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A FUNDAMENTAL ASSUMPTION OF DISTRIBUTIONAL

key-finding methods is that the frequency distributions
of pitch classes in all keys are transpositionally equiva-
lent. We tested this assumption with three experiments.
First, using data from the openings of 995 major-key
pieces and 596 minor-key pieces in the Yale-Classical
Archives Corpus, we found that scale-degree distribu-
tions differ significantly from one key to another, and
further analysis revealed that pieces keys with signatures
having relatively more accidentals exhibit significantly
more chromaticism than keys with fewer accidentals.
Second, we examined whether these data might be
accounted for by different keys’ varying modulation
tendencies, and found this to be the case: keys with
more accidentals modulate more frequently to more
distant keys. Finally, we attempted to exclude modula-
tory passages from our data using a key profile analysis
to identify key and mode within our dataset; however,
the results of Experiment 1 still held. In sum, even when
using a method that assumes transpositional equiva-
lence, we found a difference between key profiles of
different keys.
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M OST MODERN APPROACHES TO KEY FINDING

are based on a template-matching procedure
involving key profiles (Krumhansl, 1990;

Temperley, 2007). Cognitive models using key profiles
initially arose from experiments in which subjects
would listen to a priming stimulus followed by a single
tone, then rate how well the tone ‘‘fit in with’’ or ‘‘com-
pleted’’ the prime (Krumhansl, 1988; Krumhansl &
Kessler 1982; Krumhansl & Shepard, 1979). Consis-
tently across subjects, prime types, and keys, the average
ratings of the tonic scale degree would be highest,

followed by the dominant and mediant, other diatonic
scale degrees, and finally by the remaining chromatic
degrees. It is widely hypothesized that these profiles
capture some aspect of the hierarchy that listeners use
to parse tonal music.

Investigating various aspects of music cognition, the-
orists have made several refinements to this original
probe-tone work, including the addition of overtone
and time-decay parameters (Huron & Parncutt 1993),
and showing that the key profile depends in part on
where in the musical phrase the probe tone is sounded
(Aarden, 2003; Huron, 2006). Krumhansl (1990) noted
the similarity between probe-tone profiles and the raw
tallies of pitch classes made by Hughes (1977), a simi-
larity that may suggest that listeners acquire patterns of
tonal expectation and key orientation through statistical
learning of pitch-class frequencies (Aarden, 2003;
Huron, 2006; Temperley & Marvin, 2008). The connec-
tion between between pitch-class distribution and key
cognition has also inspired computational key-finding
models. The Krumhansl-Schmuckler algorithm (Krum-
hansl, 1990) totals the pitch classes present in a musical
passage and finds the major or minor key profile vector
that correlates most highly with the pitch-class frequency
vector. Temperley (2007) subsequently improved the
algorithm by formulating the process in terms of Bayes-
ian inference, considering the probability of each pitch-
class given each key, and using these probabilities
to infer the most likely key given the notes. Further
improvements to the computational performance of
key-profile implementations have been made in various
forms by Bellman (2005), Albrecht and Shanahan
(2013), and Albrecht and Huron (2014).

From its inception, key-profile analysis has generally
operated from an assumption that ‘‘transpositions are
perceived as equivalent’’ (Krumhansl & Kessler, 1982).
Krumhansl and Kessler did, in fact, test for an effect of
absolute key in their probe-tone studies, and were able
to rule out such effects. Consequently, computational
theories have key have tended to ‘‘assume that all keys of
the same mode are equal in prior probability’’ with
respect to key profiles (Temperley, 2007). However,
even if transpositionally equivalent key profiles capture
some generalized properties of scale-degree distribu-
tions, that fact does not necessarily exclude the exis-
tence of key-specific distributional characteristics.
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On the other hand, several researchers have argued
for the salience of absolute pitch in musical cognition.
For instance, Ben-Haim, Eitan, and Chajut (2014) and
Simpson and Huron (1994) showed that listeners are
sensitive to and acquire knowledge of absolute pitch
through exposure to varying frequencies of pitch-class
occurrence, while Purwins, Graepel, Blaenkenz, and
Obermayer (2003) have used pitch-class co-occurrence
within a musical corpus to model the difference between
various keys on the circle of fifths.

