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Toward a vocal model of music evolution

The fields of music cognition and psychoacoustics argue that Western musical scales
are “natural” because they are derived from the physics of sound via the harmonic series
(Rameau, 1722; Helmholtz, 1877; Gill and Purves, 2009). Harmonicity-based theories
of music are predicated on the idea that, because common Western scale-intervals are
specifiable as simple harmonic ratios (e.g., 3:2 for the perfect fifth), they must be given to
us by nature. We can conceive of this graphically as a linear grid that is populated along its
length by a series of perfect ratios as discrete points (3:2, 4:3, 5:4, etc.), kind of like a number
line. Given the fact that this grid is defined a priori by the physics of sound, all that is left
for us to do is tune our instruments to these harmonic ratios and ...voila... we have music
evolution! In reality, the elusive evolutionary mechanism that allows an acoustic process to
generate the corresponding motor capacity to produce scaled pitches is never explained by
proponents of the harmonicity theory. The theory is thus confined to the auditory system
and its perceptual mechanisms. In addition, the theory is completely asocial, offering no
explanation for the evolutionary functions of music in humans, not least for music’s universal
connection with group performance and the communication of emotion (Brown, 2000,
2022).

An alternative to the accepted view that music is an accommodation to the perception
of sound is our proposal that music is an accommodation to the production of vocally-
generated sounds during social communication, as enabled by novel evolutionary changes
to the neuro-laryngeal system. While we are unable to state with certainty that the voice was
the original musical instrument, we will base our theorizing on the plausible assumption
that evolutionary changes to the vocal mechanism led to the emergence of both music and
speech. In the case of speech, nobody would argue that surrogates for the voice (such as
drums or whistles) evolved first, and yet virtually all theories of musical scales over the last
2,500 years have only ever considered musical instruments as the proper model of music’s
evolution, leading to the emergence of mathematical tuning theories of scales in all of the
large civilizations over the last two millennia (Rameau, 1722; Helmholtz, 1877). In such
theorizing, scales come first, and melodies are generated to accord with them, just as with
modern-day symphony orchestras. In contrast, a vocal-motor account argues that melodic
vocalizations evolved long before cultural evolution of precisely tunable musical instruments
permitted theoretical formulations of scales.

Instead of basing a theory of musical scales on a prescribed top-down grid of harmonic
ratios, we need to start with the bottom-up mechanisms of vocal production, not least
since the voice cannot be tuned a priori. These mechanisms are evolutionarily novel in
the human lineage, and so they provide critical insights into why human music is such a
distinct phenomenon in nature, and why similar melodic systems based on scaled pitches
are so uncommon in other animals, despite similarities in their auditory organs. In the
following sections, we will present a vocal model of the evolutionary origin of musical scales
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called the Interval Spacing model (Pfordresher and Brown, 2017;
Brown, 2022; Phillips and Brown, 2022a,b; see Sato et al., 2019 for
a related idea). This is summarized in Figure 1. According to this
model, what is “natural” in music is that which is given to us by the
biology of vocal production, not by the physics of sound perception,
although the two processes unquestionably condition one another,
just as in all sensorimotor systems (Prum, 2012, 2013).

Neuro-laryngeal evolution

A vocal model of the origin of music creates a linkage to
the significant biological changes that have occurred to both the
vocal tract and the vocal regions of the cerebral cortex during the
course of human evolution. Not only is the larynx in a descended
position in the vocal tract compared to all non-human primates
(Fitch, 20005 Nishimura, 2006), but the cortical region that controls
vocal pitch through its regulation of the laryngeal muscles occupies
a novel location in the human motor cortex compared to the
monkey brain (Brown et al., 2008). In fact, humans have evolved
a dual representation of the larynx in the motor cortex. One
area is most likely the homolog of the monkey area, whereas
the other is an evolutionarily novel human area for the control
of vocal pitch in speech and song (Brown et al., 2008; Pfenning
et al., 2014; Belyk and Brown, 2017). This latter region—called the
larynx motor cortex (LMC)-most likely conferred onto humans
the capacity for voluntary control of vocalization, compared to
the far more involuntary systems of non-human primates. These
linked evolutionary changes to the larynx and the vocal brain have
contributed to the signature feature of human vocalization relevant
to music, namely the ability to produce level tones (“pitches”)
coupled with the ability to produce stable intervallic transitions
between these pitch-levels to generate melodies. Without such a
mechanism, one could not talk about pitch classes, interval classes,
scales, or melodies in music. Music in most cases is a digitization
of a continuous acoustic space to create stable-if imprecise-pitch-
levels and the intervals between them.

