
States, legislation saying that budgets ought to be increased is sepa-
rate from the legislation that actually increases them. And the latter 
promptly got lost in the government’s budgetary meltdown, as Con-
gress year after year fails to approve final numbers for each fiscal cycle 
until months later than expected. When the fiscal 2008 numbers were  
approved last December, the funding that Congress had pencilled in 
for the COMPETES Act — and that the agencies had been counting 
on — had disappeared. The resulting turmoil has forced research 
agencies to put major initiatives on hold, to put employees at national 
laboratories on unpaid leave, and to pinch pennies everywhere.

Many of the Gathering Storm authors in Washington last week 
were understandably furious. Broken promises are demoralizing, to 
say the least, and make it impossible for agencies to plan or man-
age coherently. Still, many of Gathering Storm’s best ideas could be 
implemented without waiting for Congress to collectively grow up 
and show financial responsibility. These ideas include bolstering pro-
grammes to train maths and science teachers; getting more students 
to enrol in advanced courses in high school; providing special funds 
to help young scientists start their own labs; and making it easier for 
foreign-born scientists to enter the country. Such measures would still 

require action from Congress, the president, or both. But they might 
very well be faster and easier to implement than the kind of major 
national commitment outlined in the America COMPETES Act.

In addition, it is important for supporters of the competitiveness 
initiative to remember that they, too, have a responsibility, which is to 
keep on communicating to legislators and to the American public  at 
large why America COMPETES is more than just a ‘Full Employment 
For Physical Scientists Act’. As David Ferraro of the Seattle-based Bill 
& Melinda Gates Foundation pointed out at the conference, the hotel 
ballroom was an “echo chamber”: Americans elsewhere don’t neces-
sarily buy the notion that pouring money into research is the best way 
to spend their tax dollars. Indeed, some researchers argue that the sta-
tistics showing that the United States is falling behind have been misin-
terpreted (see H. Salzman & L. Lovell Nature 453, 28–30; 2008).

So, while the Gathering Storm goals are worthy ones (see Nature 
437, 1208; 2005), supporters would be well advised to broaden their 
message beyond the usual suspects. Members of Congress are not 
going to stay on target for long when their constituents have other 
pressing issues, such as the economy or the war in Iraq, on their 
minds. !

Bountiful noise
Whether in music or in nature, noise can be full of 
riches. The trick is to recognize the treasures.

Laughter and hisses — that’s how a London promenade concert 
audience greeted the world premiere of a revolutionary musi-
cal composition in 1912. The response was hardly unusual, 

given that audiences of the day were regularly having their assump-
tions challenged by composers bent on redefining Western music. 
But unlike other dissonant masterpieces of that era, such as Igor 
Stravinsky’s The Rite of Spring, the Five Orchestral Pieces of Arnold 
Schoenberg still come across to many as little more than noise. 
There are reasons for that, as a series of essays on science and music 
launched in this issue will make clear. But then, as other articles in 
today’s issue illustrate, ‘noise’ has its treasures too.

Schoenberg’s composition deliberately defied all the prevailing 
standards of music. It was, in his own words, “devoid of architecture 
or construction, just an uninterrupted changing of colours, rhythms, 
and moods”. But it did have an expressive purpose, he insisted: “The 
music seeks to express all that swells in us subconsciously like a 
dream.” Indeed, for today’s sympathetic listener, the musical elements 
are distinctively recognizable and the emotional charge is tangible. 
Yet the language is still a challenge.

Of course, as Philip Ball explains in an Essay in this issue (see page 
160), even more traditional music defies all attempts to explain its 
function in terms of mathematical or cognitive ‘naturalness’. Sub-
sequent essays in the series will highlight both the universalities in 
music — for example, how a mother’s lullaby and rocking during 
early childhood are thought to lay a foundation for humans’ aural 
and physical responsiveness — and music’s diversity: the range of 
cultural conventions in such apparently fundamental elements as 

pitch scales and perceptions of rhythm. Essayists will also describe, 
for example, the challenges in acoustics of allowing audiences to hear 
music to its best advantage. 

Drawing on musicology, statistics, cognitive and evolutionary 
biology and acoustics, the series will help us understand why most of 
Schoenberg’s music is more challenging than that of his  contemporary 
and champion, Gustav Mahler — let alone the music of Johann Sebas-
tian Bach. But it will also remind us that none of these disciplines has 
yet been able to answer the fundamen-
tal question: why does music have such 
power over us? Nor can they explain 
how avant garde composers in the 1950s 
were able to take noise itself and make 
something new and true with it. Anyone 
who has performed Karlheinz Stock-
hausen’s Kontakte, for example, which 
pioneered much subsequent electronic 
music by presenting manipulated electronic noise amid the sounds 
of percussion and piano, will tell you that the piece has an incompre-
hensible power. Anyone with an open musical ear who has listened to 
György Ligeti’s Atmospheres for orchestra will say the same.