In what follows, we treat the fundamental assumption
of the distributional method of key finding—that scale-
degree profiles are the same for all keys—as a null
hypothesis, and find evidence to reject it. We continue
by testing what aspects of the profiles change between
transpositional levels, and consider the effect that
modulation tendencies might have on our results.

Experiment 1

METHOD

We examined a selection of pieces in the Yale-Classical
Archives Corpus (YCAC), a collection of symbolically
encoded music data and associated metadata derived
from MIDI files contributed by users of the Classical
Archives website (White & Quinn, 2016). Because our
study is focused on comparing all 24 possible major and
minor keys, we restricted the corpus to 19th-century
music, as earlier music is largely confined to keys with
four or fewer accidentals, with the range narrowing as
the time horizon moves earlier. For this study we used
only pieces written by Beethoven, Brahms, Chopin,
Liszt, Mendelssohn, Saint-Saëns, Schubert, Schumann,
and Tchaikovsky. These are the ten most frequently
represented composers of 19th-century music in the
YCAC, with the exclusion of Wagner, whose long con-
tinuous forms are not tonal in the specific sense of
conforming to the conventions by which movements
express single keys. The segment of the corpus compris-
ing pieces by the remaining nine composers includes
995 major-key pieces and 596 minor-key pieces. (By
piece we refer to either a single-movement work or an
individual movement of a multi-movement work, such
as a recitative of an oratorio or a slow movement of
a sonata. By key we mean one of the 24 major or minor
keys up to enharmonic equivalence, such that A major
and A minor are different keys, but G � major and
F� major are identical.) Each composer is represented
by at least 69 pieces in this sample, and by pieces in at
least 20 keys. Each key was represented between 14 and
120 times, with a median of 67.5 (see Table 1). (The
YCAC is not without its critics, in particular deClerq

(2016), who argues that inaccuracies within the pitch
onsets within the corpus’s MIDI files warrant skepti-
cism; however, given that this article focuses on simple
pitch-class distributions, any such inaccuracies are
unlikely to affect our results.)

Nearly every piece in the corpus modulates away
from the home key at some point. Identifying and ana-
lyzing every modulation by hand would be labor inten-
sive and error prone. Automatic identification of
modulations would require the use of a key-finding
algorithm, and it is the key-profile infrastructure of such
algorithms that we wish to investigate in this study. We
therefore considered only notes whose onsets fall within
20 quarter notes of each piece’s first note onset, under
the simplifying assumptions that: 1) pieces begin in the
home key, and 2) are sufficiently unlikely to modulate
within such a short time span (any modulations that do
appear, we assume to manifest as noise within the
resulting profiles).

For each piece, we totaled the amount of time each of
the twelve pitch classes sounded. Time was measured
in quarter notes. Doubling was not taken into account;
thus the chord (C2, C3, G3, C4, E4, G4) would count as
contributing equal amounts of C, E, and G. Durations
(measured in quarter notes) of PCs were compiled by
measuring the distance between its onset and offset
within the 20-quarter-note window. PCs were con-
verted to scale degrees by normalizing to the key of
each piece (each piece’s opening key was encoded as
metadata in the YCAC by trained analysts before the
start of the present study). The aggregate tallies across
all pieces in all keys, shown in Figure 1, correspond
closely to key profiles published in the literature
reviewed above, particularly those of Aarden (2003).

TABLE 1. Frequency of Keys in Corpus Sample

major minor

signature tonic n % tonic n %

3� E� 116 11.7 C 88 14.8
2� B� 110 11.1 G 61 10.2
1� F 106 10.7 D 62 10.4
0 C 120 12.1 A 99 16.6
1� G 96 9.6 E 49 8.2
2� D 113 11.4 B 51 8.6
3� A 95 9.5 F� 24 4.0
4� E 76 7.6 C� 37 6.2
5�/7� B 22 2.2 G�/A� 14 2.3
6�/6� F�/G� 20 2.0 D�/E� 17 2.9
7�/5� C�/D� 39 3.9 B� 21 3.5
4� A� 82 8.2 F 73 12.2
total 995 100.0 596 100.0

