonce (l988a, 1988b, 1989), Davis (1988), Hewlett and Selfridge-Field 
(1990). 
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Table 1. Probe-tone ratings (CFMP, Table 2.1, p. 30) 

Context 

Tone C Major C Minor 

C 6.35 6.33 

C#/Db 2.23 2.68 

D 3.48 3.52 

D#/Eb 2.33 5.38 

E 4.38 2.60 

F 4.09 3.53 

F# 2.52 2.54 

G 5.19 4.75 

G#IAb 2.39 3.98 

A 3.66 2.69 

A#/Bb 2.29 3.34 

B 2.88 3.17 

Source: Krumhansl and Kessler (1982). 
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Table 2. Ratings of diatonic triads in harmonic-hierarchy 
experiments (cf. CFMP, Table 7.3, pp. 171-72 and 
Table 7.7, p. 178) 

Chord Major context Chord Minor context 

I 6.66 I 5.90 

.. 
3.12 iio 3.43 11 

... 
2.76 III 4.14 111 

IV 5.59 IV 4.41 

IV 3.19 IV 4.60 

V 5.33 V 4.38 

V 2.68 V 3.48 

VI 3.62 VI 4.45 

VII 4.22 

viio 2.64 viio 3.18 
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Table 3. Distribution of chords analyzed in Budge (1943) 

Absolute Relative 
frequency frequency 

Diatonic chords 

major mode 36,964 56.09% 

minor mode 9,623 14.60% 

mixed mode 8,266 12.54% 

Total diatonic 54,853 83.23% 

Total chromatic 11,049 16.77% 

Total chords 65,902 100.00% 
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Table 4. Conditions in memory experiment for chord 
sequences (cf. CFMP, Table 8.6, p. 208) 

a. All diatonic 
Changed chord in serial position 3, 4, 5, or 6 
Example: 
CadGFaFC 
Cad G C G F C (ends with V IV I) 

b. One nondiatonic chord in serial position 3 
Changed chord in serial position 4, 5, or 6 
Example: 
C a d# G C F G C (d# is anomalous) 
C a d# G a F G C (d# is anomalous) 

c. One nondiatonic chord in serial position 4 
Changed chord in serial position 3, 5, or 6 
Example: 
C G a E d a F C (contains i V iv of A minor) 
C G a E d G F C (contains i V iv of A minor, 

ends with V IV 1) 

d. One nondiatonic chord in serial position 5 
Changed chord in serial position 3, 4, or 6 
Example: 
C G FdA d G C (contains V IV) 
C G F CAd G C (contains V IV) 

e. One nondiatonic chord in serial position 6 
Changed chord in serial position 3, 4, or 5 
Example: 
C Fda d g# F C (g# is anomalous) 
C F Cad g# F C (g# is anomalous) 

171 
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Figure 1. Graphic representation of probe tone ratings 
(CFMP, Fig. 2.3, p. 31) 
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Figure 2. Rectangular representation of the multidimensional 
scaling solution (CFMP, Fig. 2.8, p. 46) 
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Figure 3. Multidimensional scaling solution of judgments of pairs of 
diatonic triads in G major, C major, and A minor. (CFMP, 
Fig. 8.1, p. 190) 
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