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Abstract

Like other sensory qualities, the human ability to
perceive tonal sound stimuli has presumably
evolved because of its utility. Although a variety
of tonal sounds are present in the human audi-
tory environment, the vocalizations of other
humans are the most biologically relevant and
the most frequently experienced. It is thus rea-
sonable to assume that our appreciation of tonal
sounds has arisen primarily for the benefits that
accrue from this conspecific information. It fol-
lows that the structure and function of the tonal
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sounds produced by the human vocal apparatus
may provide the key to understanding how and
why we perceive tonality in music the way that
we do. Here we consider recent evidence that
bears on this idea.

1.
Introduction

Tones are periodic sound stimuli perceived as
having a pitch. In nature, such stimuli are pro-
duced by objects that resonate at frequencies
humans can hear when acted on by a force,
most commonly by animal species that gen-
erate such sounds for social communication
(e.g., the sounds of stridulating insects, the
vibrations produced by the songbird syrinx,
and the vocalizations of many mammals). Al-
though many such stimuli are present in the
human auditory environment, the vocaliza-
tions of other humans are the most biologic-
ally relevant and frequently experienced (Ter-
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hardt 1984; Schwartz et al. 2003; Gill and
Purves 2009). The prevalence and importance
of vocal stimuli suggests that an appreciation
of tonal sounds in music is linked to human
vocalizations.

The merits of understanding musical ton-
ality based on vocalization depend on explain-
ing why we hear musical tones the way we
do. To date, this framework has been success-
fully applied to a variety of phenomena in-
cluding perception of the missing fundament-
al (Terhardt 1974; Schwartz and Purves 2004),
the fundamental root of musical chords (Ter-
hardt 1984), pitch shift of the residue, spec-
tral dominance and pitch strength (Schwartz
and Purves 2004), musical interval preferen-
ces (Schwartz et al. 2003; Ross et al. 2007),
and scale preferences (Gill and Purves 2009).
The work described here focuses on this
framework as a way to explain the character-
istic affective impact of major and minor
music (Bowling et al. 2010).

The emotional effects of major and
minor music

The affective impact of music depends on
many factors including, but not limited to,
intensity, tempo, rhythm and the tonal inter-
vals used. For most of these factors the way
emotion is conveyed seems intuitively clear.
If, for instance, a composer wants to imbue a
composition with excitement, the intensity
tends to be forte, the tempo fast and the
rhythm syncopated. Conversely, if a more
subdued effect is desired, the intensity is
typically piano, the tempo slower, and the
rhythm more balanced (Cohen 1971; Bern-
stein 1976; Juslin and Laukka 2003). These
effects on the listener presumably occur be-
cause in each case the characteristics of the

Daniel Bowling and Dale Purves

music accord with the ways that the corres-
ponding emotional state is expressed in
human behavior. The reason for the differ-
ent emotional impact of the tones used in
music, however, is not clear.

Much music worldwide employs subsets of
the chromatic scale, which divides each oc-
tave into 12 intervals defined by the frequen-
cy ratios shown in Fig.1A. In Western music
over the last few centuries the most com-
monly used subsets are the diatonic scales in
Fig.1B, the lonian and the Aeolian scales in
particular (Pierce 1962; Bernstein 1976; Ran-
del 1986; Burns 1999; Burkholder et al. 2006).
These two scales are usually referred to sim-
ply as the major and the minor scale, respec-
tively (Fig.1C) (Aldwell and Schachter 2003).
Other things being equal, music using the in-
tervals of the major scale tends to be per-
ceived as relatively excited, happy, bright or
martial, whereas music using minor scale in-
tervals tends to be perceived as more sub-
dued, sad, dark or wistful {Zarlino 1558;
Hevner 1935; Cooke 1959; Crowder 1984;
Krumhansl 1990; Gregory et al. 1996; Peretz
et al. 1998; Burkholder et al. 2006). There has
been no agreement, however, about how and
why these scales and the intervals that differ-
entiate them elicit distinct emotional effects
(Heinlein 1928; Hevner 1935; Crowder 1984).