The other significant evolutionary change to the human vocal
system beyond the ability to phonate level tones and transitions is
our capacity for vocal learning, another offshoot of the evolution
of voluntary control of vocalization. Vocal production learning
is a uniquely human trait among all living primates and is rare
among animals more generally (Petkov and Jarvis, 2012; Vernes
et al., 2021). Importantly, this newly evolved capacity for vocal
imitation has an impact not only on how individuals learn how
to produce music, but on how groups of people chorus together.
Chorusing is a social feature of music that is rarely mentioned in
models of music evolution, although Jordania (2006) provides a
comprehensive counterexample. It is an important phenomenon
to consider in music’s evolution since it provides the appropriate
context to think about harmonicity’s role in the origins of music,
namely harmonizing. We need octave equivalence in order to
understand how people of differing vocal ranges are able to sing
in unison, despite singing pitches that are an octave apart (Sato
etal., 2019). Octave equivalence might in fact be harmonicity’s most
salient contribution to music.
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Interval spacing as a response to vocal
imprecision

While music is defined by the use of relatively discrete pitch-
levels and transitions, a vocal model of the origins of music has
to contend with the great deal of imprecision that characterizes the
voice as a pitch-producing instrument, not least compared with the
tunable instruments that serve as the foundation for harmonicity
theories. While the 3:2 ratio of the perfect fifth and the 4:3 ratio
of the perfect fourth are discrete points along the linear grid of
harmonic ratios, the production of these interval-classes during
singing tends to show overlap. Pfordresher and Brown (2017) used
the metaphor of an “interval island” to describe interval-classes
during singing and how these islands overlap one another in actual
vocal production.

Phillips and Brown’s (2022b) computational analysis of 418
scales from indigenous vocal traditions across 10 world regions
demonstrated a mean imprecision value of 1.5 semitones across
all pitch-classes. Such a level of imprecision implies that scale
spacings of less than a whole tone (i.e., 2 semitones) are going to
be overlapping. This 1.5-semitone imprecision leads to an upper
limit on the number of scale tones that can reasonably fit within an
octave, resulting in heptatonic scales as the limiting case. This raises
the important point that a vocal model of music is able to account
for the size of scales cross-culturally. The harmonicity theory of
scales, being based on perception alone, is only limited by the 4-
cent just-noticeable difference observed in frequency perception
(Oxenham, 2013), hence creating the possibility for scales to have
300 pitches per octave (where an octave is 1,200 cents). A motor
theory based on vocal imprecision explains why such a model is
untenable. A follow-up analysis by Brown et al. (in preparation) of
the same set of 418 scales analyzed by Phillips and Brown (2022b)
revealed that the mean interval-size between adjacent scale-tones
was 2.2 semitones, or just larger than a whole tone. In fact, more
than 90% of the scale-intervals in the corpus spanned the region
of 50 to 350 cents, corresponding with three step-sizes in Western
music theory: a semitone, whole tone, and minor third, in other
words a whole tone +/- a semitone. The remaining 10% of the
scale-intervals were made up of the major third and perfect fourth.

We have capitalized on such findings to create a model of
musical scales called the Interval Spacing model, as summarized
in Figure 1 (Pfordresher and Brown, 2017; Phillips and Brown,
2022a,b). The central tenet of the model is that physiological
constraints on vocal production have had a causal impact on
the size and intervallic spacing of musical scales. Adjacent scale-
tones have to be spaced far enough apart to be distinguishable
in production, but not so far as to tax the vocal system. As
a result, the most common scale interval cross-culturally is the
whole tone (Mehr et al., 2019; Brown et al., in preparation). The
semitone seems to be the smallest reliably singable interval in music
(Burns, 1999). Cultural factors in singing style-including the use of
portamento, vibrato, and melisma-can further push vocalists away
from precise intervallic production (Lomax, 1968; Wood, 2021),
even while melodic traditions tether their songs to certain structural
regularities, creating fuzzy “zone scales” (Kondrat'eva, 2009) or

»

“loosely-knit modal folk-song scale[s]” (Grainger, 1908).
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The Interval Spacing model of musical scales
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FIGURE 1

semitones, whole tones, and minor thirds.