532 Ian Quinn & Christopher Wm. White



One notable difference between various key profiles is
whether the tonic or the dominant scale degree
receives the highest relative weight in the vector. In
the literature, probe-tone vectors weight tonic the
highest (Krumhansl & Kessler, 1982) while corpus-
based profiles often find a relatively higher frequency
of the dominant degree (Aarden, 2003; Hughes, 1977;
Huron, 2006; White, 2013; the exception is Temperley,
2007). However, as discussed in Huron (2006), corpus-
based profiles derived from the ends of phrases return
a higher tonic frequency, suggesting that the tonic/
dominant frequency ratio changes near cadences. The
corpus was processed using the music21 software
package (Cuthbert & Ariza, 2011), and data were ana-
lyzed with SPSS version 22.

Our primary analytical method in this paper is the
chi-square test, which estimates the likelihood that two
samples are drawn from the same population. In the
experiments reported here, we test variants of a simple
null hypothesis: if we transpose all the music in the
corpus to the key of C, then it forms a uniform popula-
tion. If the null hypothesis is true, the distribution of
pitch classes among pieces transposed to C from, say, F
major and G� major will be statistically indistinguish-
able. In order to avoid the problem of multiple analyses
of the same data, we do not analyze the corpus as
a whole, instead treating the corpus as a population
from which we take smaller random samples. We begin
by generating a contingency table of 12 keys � 12 scale
degrees, totaling the ‘‘scale degree mass’’ (measured in
quarter note durations) for each of the 144 combina-
tions. This model accurately represents the distribution
of scale degrees over the entire corpus. We then used

this model to generate random samples of N pitch clas-
ses per key, where N is approximately 10 percent of the
total scale degree mass for music in the corpus in that
key. These samples were the subjects of our chi-square
tests, which investigated whether they seemed to have
come from the same underlying population. In this
experiment and the others that follow, we iterated the
sampling and testing procedure five times to ensure
that any statistical regularities we discover are well
replicated. We tested major- and minor-key pieces
separately.

RESULTS

All five major-mode samples, and four out of five
minor-mode samples, provided sufficient evidence to
reject the null hypothesis that scale-degree likelihood
is independent of key (see Table 2). The effect size of
dependencies revealed by the chi-square test may be
estimated by Pearson’s ’ coefficient, which is analogous
to Pearson’s r coefficient of correlation. In this case the
effect is relatively small, hovering around 0.15 for
major-mode pieces and 0.19 for minor-mode pieces.
Given that our corpus is relatively small and comprises
a great diversity of styles, genres, and textures—not to
mention the standard assumption that this dependency
does not exist—even a small effect of key on scale-
degree distribution is a significant finding.

Our underlying dataset of 1,600 relatively brief inci-
pits is not enough to power a robust post hoc analysis of
this model. We therefore took the liberty of fitting the
data to an additional model in the interest of guiding
further research. This second model used a particular
division of the data set in order to explore the beha-
vior of certain key groups. For this investigation, we
divided the data set into two categories: those with

TABLE 2. Results of Chi-square Tests (df ¼ 121) of Effect of Key on
Scale-degree Distribution (Experiment 1).

mode N �2 p ’

major 7648 190.33 < .001 .16
7408 184.95 < .001 .16
7705 153.50 .02 .14
7549 159.35 .01 .15
7592 149.12 .04 .14

minor 4359 159.14 .01 .19
4393 192.69 < .001 .21
4254 156.18 .02 .19
4167 143.04 .08 .19
4376 148.09 .05 .18