Major vs. minor music compared to
speech

Given the roots of the human tonal sense
(see Introduction), an attractive hypothesis
is that musical tones take on their affective
qualities by mimicry of emotions expressed
vocally. This general idea is supported by
several observations. First, voiced speech
sounds are harmonic, and has often been
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Fig. 1 Musical scales. A The 12 intervals of the chromatic scale showing the abbreviations used, the
corresponding number of semitones, and the ratio of the fundamental frequency of the upper tone to
the fundamental frequency of the lower tone in just intonation tuning. B The seven diatonic scales. As a
result of their relative popularity, the lonian and the Aeolian are referred to today as the major and
minor scale, respectively. C Examples of a major and a minor scale on a piano keyboard; the circled

intervals indicate the differences between the two

pointed out ratios between overtones in
harmonic series correspond to the ratios
that define musical intervals (Helmholtz
1885; Bernstein 1976; Rossing 1990; Crystal
1997; Schwartz et al. 2003; Ross et al. 2007;
Gill and Purves 2009). Second, the physio-
logical differences between affective states
alter the spectral content of voiced speech
(Spencer 1857; Juslin and Laukka 2003;
Scherer 2003). Third, humans routinely ex-
tract important information about the emo-
tional state of a speaker from vocal qualities
(Johnstone and Scherer 2000; Scherer et al.
2001; Juslin and Laukka 2003). And fourth,
as already mentioned, other aspects of

music appear to convey emotion through
mimicry of human behaviors that signify
emotional state. It is therefore logical to ask
whether spectral differences that specifically
distinguish major and minor melodies paral-
lel spectral differences that distinguish
speech uttered in different affective states.

3.1 Empirical differences between major

and minor music

In music theory, major and minor scales (see
Fig.1C) differ at the third, sixth, and seventh
scale degrees. In each case, the major scale
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is characterized by a major interval (a whole
tone) whereas the minor scale is character-
ized a minor interval (a semitone). To deter-
mine the way these intervals actually distin-
guish major and minor music, we analyzed
more than 4000 major melodies and 3000
minor melodies drawn from databases of
monophonic Western classical and folk
music (Barlow and Morgenstern 1974; Eerola
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and Tovianien 2004). The prevalence of
intervals in the melodies was assessed with
respect to the annotated tonic of the melody
(tonic intervals), as well as with respect to
immediately following melody notes (me-
lodic intervals). The results of these analyses
are shown in Table I.

As expected, the most salient empirical
distinction between major and minor music is

Table1

(A) Tonic Intervals

Major Melodies Minor Melodies
Intervals Classical (%) Folk (%) Intervals Classical (%) Folk (%)
Unison/Octave 19.9 204 Unison/Octave 194 19.1
Minor Second 04 0.1 Minor Second 06 0.2
Major Second 12.8 159 Major Second 13 19.6
Minor Third 08 0.0 Minor Third 158 156
Major Third 18.2 168 Major Third 0.7 0.2
Perfect Fourth 10.6 95 Perfect Fourth 10.5 10.1
Tritone 11 04 Tritone 1.7 0.2
Perfect Fifth 19.1 19.6 Perfect Fifth 20.3 199
Minor Sixth 04 0.0 Minor Sixth 7.9 16
Major Sixth 84 89 Major Sixth 13 29
Minor Seventh 0.6 0.2 Minor Seventh 34 75
Major Seventh 7.7 8.1 Major Seventh 5.4 3.1
(B) Melodic Intervals

