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I DISCUSS THREE FUNDAMENTAL QUESTIONS

underpinning the study of consonance: 1) What fea-
tures cause a particular chord to be perceived as con-
sonant? 2) How did humans evolve the ability to
perceive these features? 3) Why did humans evolve
to attribute particular aesthetic valences to these fea-
tures (if they did at all)? The first question has been
addressed by several recent articles, including Fried-
man, Kowalewski, Vuvan, and Neill (2021), with the
common conclusion that consonance in Western lis-
teners is driven by multiple features such as harmo-
nicity, interference between partials, and familiarity.
On this basis, it seems relatively straightforward to
answer the second question: each of these consonance
features seems to be grounded in fundamental aspects
of human auditory perception, such as auditory scene
analysis and auditory long-term memory. However,
the third question is harder to resolve. I describe sev-
eral potential answers, and argue that the present evi-
dence is insufficient to distinguish between them,
despite what has been claimed in the literature.
I conclude by discussing what kinds of future studies
might be able to shed light on this problem.
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M USIC PSYCHOLOGISTS HAVE LONG BEEN

interested in consonance, the sense in which
certain combinations of tones seem to fit

well together while other combinations seem to fit
poorly. The psychological study of consonance is
underpinned by three fundamental research questions:
1) What features cause a particular chord to be per-
ceived as consonant? 2) How did humans evolve the
ability to perceive these features? 3) Why did humans
evolve to attribute particular aesthetic valences to these
features (if they did at all)?

Several recent studies, including Friedman, Kowa-
lewski, Vuvan, and Neill (2021), study the first ques-
tion using regression modeling (Eerola & Lahdelma,
2020; Harrison & Pearce, 2020; Smit, Milne, Dean, &
Weidemann, 2019). The common conclusion of
these studies is that consonance in Western listeners
is driven by multiple features (though see McDer-
mott, Lehr, & Oxenham, 2010, for contradicting
claims). All studies identify distinct contributions
of harmonicity and interference between partials,
and several additionally identify contributions of
familiarity as operationalized in various ways (Eerola
& Lahdelma, 2020; Harrison & Pearce, 2020; Smit
et al., 2019).

The second question seems also to have a straight-
forward answer: each feature seems to be grounded
in fundamental aspects of human auditory percep-
tion. Harmonicity is a key feature underpinning
fusion processes in auditory scene analysis that is
particularly useful for understanding vocalizations
(e.g., McPherson et al., 2020). Interference between
partials produces characteristic amplitude modula-
tions (‘‘beating’’) that propagate through the auditory
system (e.g., Vencovskỳ, 2016). Familiarity is mean-
while a simple byproduct of auditory long-term
memory.

The third question is less tractable. The literature
suggests several speculative answers:

Auditory scene analysis. Humans evolved to like har-
monicity and dislike interference because acoustic
environments with these properties are easy to
understand and hence safer for the organism
(Huron, 2001).

Vocal similarity. Humans evolved to like harmonicity
and to dislike interference between partials because this
encouraged them to attend carefully to vocalizations,
which carry important information about conspecifics
(Bowling, Purves, & Gill, 2018).

Social bonding. Humans evolved to prefer sounds with
high harmonicity and low interference because this
preference encouraged collaborative music making,
which in turn had adaptive functions of fostering social
bonding (Savage et al., 2020).
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These three positive hypotheses may be contrasted
with the following null hypothesis:

The null hypothesis (H0). Humans never evolved
any particular aesthetic predispositions towards har-
monicity or interference. The Western preference for
harmonicity and dislike of interference is simply due to
cultural convention (McDermott, Schultz, Undurraga,
& Godoy, 2016).1

New behavioral data must be evaluated in the light
of all competing hypotheses. Now, Friedman et al.
(2021) write that their results provide support for
the vocal similarity hypothesis, because the vocal
similarity hypothesis successfully predicts that
humans will prefer chords that exhibit high harmo-
nicity and low interference. However, this conclusion
is problematic, as their results are also consistent
with each of the other hypotheses as detailed above.
Bowling et al. (2018) similarly make a problematic
conclusion in favor of the vocal similarity hypothesis
without properly considering the alternative
hypotheses.

In particular, before making any conclusions about
Q3, it is essential to establish that humans are natu-
rally predisposed towards harmonicity and against
interference, rather than these preferences being
solely culturally learned. McDermott et al. (2016)
present important negative evidence here, showing
that the Tsimane’ people do not share Western pre-
ferences for harmonicity or for the kinds of chords
that Westerners perceive as consonant; likewise, the
existence of beat diaphony traditions (Ambrazevičius,
2017; Florian, 1981; Vassilakis, 2005; Vyčinien _e, 2002)
suggests that listeners in some musical cultures can
develop inverse preference patterns to Western listen-
ers. However, a complete solution to this question
requires large-scale studies examining preferences
cross-culturally.