Note: The population sampled includes all notes whose onsets fall within 20 quarter
notes of a piece’s initial onset.0.
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a preponderance of black notes in their key signature
and those with a preponderance of white notes. In what
follows we refer to this parameter as key color, with
either ‘‘white’’ or ‘‘black’’ designating the key’s grouping.
The keys with four or more accidentals (E, B, F�, C�,
and A� major, as well as their relative minors) consti-
tute the black-key group; the white-key group included
all other keys. We repeated the chi-square analysis
described above, using key color instead of key as the
independent variable (see Table 3). We found a signifi-
cant but small dependency of scale-degree frequencies
on key color in all five major-key samples, but none of
the corresponding tests for minor-key samples reached
the threshold of significance. Figure 2 summarizes this
analysis. In general, black-key pieces have an increased
tendency to incorporate chromaticism (non-diatonic

notes) compared to white-key pieces. In the major-key
distribution, for instance, note that the black bars on
scales degrees 1 and 5 are lower than the white bars, and
the black bars on sharp-1 and sharp-5 are higher than
the white bars. Note also that while this trend is visually
evident in the minor-key distribution, the error bars
tend to be larger than in the major-key distribution and
the differences tend to be smaller (e.g., compare the
differences between the relative frequencies of the low-
ered and raised 6th degrees in the major and minor
distributions). This all corresponds to a slightly smaller
emphasis on diatonic notes in black-key pieces in major
keys. An interesting exception concerns non-tonic
members of the subdominant harmony (scale degrees
4 and 6), which receive greater emphasis in black-key
pieces in both major and minor modes.

DISCUSSION

These results show not only that scale-degree profiles
vary from key to key, but also that chromatic scale
degrees are used more when there are more accidentals
in the key signature, at least in major keys. This ten-
dency, however, could be related to our simplifying
assumptions. These data are consistent with the possi-
bility that black keys modulate more frequently to more
distant keys within their first 20 quarter notes than do
white keys. Experiment 2, therefore, determines
whether pieces in particular keys modulate with differ-
ent tendencies by quantifying how long each piece
within YCAC spends in each key.

TABLE 3. Results of Chi-square Tests (df¼ 11) of Effect of Key Color
on Scale-degree Distribution (Experiment 1).

mode N �2 p ’

major 7709 29.39 .002 .06
7556 18.39 .07 .05
7469 21.45 .03 .05
7702 13.47 .26 .04
7616 46.26 < .001 .08

minor 4224 12.77 .31 .06
4295 14.89 .19 .06
4390 18.84 .06 .07
4305 16.62 .07 .07
4341 9.72 .56 .05
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FIGURE 2. Scale-degree distribution for pieces in black and white keys in the sample, showing a significant effect of key color in major keys (left panel)
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Experiment 2

METHOD

Each of the pieces from Experiment 1 was subjected to
a windowed key-profile analysis in its entirety (i.e., not
only the first 20 quarter notes). Analyses were
performed with music21 using the Krumhansl-
Schmuckler key-finding algorithm and the Bellman-
Budge key profiles (Bellman, 2005). The window size
was eight slices, where slice is defined as any group of
simultaneous pitch classes differentiated from its neigh-
bors by the addition or subtraction of a pitch (Quinn,
2010). For each window the algorithm determines a
correlation to each of the 24 ideal major and minor key
profiles. For each window, if the highest correlation
coefficient was less than 0.1 higher than the next highest
correlation coefficient, the key of the window was
labeled as ambiguous; otherwise the best correlated key
was identified as the key of the window, with a ‘‘confi-
dence value’’ equal to the correlation coefficient for that
key. The key of each slice was then determined by com-
paring the eight windows containing that slice (exclud-
ing ambiguous windows): the key of the window having
the highest confidence value was taken as the key of the
slice. Due to the relatively small window size, this anal-
ysis captures both small-scale tonicizations and large-
scale modulations.

RESULTS

A total of 2,622,777 slices with a total duration of
804,984 quarter notes were analyzed. Of these, 6.43%

of durations and 5.66% of slices were labeled as ambig-
uous. Major key segments accounted for 63.52% of the
corpus’ total duration. We used the same sampling and
replication procedure as for Experiment 1. Separate sets
of chi-square tests were performed for major- and
minor-key pieces, with time spent in each local key
(relative to the tonic of each piece) as the dependent
variables. As Table 4 shows, all tests showed significant
but small effects of key.