Major Melodies Minor Melodies
Intervals Classical (%) Folk (%) Intervals Classical (%) Folk (%)
Unison 10.7 249 Unison 14 24
Minor Second 208 133 Minor Second 282 19.1
M?JOT Second 36.1 299 Major Second 276 27.6
Minor Third 94 116 Minor Third 104 121
Major Third 6.9 8.6 Major Third 5.4 6.2
Perfect Fourth 7.6 74 Perfect Fourth 7.2 7.1
Tritone 04 0.2 Tritone 1.1 0
Perfect Fifth 2.7 2 Perfect Fifth 3.2 25
Minor Sixth 15 0.6 Minor Sixth 18 08
Major Sixth 13 0.9 Major Sixth 1.2 0.1
Minor Seventh 04 03 Minor Seventh 0.4 0.1
Major Seventh 0.1 0 Major Seventh 0.2 0
Octave 13 03 Octave 1.2 0.2
Larger 1 0 Larger 0.9 0

Frequency of occurrence of chromatic intervals in major and minor Western classical and folk music. A Tonic
intervals, defined as the number of semitones between a melody note and its tonic.

B Melodic intervals, defined as the number of semitones between adjacent melody notes. The intervals that
strongly distinguish major and minor music are highlighted in grey
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the third scale degree. In both the classical
and folk music, major thirds made up 16-18%
of the intervals in major melodies and less
than 1% of the intervals in minor melodies;
this pattern was reversed for minor thirds,
which comprised less than 1% of the intervals
in major melodies and about 15% of the in-
tervals in minor melodies. Tonic intervals of
the sixth and seventh scale degrees also dis-
tinguish major and minor music, but less
robustly. These intervals are only about half
as prevalent in music as thirds, and their dis-
tribution in major versus minor music is less
differentiated. With respect to melodic inter-
vals, the only salient distinction between ma-
jor and minor melodies is the prevalence of
major versus minor seconds, major music be-
ing characterized by an increased prevalence
of major seconds and minor music by an in-
creased prevalence of minor seconds.

In short, the prevalence of major vs. minor
thirds is the primary empirical distinction
between major and minor music.

3.2 Comparison of music and speech
spectra

To address the question of whether these
empirical differences between major and
minor music parallel the characteristics of
vocalizations in corresponding emotional
states, we compared the spectra of major
and minor thirds, sixths, and sevenths with
the spectra of speech uttered in a subdued
or excited manner. Spectral comparisons
were based on fundamental frequency and
frequency ratios, two critical acoustic fea-
turesin the perception of both voiced speech
sounds and musical intervals. In speech, fun-
damental frequency carries information
about the sex, age, and emotional state of a
speaker (Hollien 1960; Crystal 1997; Proto-
papas and Lieberman 1996; Banse and
Scherer 1996; Harrington et al. 2007). Fre-
guency ratios between the first and second
formants (F1, F2) differentiate particular
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vowel sounds, allowing them to be under-
stood across speakers with anatomically dif-
ferent vocal tracts (Delattre 1952; Pickett et
al. 1957; Peterson and Barney 1962; Crystal
1997; Hillenbrand et al. 1995). In music, the
fundamental frequencies of tones carry the
melody. The frequency ratios between notes
define the intervals and provide the context
that determines whether the composition is
in a major or minor key.

Figure 2 shows the distributions of funda-
mental frequencies for ten speakers uttering
speech in an excited (red) versus a subdued
(blue) manner. As expected from previous
studies on vocal emotion (Banse and Scherer
1996; Juslin and Laukka 2003; Scherer 2003;
Hammerschmidt and Jurgens 2007), the fun-
damental frequencies of excited speech are
significantly higher than those of subdued
speech.

Musical intervals are defined by the fun-
damental frequency ratio between two
notes. Thus a single fundamental cannot be
identified in the same way as for a voiced
speech sound; instead, the two notes must
be considered together. The combined har-
monics of any two notes comprise a subset
of a single harmonic series with a fundamen-
tal given by their greatest common divisor
(the implied fundamental). Figure3 illus-
trates the distributions of these implied fun-
damental frequencies in major versus minor
compositions. Comparison of Figs. 2 and 3
shows that the implied fundamentals of
tonic thirds and sixths parallel the differences
in the fundamental frequencies of excited
and subdued speech.