The average listener isn’t the least worried that musicologists and 
scientists cannot explain why we enjoy music. What matters is that its 
true bounties are recognized, and then explored and analysed. That 
applies not only to noise-like music, but also to nature. In that spirit, 
we can celebrate the fact that seismologists have begun to recognize 
and unpick the value of the ambient hum of the planet (see page 146). 
And we can enjoy the positive benefits that noise seems to have on 
living cells (see page 150).

Above all, what matters is that analysis strengthens rather than 
weakens humankind’s sense of wonder — even as the natural ter-
rain of exploration gets messier and as great composers make 
understanding music even more challenging. !

“The average listener 
isn’t the least worried 
that musicologists 
and scientists cannot 
explain why we enjoy 
music.”
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How strange that music is deemed a phe-
nomenon in need of scientific explana-
tion. We don’t, in general, construct 

objective theories of how great paintings ‘work’, 
or great literature, dance or sculpture. We are 
interested in what is happening at a perceptual 
level when we experience these arts, but there 
is always a space in which we leave them to 
speak for themselves, beyond the reach of cold 
facts. Yet with music, scientific studies seem to 
be on the trail of an absolute, all-encompass-
ing explanation that connects neurology with 
creativity, auditory physiology with acoustic 
physics. There seems to be a conviction that the 
composer Arnold Schoenberg was right when 
he cautioned: “One day the children’s children 
of our psychologists will have deciphered the 
language of music.”

This ‘scientification’ of music is part of a very 
old tradition. In antiquity and the Middle Ages 
music was not an art in the modern sense; it was 
one of the four sciences of the syllabus called 
the liberal arts, alongside geometry, arithmetic 
and astronomy. Scholars studied music to learn 
about the natural harmony of the world, and 
performed music was often dismissed as frip-
pery. The early sixth-century Roman philoso-
pher Boethius ranked it as the least of his three 
classes of ‘music’, and agreed with Pythagoras 
that music should ideally be studied while “set-
ting aside the judgement of the ears”.

The practice of music does have something 
of the mathematical about it. Some of the 
experiments in compositional symmetry, such 
as the palindromes and mirror reflections of 
Wolfgang Amadeus Mozart and Joseph Hadyn, 
are little more than the parlour tricks of an age 
that delighted in such amusements. But many 
other musical forms and theories have deeper, 
more formal organization, from the interwoven 
fugues of Johann Sebastian Bach to the quasi-
mathematical laws of composition developed 
by Paul Hindemith. 

In the final throes of Schoenberg’s twelve-
note serialism in the 1960s, composers such 
as Pierre Boulez insisted on a mathematical 
rigidity that almost sucks their music dry of 
expression and makes onerous demands of the 
listener’s ability to perceive ordered forms. And 
in some types of non-Western music, pattern 
and structure rather than emotion or tone-
painting provide the foundations of composi-
tion. This is the case in polyrhythmic African 
drumming, for instance, and the shimmering 
soundscapes of Javanese gamelan.

Even musicians are uncertain of what kind 
of art it is they are engaged in, and what, if any-
thing, can be said about it. ‘Is there meaning in 
music?’ asked US composer Aaron Copland. 
He felt there was, but admitted to being unable 
to articulate what that meaning is. 

Almost the only thing we can say about 

music as a cultural phenomenon is that it seems 
to be universal. Music serves very diverse ends, 
sometimes with more apparent emphasis on 
the ritualistic than the hedonistic. Even when 
it is taken very seriously — in some Native 
American cultures a ceremony has to be started 
again if a single note is out of place — anthro-
pologists have often struggled to understand 
how or to what extent cultures apply intel-
lectual and aesthetic judgements. Sometimes 
music is a commodity for sale and exchange; 
elsewhere it is inseparable from dance. 

Given this range of what music is and what 
functions it serves, how can we make sense of it 
as an acoustic, cognitive, cultural and aesthetic 
phenomenon? That need not be deemed an 
entirely hopeless task, but it is not one that 
science will accomplish alone.

What is to ‘understand’?
Trying to understand music is a little like try-
ing to understand biology. The problem is so 
hard that you have to be reductionist, break-
ing it down into the building blocks and how 
they function. Then you find that the original 
problem has evaporated: in this atomistic view, 
‘life’ or ‘music’ ceases to be visible at all.