DISCUSSION

These data suggest that tonal areas with greater num-
bers of accidentals modulate to more distant tonal areas
than do keys with fewer accidentals. Figure 3 shows the
amount of time in quarter-notes spent in each key in
relation to the tonic, averaged by piece, and divided into

TABLE 4. Results of Chi-square Tests (df ¼ 121) of Effect of Global
Tonic on Time Spent in Other Keys (Experiment 2).

mode N �2 p ’

major 54047 1141.10 < .001 .15
54103 1240.83 < .001 .15
53817 1303.91 < .001 .16
54450 1258.28 < .001 .15
54190 1242.09 < .001 .15

minor 31615 1235.57 < .001 .20
31938 1193.01 < .001 .19
31541 1071.34 < .001 .18
31832 1139.01 < .001 .19
31852 112.10 < .001 .19
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black-and white-note pieces, with major and minor
pieces distinguished. The key areas are represented by
Roman numerals that assume enharmonic equivalence,
such that modulations to the lowered minor mediant
and the raised major supertonic would not be
distinguished.

Across major and minor modes, white-key pieces tend
to stay in the tonic and dominant 63.22% of the time.
Black-key pieces spend less time in these closely related
keys (58.28%), and thus spend more time in more dis-
tantly related keys than do white-key pieces. In other
words, the distribution of black-key modulations is more
even. Note, for instance, that the white bars are higher
than the black bars on the I and V categories while the
black bars are higher for, say, the flat-II category.

These results do suggest that modulation tendencies
could explain the differences in key profiles observed in
Experiment 1. To investigate the variation between pro-
files further, we adopted a method designed to minimize
the inclusion of modulatory passages when compiling
key profiles. Experiment 3 therefore uses Experiment
2’s key-profile analysis of the YCAC and compiled
absolute-pitch key profiles using these tonal judgments.

Experiment 3

METHOD

Each piece within the YCAC was divided into segments
using the key-profile analyses of Experiment 2, such
that segments begin and end with a change of key (or
the beginning of an ambiguous segment), yielding
46,395 single-key segments. The durations of each pitch
class in these single-key segments were used to compile
absolute-pitch key profiles as in Experiment 1, and the
procedure was otherwise identical to that experiment.

RESULTS

As Tables 5 and 6 show, a significant effect of key and
key color, respectively, was found for scale-degree dis-
tributions. Although the effects are smaller than those of
Experiment 1, they appear in both major- and minor-
mode segments, and were replicated in every sample.

DISCUSSION

These results suggest that, even when key profiles them-
selves are used to identify key areas, different keys have
significantly different key profiles. Figure 4 displays the
mean key profile for all segments in the corpus for
which our key-finding algorithm was able to determine
an unambiguous key. Major and minor key profiles are
considered separately. Within each modal category, Fig-
ure 4 juxtaposes white- and black-key profiles in the

manner of Figure 2. The same trends hold as observed
before—diatonic degrees tend to have higher white bars
than black bars, while the opposite holds for chromatic
degrees. (The primary contrast with Figure 2 is that the
error bars are now smaller given the larger sample size.)
Perhaps the most distinctive difference between Figures
2 and 4 is the proportion of raised and lowered leading
tones (degree 7) in the minor key profiles. In Figure 2,
derived from the openings of pieces used in Experiment
1, the two degrees occur in nearly the same amount. In
Figure 4, by contrast, the raised form of degree 7 occurs
far more frequently than the lowered form. We presume
that this discrepancy is due to the key-finding algorithm
that was used to classify the data in Experiment 3. The
Bellman-Budge minor key profiles weight the raised
leading tone more than ten times as heavily as the low-
ered form. This contributes to the fact that the Bellman-
Budge weightings have been shown to distinguish
between relative major and minor keys better than other
sets of weights (Bellman, 2005).

Figures 2 and 4 differ also in the major-key profiles.
The relative proportions of degrees 2, 3, 4, and 5 in

TABLE 5. Results of Chi-square Tests (df ¼ 121) of Effect of Local
Key on Scale-degree Distribution (Experiment 3).

mode N �2 p �

major 117092 220.98 < .001 .04
117012 227.09 < .001 .04
117118 256.32 < .001 .05
117104 162.78 < .001 .05
117282 206.27 < .001 .04

minor 66490 179.31 < .001 .05
66415 165.75 .004 .05
65804 176.16 .001 .05
58572 192.34 < .001 .06
66484 157.43 .02 .05

Note: The population sampled includes scale degrees from all segments of pieces
that can be unambiguously assigned to a key.