The Interval Spacing model of musical scales. Coupled evolutionary changes to the larynx and the larynx-controlling region of the primary motor
cortex confer onto humans the capacity to produce level tones (“pitches”) and specific intervallic transitions between them, allowing humans to sing
musical melodies. However, the voice is a highly imprecise pitch-generating instrument, necessitating that there be adequate spacing between
adjacent scale-tones in order for these tones to be distinguishable in production. Next, Sachs (1943) proposed that scales can be constructed from
the bottom up through a process of accretion. He proposed two mechanisms for achieving this: (1) affixation, where pitches are added to one end of
an existing scale, and (2) infixation, where pitches are added internal to an existing scale (the " indicates the newly added scale tone). Sachs also
proposed that small scales were the first scales to appear during human evolution, and that larger scales appeared later. Cultural diversification of
scale-types through changes in scale size and composition can occur in a generative manner using a small set of building blocks, most notably

Construction of scales from the
bottom up

Can we imagine an alternative mechanism for generating
musical scales other than the top-down grid of harmonic ratios
given to us by acoustics? Can we imagine a model of scales that
prioritizes melodies over scales and that sees scales as an abstraction
of the way that people sing melodies (Meyer, 1956)? While the
Interval Spacing model accounts for the impact of vocal constraints
on the composition of scales (i.e., whole tones are optimal) and
the size of scales (i.e., heptatonic or smaller), it does not provide
an evolutionary explanation for how scales are constructed or
how they diversify culturally. To shed light on this topic, we
revive a bottom-up scale model put forward by the comparative
musicologist Curt Sachs in the 1940’s. This is shown in the middle
panel of Figure 1. According to Sachs (1943), scales evolve by the
accretion of scale tones. Scales start out small and increase in size
over historical time up to their physiological vocal limit of around
seven pitches per octave. Sachs proposed two mechanisms by which
scales can expand in size: affixation and infixation (see Figure 1). In
affixation, a new pitch is added to one end or the other of an existing
scale. In infixation, a new pitch is added internal to an existing scale
as a filler. Note that the Interval Spacing model provides guidelines
for how these new pitches should be incorporated into the existing
scale. Whether a scale expands through affixation or infixation, the
spacing between adjacent scale-tones should generally be a whole
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tone +/- a semitone, as is clearly seen in indigenous vocal scales
cross-culturally (Brown et al,, in preparation).

Sachs’ model is a generative theory of scales: it establishes
a combinatorial mechanism for the formation of scales. Scales
can expand using intervals such as semitones, whole tones, and
minor thirds as their basic building blocks. This can create what
Sachs (1943) calls “a kaleidoscopic infinity of variations and
permutations” (p. 39), as shown empirically by the striking amount
of scale diversity both within and between cultures. although
cultural evolution can stabilize certain patterns, for example the
pentatonic scale (Savage et al., 2015). The Indian system of Karnatic
melakarta scales is similarly a combinatorial system based on this
same set of building blocks (Massey and Massey, 1993). Note
that this generative model of scale construction contrasts with the
harmonicity model in that the latter views the octave as its starting
point and then takes a divisive approach to breaking down the
octave through the sequential incorporation of discrete harmonic
ratios (e.g., 3:2, 4:3). By contrast, the Sachs system is an additive
mechanism based on the accretion of scale tones (and potentially
the subtractive loss of scale tones as well). It assumes neither an
octave nor a tonic, but simply the sequential addition of stably
spaced tones. In addition, Sachs (1943) proposed that small scales
evolved before larger scales during the course of human evolution,
and this seems to be a reasonable working hypothesis. In Brown
et al. (in preparation), 12% of the scales in the corpus were three
tones or less.
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An additive model might suggest that musical scales should be
equidistant, as based on some optimal interval size. For example,
McBride and Tlusty (2020) provide a computational analysis that
argues that a model like the Interval Spacing model predicts
equidistance in scales. Interestingly, Sachs (1943) does not broach
this topic. While most of the transcriptions that he presents of
scales from indigenous songs are non-equidistant (e.g., CFG, CFA),
some of them are indeed equidistant (FGA, DGC). Musicological
work has demonstrated the presence of equidistant scales in both
vocal (Ambrazevic¢ius, 2009; Ambrazevi¢ius and Budrys, 2013)
and instrumental music (Ross and Knight, 2019; McBride and
Tlusty, 2020). A commonly described limitation of equidistant
scales is the presumed absence of a tonal center. However, Ross and
Knight (2019) describe mechanisms by which this limitation can be
successfully overcome.