Theratio of the peak harmonicfrequencies
in the first two formants (F1 and F2) in ex-
cited and subdued speech with the frequen-
cy ratios of the intervals that specifically dis-
tinguish major and minor music can also be
compared. This analysis focused on F1 and
F2 because they are the most powerful
resonances of the vocal tract, and because
they are necessary and sufficient for the dis-
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Fig.2 The fundamental frequency distributions of excited (red) and subdued (blue) speech for 5 female
and 5 male speakers derived from single word utterances; brackets indicate means. Participants were
instructed to utter the words as if they were excited and happy, or conversely as if they were subdued
and sad. The difference between the mean fundamentals of the excited and subdued distributions across
speakers is highly significant (p<0.0001 in dependent t-tests for paired samples)

crimination of vowel sounds (Delattre 1952;
Pickett et al. 1957; Rosner and Pickering
1994). The distributions of F2/F1 ratios in ex-
cited and subdued speech spectra are shown
in Fig. 4. In excited speech, ~36% of formant
ratios correspond to major thirds, sixths and
sevenths, whereas ratios corresponding to
minor thirds, sixths and sevenths were en-
tirely absent. In contrast, in subdued speech
only ~20% of the formant ratios correspond-
ed to major thirds, sixths and sevenths,
whereas ~10% of the ratios corresponded to
minor thirds, sixths and sevenths. These par-
allel differences between the occurrence of
formant ratiosin excited and subdued speech
and the ratios of the musical intervals that
distinguish major and minor melodies pro-
vide a further basis for associating the spec-
tra of speech in different emotional states
with the spectra of intervals that distinguish
major and minor music.

Discussion

The primary tonal distinction between ex-
cited and subdued speech is the fundamen-
tal frequency of a speaker’s voice; when a
speaker is excited the generally increased
tension of the vocal folds raises the funda-
mental frequency; conversely when a speak-
er is subdued, decreased tension lowers the
fundamental frequency (see Fig. 2). In music
two factors determine the frequency of a
musical interval’s implied fundamental: 1)
the ratio that defines the interval; and 2) the
pitch height at which the interval is played.
The defining ratios of minor thirds and sixths
(6:5 and 8:5 respectively) yield smaller
greatest common divisors than the defining
ratios of major thirds and sixths (5:4 and
5:3); thus minor thirds and sixths played at
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Fig. 3 The implied fundamental frequencies of tonic thirds, sixths, sevenths in major and minor melodies
from Western classical music (folk music shows the same trends). Arrows indicate the mean implied
fundamental frequency values for each distribution. Differences between the distributions of implied
fundamental frequencies for major and minor themes are highly significant for thirds and sixths

(p<0.0075 or less in independent two-sample t-tests)

the same pitch height as their major coun-
terparts will always have lower implied fun-
damentals. Although the average pitch
height of minor melodies is slightly higher
than that of major melodies (see Fig. 2), the
mean implied fundamentals of tonic thirds

and sixths in major music are higher than
those in minor music.

In contrast to the defining ratios thirds
and sixths, the defining ratio of the minor
seventh (9:5) yields a larger greatest com-
mon divisor than the defining ratio of the
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Fig.4 Comparison of the ratios of the first two
formants in excited and subdued speech derived
from single word utterances. The F2/F1 ratios have
been collapsed into a single octave such that they
range from 1 to 2. The distribution of formant
ratios in excited and subdued speech; green bars
indicate ratios within 1% of chromatic interval
ratios (see Table IA); gray bars indicate ratios that
did not meet this criterion

major seventh (16:9), making its implied
fundamental at a given pitch height higher
than its major counterpart. This fact indi-
cates why the pattern observed for tonic
thirds and sixths is not apparent for tonic
sevenths. Furthermore, nearly all of the im-
plied fundamentals of tonic sevenths (~99 %)
fall below the range of the fundamentals in
speech. These results accord with music the-
ory. Unlike tonic thirds and sixths, tonic sev-
enths are not taken to play a significant role
in distinguishing major and minor music
(Aldwell and Schachter 2003). Rather these
intervals are generally described as serving
other purposes, such as creating a sense of
tension that calls for resolution to the tonic
(opcit.). As a result, major sevenths are com-