TABLE 6. Results of cCi-square Tests (df¼ 11) of Effect of Local Key
Color on Scale-degree Distribution (Experiment 1).

mode N �2 p ’

major 116814 35.77 < .001 .02
117048 35.47 < .001 .02
117368 49.97 < .001 .02
117241 61.56 < .001 .02
117233 72.91 < .001 .03

minor 66736 44.69 < .001 .03
66350 43.44 < .001 .03
65996 35.45 < .001 .02
66467 24.41 .01 .02
66120 35.79 < .001 .02
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black and white keys are reversed. Other differences in
scale-degree frequency between black and white keys,
including those involving chromatic degrees in the
major mode and nearly all degrees in the minor mode,
are preserved. It is difficult to determine the source of
these differences between the results of Experiments 1
and 3, but these differences do not detract from the
main result, which is that black and white keys have
different scale-degree profiles.

GENERAL DISCUSSION

We began this investigation by tallying scale-degree fre-
quencies in the opening portions of pieces by prominent
composers of the 19th-century common-practice reper-
tory and found that key profiles are not transposition-
ally equivalent, calling into question a fundamental
assumption of the distributional model of tonality. It
is possible that pieces in different keys have different
modulation tendencies. If these tendencies are
expressed early enough in a piece, then this might be
sufficient to account for the variation detected by
Experiment 1. We therefore tested in Experiment 2
whether different keys are associated with different pat-
terns of modulation and found that this is indeed the
case. In particular, we found that pieces in keys with
many accidentals tend to modulate more frequently to
more distant keys than those with fewer accidentals. A
consequence of this is that black-key pieces tend to
move to white keys more than white-key pieces tend
to move to black keys. This is consistent with one of

the findings of Experiment 1, which is that black-key
pieces contain more chromatic notes (likely to be white
notes) in their opening spans than do white-key pieces
(for which chromatic notes are likely to be black notes).

With this background, we set out to determine
whether the results of Experiment 2 are sufficient to
explain the results of Experiment 1. If differences
between black and white key profiles are attributable
solely to the possibility that the first 20 quarter notes
of a piece do not necessarily all express the piece’s tonic
key, then Experiment 1 may not provide enough evi-
dence to overturn the hypothesis of transpositional
equivalence for key profiles. The purpose of Experiment
3 was to test the robustness of our findings in Experi-
ment 1. We found that even when using the key-profile
method to label keys and exclude ambiguous sections of
the corpus—that is, even when using a method that
builds in the assumption of transpositional equiva-
lence—we found a difference between key profiles of
different keys. While the effects of our results are small,
their significance and robustness suggest that the
assumption of transpositional equivalence is not war-
ranted in all cases. Rather, absolute pitch may influence
scale-degree frequency distributions, as suggested by
Ben-Haim, Eitan, and Chajut (2014) and Simpson and
Huron (1994).

Our analysis, like those of Margulis and Eitan (2012),
exposes some important differences between key pro-
files derived from cognitive experimentation and those
derived from corpus data. On the one hand, cognitive
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key-profile models tend to represent their relative scale-
degree frequencies as a schema used by listeners to help
identify tonal centers (i.e., i.e., interpretive models), and
on the other, the distributions latent in corpus data are
the result of compositional tendencies, norms, and
styles (i.e., generative models). These two are not nec-
essarily identical: models used to generate musical cor-
pora might differ from those listeners use to interpret
them. Indeed, this study suggests that common-practice
composers do treat black keys differently than white
keys. It seems possible that a corpus-derived key-
profile analysis that assumes transpositional equiva-
lence imports an assumption from cognitive models
that do not necessarily hold for compositional models.