In addition to the experimental (Pfordresher and Brown,
2017) and ethnographic (Phillips and Brown, 2022b) approaches
discussed here, future work on the Interval Spacing model should
examine topics such as the modeling of scales based on interval-
spacing principles (e.g., avoid consecutive semitones), the analysis
of pitch-intervals in spoken utterances (see Chow and Brown,
2018), the ability of people to sing melodies that either abide by or
violate interval-spacing principles, and ontogenetic analysis of how
musical scales emerge developmentally in children’s singing, where
children are well-known to be imprecise singers (Goetze et al., 1990;
Rutkowski, 1990; Welch, 2009).

In conclusion, the Interval Spacing model’s basic tenet that
vocal-motor constraints are a major causal factor in explaining
the known scale-tone spacings of “a whole tone +/- a semitone”
coupled with Sachs’ generative model for constructing scale
sequences from the bottom up provide a production-driven and
vocal alternative to the standard perception-driven theory of scales
based on perfect harmonic ratios and the a priori tuning of
instruments. These ideas are supported by the evidence of striking
evolutionary changes to the neuro-laryngeal system in humans,
establishing music, like speech, as a novel biological function.

References

Ambrazevitius, R. (2009). “Returning to musical universals: question of equidistant
scale,” in Proceedings of the 7th Triennial Conference of European Society for the
Cognitive Sciences of Music, eds J. Louhivuori, T. Eerola, S. Saarikallio, T. Himberg,
and P. -S. Eerola (Jyvaskyld), 11-15.

Ambrazevi¢ius, R, and Budrys, R. (2013). “Traces of equidistant scale in
Lithuanian traditional songs,” in Proceedings of the Third International Workshop
on Folk Music Analysis, eds P. van Kranenburg, C. Anagnostopoulou, and A. Volk
(Amsterdam), 51-55.

Belyk, M., and Brown, S. (2017). The origins of the vocal brain in
humans. Neurosci. Biobehav. Rev. 77, 177-193. doi: 10.1016/j.neubiorev.2017.
03.014

Brown, S. (2000). “Evolutionary models of music: from sexual selection to group
selection,” in Perspectives in Ethology. 13: Behavior, Evolution and Culture, eds
F. Tonneau and N. S. Thompson (New York, NY: Plenum Publishers), 231-281.
doi: 10.1007/978-1-4615-1221-9_9

Brown, S. (2022). The Unification of the Arts: A Framework for
Understanding What the Arts Share and Why. Oxford: Oxford University Press.
doi: 10.1093/0s0/9780198864875.001.0001

Brown, S., Ngan, E., and Liotti, M. (2008). A larynx area in the human motor cortex.
Cereb. Cortex 18, 837-845. doi: 10.1093/cercor/bhm131

Frontiersin Psychology

10.3389/fpsyg.2023.1261218

Author contributions

SB: Conceptualization, Funding acquisition, Writing—original
draft, Writing-review and editing. EP: Writing-review and editing.

Funding

The author(s) declare financial support was received for
the research, authorship, and/or publication of this article. This
work was supported by a grant to SB from Natural Sciences
and Engineering Research Council (NSERC) of Canada (Grant
Number: RGPIN-2020-05718).