Nonetheless, it makes sense to start with the 
nucleotides of music: single notes, idealized 
perhaps to pure tones with a single acoustic 
frequency. Here, like Pythagoras with his 

Facing the music
At the heart of any scientific explanation of music is an understanding of 
how and why it affects us. In the first of a nine-part essay series, Philip Ball 
explores just how far we can hope to achieve a full scientific theory of music.
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vibrating strings, we ponder the apparent pri-
macy of simple ratios in proportion and fre-
quency, getting an octave from 2:1, a perfect fifth 
interval from 3:2 and a perfect fourth from 4:3.

Already there are complications. For one 
thing, musicians do not generally create pure 
sine tones. Instruments, like any resonating 
natural object, produce blends of a fundamen-
tal tone and harmonics with 
frequencies that are integer 
multiples of the fundamen-
tal. To us, these complex tones 
sound like a single note and 
not a chord. 

The brain seems to have 
evolved simple empirical rules 
of interpretation that furnish a good guess 
about the nature of the sounds we are hearing. 
As nearly all natural sounds are harmonically 
complex, the brain attributes related tones to 
a single sound source, combining them into 
a single auditory object. This is one of the 
‘Gestalt principles’ the brain uses to decode 
sounds. It seems to be a basic aspect of sound 
processing — part of the natural auditory con-
ditioning through which music is filtered. 

These non-musical acoustic processing 
principles influence how music is composed. 
The rules of counterpoint developed in the 
early Baroque period, for example, use Gestalt 
grouping mechanisms to prevent separate mel-

ody lines from merging1. Bach and others also 
exploited the capacity to generate auditory illu-
sions in the technique called virtual polyphony: 
splitting a single melodic line into two by 
means of alternating large pitch jumps.

Some have suggested that, through the 
series of overtones, conventional Western 
scales are inherent in a single, harmonically 

complex note. This idea was 
formalized by the eighteenth-
century French composer 
Jean-Philippe Rameau, who 
showed that the major triad 
(tonic–third–fifth) can be 
derived from the harmonic 
series. Other music theorists 

have claimed that all the notes in the major 
scale (the white piano notes starting on C, 
say) originate this way, as higher harmonics 
of the fundamental tone. 

Similar proposals have been made to explain 
why certain combinations of notes are conso-
nant, or comfortable to the ear: simple arith-
metical relationships between their frequencies 
are said to confer a favoured status in audi-
tory processing. Such pythagorean reasoning 
fails to unravel convention and conditioning 
from physiology. For one thing, several ‘con-
sonant’ intervals in the conventional Western 
‘equal-tempered’ major scale (the major 
third in particular) have frequency ratios far 

from their ‘ideal’ values. Equal temperament, 
which divides the octave into twelve equally 
spaced semitones, is needed because transpos-
ing between keys does not preserve the ideal 
ratios. An E in the key of C does not have the 
same pitch as an E in the key of A, say. So a 
scale defined by pythagorean proportions in C 
will be increasingly out of tune the farther the 
key moves away from C. Our ears don’t seem to 
object to the adjustments that equal tempera-
ment demands.

There is no apparent reason why a scale 
based on the harmonic series should sound 
more ‘natural’ than any other. This is borne 
out when we look at non-Western music. Some 
Javanese scales, for instance, pay no heed to 
intervals with small-integer ratios. Yet scales 
are not arbitrary. Most have between four and 
seven notes arranged asymmetrically within 
the octave, with some pitch steps bigger than 
others. They also tend to avoid steps much 
smaller than the Western semitone. The idea 
that some systems, such as those of Indian clas-
sical music, use finer visions, or ‘microtonal’ 
scales, has given way to a recognition that these 
microtones are basically embellishments of a 
simpler basic scale.

So how do different cultures decide on their 
musical scales? Cognitive studies on infants 
and primates offer some evidence that the 
brain recognizes the octave, and possibly the 

“The practice of music 
does have something 
of the mathematical 
about it.”
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fifth as ‘special’. Indeed, these intervals feature 
in nearly all musical cultures that use scales. The 
other notes in a scale seem to be constrained in 
other ways, too. If there are too many notes per 
octave, it is hard to tell them apart, and instru-
ments are difficult to tune. There is probably 
a good reason why most scales have unequal 
steps, as in the way the Western diatonic scales 
switch between whole notes and semitones. 
This asymmetry offers clues about a melody’s 
tonal centre, letting a listener quickly figure out 
‘where the tune is’ in relation to the tonic note.