We conclude by offering some tentative explanations
for the variation between the scale-degree frequencies
and modulation tendencies of different keys, along with
some topics for future exploration. Much of this variation
can be attributed to a simple observation about the dis-
tribution of absolute pitch classes: white notes (those that
are notated without an accidental) occur more frequently
than black notes. Figure 5 shows the total frequencies of
pitch classes over the entire corpus. White notes (plus B�)
occur more frequently than black notes. Figure 6 shows
the distribution of keys over the corpus. Generally
speaking, the more white notes a key contains, the more
frequently it appears. In fact, note that Figure 5 shows the
white notes of the keyboard occurring more frequently
than the keyboard’s black notes. (The exceptions are B
and B�, which both appear with comparable frequency to
one another, with less frequency than the other white
notes, but with more frequency than the other black
notes.) Additionally, in Figure 6, the keys to the left of
the distribution all have between zero and three acciden-
tals (our ‘‘white-note’’ keys), while keys with more acci-
dentals (our ‘‘black-note’’ keys) are to the right of the
distribution. Not only do the white keys of the chromatic

universe appear more frequently than do the black notes,
but on balance there is less music in black keys than
music in white keys in our corpus.

It seems likely that absolute-pitch distribution has an
influence over the distribution of scale degrees in a key.
For the most common keys (those with fewer acciden-
tals) these distributions would reinforce one another, as
their respective pitch-class and scale-degree frequencies
closely correlate. However, as the number of accidentals
in a key signature increases, the more these profiles
conflict, as the (absolute) pitch-class frequency profile
diverges from the ideal (relative) scale-degree frequency
profile. This conflict could then compositionally mani-
fest itself as a pull toward white notes, increasing chro-
maticism within black-note keys. This means that
altering uncommon pitch classes (e.g., raising G� to G�
in the key of D� major) is more common than applying
accidentals to common pitch classes (e.g., raising G to
G� in D major). This suggests that there exists a regres-
sion to some kind of absolute-pitch mean—choices
made exclusive to relative-pitch tonal syntax—when
composers choose key areas.

This pull may be imagined as taking place literally in
the physical environment of the keyboard, where black
keys are set higher and further back than white keys. It
seems plausible that composers who wrote primarily for
(or at) the keyboard were influenced by the hand posi-
tions required for different keys. It would take less
effort, for example, for composers to relax their hands
downward to the chromatic notes in A� major than to
raise their hands to play the identical chromatic scale
degrees from a C major hand position.

There also may be expressive associations with abso-
lute pitches that contribute to the differences between
key profiles. It is well known that key color has an effect
on the skill of absolute pitch identification, which is
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faster and more accurate for white-key than black-key
notes (Marvin & Brinkmann, 2000; Takeuchi & Hulse,
1991). Additionally, musicians tend to associate
a ‘‘tense’’ quality with chromatic inflections of scale
degrees (Huron, 2006); when using a ‘‘more tense’’ key
signature of many accidentals, composers may be more
likely to release this tension by reverting to the white
notes, even when they are chromatic with respect to the
key. Between-key differences may also be influenced by
the long historical tradition of associating different
affective characteristics with different keys (Duffin,
2007; Steblin, 1983). Such absolute pitch associations
may have influenced composers’ treatments of different
keys; further investigation into individual composers’
corpora could yield interesting insights into the the
variable treatment of particular keys.

It is possible that this tendency expresses itself differ-
ently in the work of different composers, time periods,
geographic areas, or instrumental repertoires. (An anal-
ysis of instrumentation might involve hypotheses con-
cerning, for example, the different tendencies of pianist
composers such as Schubert and non-pianist composers
such as Berlioz.) At this point, however, dividing the
YCAC into smaller groups of composers or time periods

creates data sets of insufficient size to support robust
statistical analysis. However, as larger corpora become
available, such investigations may become possible.

We have shown that corpus-derived key profiles are
not strictly a relative-pitch phenomenon. Since (relative)
scale-degree distributions interact with (absolute) pitch-
class distributions in constituting the key profiles of dif-
ferent keys, it follows that a distributional approach to
key finding might benefit from taking absolute pitch-
class information into account in some small way.
Naturally, our findings also raise the question whether
listeners might use absolute pitch information to guide
the cognitive task of key finding. Again, this is a matter
for future computational and psychological work.
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