Acknowledgments

We thank John McBride for critical reading of an earlier version
of this article and for suggestions for improvement.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Brown, S., Phillips, E., Husain, K., and McBride, J. M. (in preparation). Musical
scales optimize pitch spacing: a global analysis of traditional vocal music.

Burns, E. M. (1999). “Intervals, scales, and tunings,” in The Psychology of
Music, 2nd edn., ed D. Deutsch (San Diego, CA: Academic Press), 215-264.
doi: 10.1016/B978-012213564-4/50008-1

Chow, I, and Brown, S. (2018). A musical approach to speech melody. Front.
Psychol. 9:247. doi: 10.3389/fpsyg.2018.00247

Fitch, W. T. (2000). The evolution of speech: a comparative review. Trends Cogn.
Sci. 4, 258-267. doi: 10.1016/S1364-6613(00)01494-7

Gill, K. Z., and Purves, D. (2009). A biological rationale for musical scales. PLoS
ONE 4:e8144. doi: 10.1371/journal.pone.0008144

Goetze, M., Cooper, N., and Brown, C. J. (1990). Recent research on singing in the
general music classroom. Bull. Counc. Res. Music Educ. 104, 16-37.

Grainger, P. (1908). Collecting with the phonograph. J. Folk Song Soc. 3, 147-242.

Helmbholtz, H. (1877). On the Sensations of Tone, Translated by Alexander J. Ellis.
New York, NY: Dover Publications.

Jordania, J. (2006). Who Asked the First Question? The Origins of Human Choral
Singing, Intelligence, Language and Speech. Tbilisi: Logos.

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1261218
https://doi.org/10.1016/j.neubiorev.2017.03.014
https://doi.org/10.1007/978-1-4615-1221-9_9
https://doi.org/10.1093/oso/9780198864875.001.0001
https://doi.org/10.1093/cercor/bhm131
https://doi.org/10.1016/B978-012213564-4/50008-1
https://doi.org/10.3389/fpsyg.2018.00247
https://doi.org/10.1016/S1364-6613(00)01494-7
https://doi.org/10.1371/journal.pone.0008144
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Brown and Phillips

Kondrat'eva, N. (2009). “Pitch structures in the traditional music of the peoples
of Siberia,” in Perspectives on the Song of the Indigenous Peoples of Northern
Eurasia: Performance, Genres, Musical Syntax, Sound, ed J. Niemi (Tampere: Tampere
University Press), 23-34.

Lomax, A. (1968). Folk Song Style and Culture. Washington, DC: American
Association for the Advancement of Science.

Massey, R., and Massey, J. (1993). The Music of India. London: Kahn and Averill.

McBride, J., and Tlusty, T. (2020). Cross-Cultural Data Shows Musical Scales Evolved
to Maximise Imperfect Fifths, 1-19. doi: 10.31234/0sf.io/a97x4

Mehr, S. A, Singh, M., Knox, D., Ketter, D. M., Pickens-Jones, D., Atwood,
S., et al. (2019). Universality and diversity in human song. Science 366:¢aax0868.
doi: 10.1126/science.aax0868

Meyer, L. B. (1956). Emotion and Meaning in Music. Chicago, IL: University of
Chicago Press.

Nishimura, T. (2006). “Descent of the larynx in chimpanzees: mosaic and multiple-
step evolution of the foundations for human speech,” in Cognitive Development in
Chimpanzees, eds T. Matauzawa, M. Tomonaga, and M. Tanaka (Toyko: Springer),
75-95. doi: 10.1007/4-431-30248-4_5

Oxenham, A. J. (2013). “The perception of musical tones, in Psychology
of Music. 3rd edn., ed D. Deutsch (Amsterdam: Academic Press), 1-33.
doi: 10.1016/B978-0-12-381460-9.00001-8

Petkov, C. I, and Jarvis, E. D. (2012). Birds, primates, and spoken language origins:
behavioral phenotypes and neurobiological substrates. Front. Evol. Neurosci. 4:12.
doi: 10.3389/fnevo.2012.00012

Pfenning, A. R, Hara, E, Whitney, O., Rivas, M. V., Wang, R., Roulhac,
P. L, et al. (2014). Convergent transcriptional specializations in the brains
of humans and song-learning birds. Science 80:1256846. doi: 10.1126/science.
1256846