Large-scale cross-species studies could meanwhile
deliver compelling support for one of the three positive
hypotheses. If harmonicity liking and interference dis-
liking were common to most animals with well-
developed auditory scene analysis capacities, this
would support the auditory scene analysis hypothesis.
If these phenomena were shown to be mostly specific
to species who make pitched vocalizations, this would

support the vocal similarity hypothesis. If the phenom-
ena were shown to be specific to species who make
synchronized vocalizations, this would support the
social bonding hypothesis. Unfortunately, the existing
research does not point to any of these outcomes: as of
yet, there is no compelling evidence that any non-
human animals perceive consonance in the valenced
way that Western listeners do (see Toro & Crespo-
Bojorque, 2017, for a review and Harrison & Pearce,
2020, for a discussion).

Large-scale cross-cultural and cross-species studies
present significant logistical challenges. In the mean-
while, some progress could be made in disentangling
the hypotheses by examining additional chord features
that might predict consonance judgments. For exam-
ple, if consonance judgments were shown to be mean-
ingfully influenced by additional acoustic features
specific to auditory scene analysis, this would provide
some support for the auditory scene analysis hypoth-
esis. Wright and Bregman (1987) present interesting
arguments in this direction that still lack comprehen-
sive empirical investigation (though see Bonin, Trai-
nor, Belyk, & Andrews, 2016, and Kowalewski,
Friedman, Zavoyskiy, & Neill, 2019). Alternatively, if
consonance judgments were shown to be meaningfully
influenced by additional features specific to vocaliza-
tions, this would support the vocal similarity hypoth-
esis. One must acknowledge, however, that this work
cannot really determine whether preferences for these
features truly evolved, rather than being wholly cultur-
ally determined: for this we still need cross-cultural
studies.

On the one hand, this is a negative conclusion: prop-
erly understanding the evolutionary bases of conso-
nance will require logistically complex cross-cultural
or cross-species studies rather than comparatively
straightforward studies with Western-enculturated lis-
teners (e.g., Bowling et al., 2018; Friedman et al., 2021).
On the other hand, the current growth of interest in
large-scale cross-cultural studies provides good rea-
sons to be optimistic for the future (e.g., Mehr et al.,
2019; Savage, Brown, Sakai, & Currie, 2015). In the
meanwhile, we must treat these kinds of evolutionary
questions with caution.

Author Note

Correspondence concerning this article should be
addressed to Peter M. C. Harrison, Max-Planck-
Institut für empirische Ästhetik, Grüneburgweg 14,
60322 Frankfurt am Main, Germany. E-mail:
peter.harrison@ae.mpg.de

1 In fact, McDermott et al. (2016) state a slightly different version of
this hypothesis. They claim that only harmonicity, not interference,
contributes to consonance; furthermore, they do not claim that
aversion to interference is not universal, only that liking of harmonicity
is not universal.
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VYČINIEN _E, D. (2002). Lithuanian Schwebungsdiaphonie and its
south and east European parallels. The World of Music, 44,
55–57.

WRIGHT, J. K., & BREGMAN, A. S. (1987). Auditory stream seg-
regation and the control of dissonance in polyphonic music.
Contemporary Music Review, 2(1), 63–92.

Three Questions Concerning Consonance Perception 339

D
ow

nloaded from
 http://online.ucpress.edu/m

p/article-pdf/38/3/337/453816/m
p.2021.38.3.337.pdf by U

niversity of C
am

bridge user on 03 M
arch 2021

https://doi.org/10.4407/jims.2016.12.002
https://doi.org/10.4407/jims.2016.12.002
https://doi.org/10.1016/j.cognition.2016.05.021
https://doi.org/10.1073/pnas.1713206115
https://doi.org/10.31219/osf.io/6aqhx
https://doi.org/10.31219/osf.io/6aqhx
https://doi.org/10.1037/rev0000169
https://doi.org/10.1037/rev0000169
https://doi.org/10.1525/mp.2001.19.1.1
https://doi.org/10.1525/mp.2019.36.5.448
https://doi.org/10.1525/mp.2019.36.5.448
https://doi.org/10.1016/j.cub.2010.04.019
https://doi.org/10.1016/j.cub.2010.04.019
https://doi.org/10.1038/nature18635
https://doi.org/10.1038/s41467-020-16448-6
https://doi.org/10.1038/s41467-020-16448-6
https://doi.org/10.1126/science.aax0868
https://doi.org/10.1126/science.aax0868
https://doi.org/10.1073/pnas.1414495112
https://doi.org/10.1017/S0140525X20000333
https://doi.org/10.1371/journal.pone.0218570
https://doi.org/10.1371/journal.pone.0218570
https://doi.org/10.3819/CCBR.2017.120004
https://doi.org/10.3819/CCBR.2017.120004
https://doi.org/0.1515/aoa-2016-0019


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