Daniel Bowling and Dale Purves

monplace in both major and minor music
(see Table I).

The difference between the fundamental
frequencies of excited and subdued speech
also affects the prevalence of specific form-
ant ratios. Given the same voiced speech
sound, the positions of the first and second
formants are relatively similar in excited and
subdued speech, as they must be to allow
vowel phonemes to be heard correctly. The
higher fundamental frequencies of excited
speech, however, increase the frequency
distance between harmonics, causing lower
harmonics to underlie the first and second
formants. As a result the F2/F1 ratios in ex-
cited speech tend to comprise smaller num-
bers and thus more often represent musical
intervals defined by smaller number ratios.
Conversely, the lower fundamental frequen-
cies in subdued speech decrease the dis-
tance between harmonics, causing higher
harmonics to underlie the formants. Thus
the F2/F1 ratios in subdued speech tend to
comprise larger numbers, which more often
represent musical intervals defined by larger
number ratios. Intervals whose defining
ratios contain only the numbers one through
five (octaves, perfect fifths, perfect fourths,
major thirds, and major sixths) are more
prevalent in the F2/F1 ratios of excited
speech, whereas intervals with defining
ratios containing larger numbers (all other
chromatic intervals) are more prevalent in
the F2/F1 ratios of subdued speech (see
Table 1A and Fig. 4). In sum, the differences
in the spectra of excited and subdued speech
parallel differences in the spectra of major
and minor music.

A final question is why the musical and
emotional distinction between major and
minor melodies depends primarily on tonic
thirds, and how this fact aligns with the hy-
pothesis that associations made between
the spectral characteristics of music and
speech are the basis for the affective impact
of major versus minor music. One possibility
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is that among the intervals that differentiate
major and minor tone collections thirds en-
tail the lowest frequency and thus the most
powerful harmonics. Accordingly, thirds are
the most salient distinguishing intervals in
the spectra of both voiced speech sounds
and musical tones.

Conclusion

The results summarized here suggest that rou-
tine associations made between the spectra of
speech uttered in different emotional states and
the spectra of thirds and sixths in major and
minor music are the basis for the different
emotional effects of these different tone collec-
tions in music. These results support to the more
general idea that tonality can be understood in
terms of human vocalization. The implication of
this and related work (see Introduction) is that
musical aesthetics has a biological basis.

Glossary

Musical tone. A periodically repeating sound per-
ceived as having a pitch.

Musical scale. A collection of tones that divide oct-
aves (a doubling of frequency) into specific fre-
quency intervals used to create music.

Scale degree. The number that specifies the positi-
on of a tone within a scale; the lowest note is the
first scale degree, the second lowest tone is the
second scale degree, etc.

Musical interval. The frequency relationship be-
tween two tones; specific musical intervals are
defined by the ratios of their fundamental fre-
quencies (see Fig.1A).

Major/Minor intervals. Musical intervals that differ-
entiate major and minor scales, (see Fig.1).
Major intervals are a semitone greater than the
corresponding minor intervals.

Melody. An organized sequence of musical tones
that expresses a musical theme or phrase.

Fundamental frequency. The lowest frequency of
vibration in a harmonic series (e. g., the vibra-
tion of the full length of a plucked string).

Implied fundamental frequency. The frequency
equal to the greatest common divisor of the fun-
damental frequencies of two or more musical
tones.
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