Pfordresher, P. Q., and Brown, S. (2017). Vocal mistuning reveals the origin of
musical scales. J. Cogn. Psychol. 29, 35-52. doi: 10.1080/20445911.2015.1132024

Phillips, E., and Brown, S. (2022a). “Beyond harmonicity: toward a vocal-melodic
theory of the origin of musical scales,” in Music in Human Experience: Interdisciplinary

Frontiersin

05

10.3389/fpsyg.2023.1261218

Perspectives on a Musical Species, ed J. Friedmann (Cambridge: Cambridge Scholars
Press), 247-276.

Phillips, E., and Brown, S. (2022b). Vocal imprecision as a universal constraint on
the structure of musical scales. Sci. Rep. 12, 19820. doi: 10.1038/s41598-022-24035-6

Prum, R. O. (2012). Aesthetic evolution by mate choice: darwin’s really dangerous
idea. Philos. Trans. R. Soc. B Biol. Sci. 367, 2253-2265. doi: 10.1098/rstb.2011.0285

Prum, R. O. (2013). Coevolutionary aesthetics in human and biotic artworlds. Biol.
Philos. 28, 811-832. doi: 10.1007/s10539-013-9389-8

Rameau, J.-P. (1722). Treatise on Harmony, Translated by Philip Gossett. New York,
NY: Dover Publications.

Ross, B., and Knight, S. (2019). Reports of equitonic scale systems in African musical
traditions and their implications for cognitive models of pitch organization. Music Sci.
23, 387-402. doi: 10.1177/1029864917736105

Rutkowski, J. (1990). The measurement and evaluation of children’s singing voice
development. Quarterly. 1, 81-95.

Sachs, C. (1943). The Rise of Music in the Ancient World: East and West. New York,
NY: W.W. Norton and Company.

Sato, S., Six, J., Pfordresher, P., Fujii, S., and Savage, P. E. (2019). “Automatic
comparison of global dhildren’s and adult songs supports a sensorimotor hypothesis
for the origin of musical scales,” in Proceedings of the 9th International Workshop on
Folk Music Analysis (Birmingham), 41-46. doi: 10.31234/osf.io/kt7py

Savage, P. E.,, Brown, S., Sakai, E., and Currie, T. E. (2015). Statistical universals
reveal the structures and functions of human music. Proc. Natl. Acad. Sci. 112,
8987-8992. doi: 10.1073/pnas.1414495112

Vernes, S. C., Janik, V. M., Fitch, W. T., and Slater, P. J. B. (2021). Vocal
learning in animals and humans. Philos. Trans. R. Soc. B Biol. Sci. 376:20200234.
doi: 10.1098/rstb.2020.0234

Welch, G. F. (2009). Evidence of the development of vocal pitch matching ability in
children. Japanese J. Music Educ. Res. 39, 38-47.

Wood, A. W. (2021). Songs of Earth: Aesthetic and Social Codes in Music. New York,
NY: The Association for Cultural Equity.


https://doi.org/10.3389/fpsyg.2023.1261218
https://doi.org/10.31234/osf.io/a97x4
https://doi.org/10.1126/science.aax0868
https://doi.org/10.1007/4-431-30248-4_5
https://doi.org/10.1016/B978-0-12-381460-9.00001-8
https://doi.org/10.3389/fnevo.2012.00012
https://doi.org/10.1126/science.1256846
https://doi.org/10.1080/20445911.2015.1132024
https://doi.org/10.1038/s41598-022-24035-6
https://doi.org/10.1098/rstb.2011.0285
https://doi.org/10.1007/s10539-013-9389-8
https://doi.org/10.1177/1029864917736105
https://doi.org/10.31234/osf.io/kt7py
https://doi.org/10.1073/pnas.1414495112
https://doi.org/10.1098/rstb.2020.0234
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

	The vocal origin of musical scales: the Interval Spacing model
	Toward a vocal model of music evolution
	Neuro-laryngeal evolution
	Interval spacing as a response to vocal imprecision
	Construction of scales from the bottom up
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