It is also not obvious how much of the rela-
tive consonance and dissonance of different 
intervals, if any, is a ‘natural’ phenomenon. 
Certainly, notions of consonance in Western 
music have been fluid, defined largely by con-
vention. But there does seem to be a genuine 
sensory dissonance in some 
combinations of tones, caused 
by the unpleasant sensation of 
beating between two tones that 
differ only slightly in frequency. 
Hermann von Helmholtz first 
did the maths in the nineteenth 
century and showed that sensory 
dissonance dips at the intervals 
corresponding to the Western 
scale, suggesting that physics 
does play a part in determining this scale. Yet 
there is considerable flexibility in the range of 
tunings that our ears will tolerate. It may even 
be that acclimatization to a convention can 
completely override these acoustic facts.

Why does music move us?
How interval, melody and harmony act on 
the emotions is central to our understanding 
of music. But we still have only hints of the 
mechanisms — or even of the basic phenom-
ena. Take the tonic–minor third interval, for 
example: this ubiquitous musical element does 
not feature in the harmonic series at all. Some 
theorists have tried to argue that ‘pulling down’ 
the major third by a semitone to create the 
minor third creates an intrinsically sad effect. 
A passing acquaintance with Irish, Spanish or 
Hungarian folk music demolishes any idea 
that this association is anything more than a 
convention. Medieval church music largely 
ignored major keys, but not because it was 
trying to be ‘sad’; the secular music of medi-
eval troubadours used the major third, but not 
to be ‘happy’. And Aristotle insisted that the 
Phrygian mode, a kind of scale that includes a 
minor third, “inspires enthusiasm”. 

Unlike literature, music cannot convey 
complex semantic ideas in any universal way. 
Musical phrases did have particular, conven-
tional ‘meanings’ in the Western classical era 
of Mozart and Haydn, and some have tried to 

argue that instrumental music of other times 
has specific meanings that can be objectively 
decoded. Generally such efforts end up as 
dogmatic assertion, evoking French composer 
Albert Roussel’s poignant image of the musi-
cian “alone in the world with his more or less 
unintelligible language”.

Unlike visual art, there is no tangible refer-
ent in music that we can point to and contem-
plate at our leisure. Music works its invisible 
magic for a moment, then it is gone. It refers 
to nothing else in the world except by occa-
sional, intentional mimicry. It is hard enough 
to understand why we can make the slightest 
sense of these eliding acoustic signals, let alone 
why they move us to tears and laughter, make 
us dance or rage. Acculturation alone does 
not seem sufficient to account for it: we can 

enjoy the music of other cultures 
intensely, yet miss all its impor-
tant allusions and structures. 

Someone coming to the psy-
chology of music to understand 
how those passions are stirred 
will probably be disappointed. 
Current studies are often woe-
fully inadequate, even simple-
minded. When neurologists 
examine how and when people 

classify musical extracts as ‘happy’ or ‘sad’, the 
music lover may reasonably say it traduces 
the emotive qualities of music, as though we 
sit through Igor Stravinsky’s The Rite of Spring 
either beaming or moping. 

But we have to start somewhere. And even 
these reductive attitudes to musical affect can 
reveal useful things about how the brain proc-
esses musical input. Take the case of a patient 
with brain damage studied by Isabelle Peretz 
and her colleagues at the University of Montreal 
in Canada, for example. This patient had lost all 
ability to recognize either melody or rhythm 
but somehow retained the ability to make a ‘cor-
rect’ distinction between happy and sad. She 
claimed to still enjoy music but lacked what 
seemed to be the basic neural mechanisms for 
comprehending it2. This finding suggests that 
affective and cognitive processing of music 
might involve different neural pathways.

Crudely speaking, there are two camps in 
the analysis of emotion in music. One says 
that the emotional content is inherent in musi-
cal cues: the choice of mode (major/minor), 
tempo, timbre, melodic contour and so forth. 
The other says that it is all about how the music 
unfolds in time: how a combination of innate 
and learned responses set up expectations 
about what the music will do, and emotional 
tension and release flow from the way these 
are manipulated, violated and postponed3. 
Much of this is achieved during performance. 

An expressive performer uses subtle changes 
of timing, loudness, phrasing and improvized 
ornamentation to bring out emotional quali-
ties that become barren under the hands of an 
inexpressive, mechanical player. 

What’s missing?
All this still falls pitifully short of telling us ‘how 
music works’. It can provide endless narratives 
about musical events that tend to be somewhat 
arbitrary and untestable. Do several repeated 
notes create an expectation of further repeti-
tion, or of imminent change? When is a viola-
tion of expectation pleasing, and when does it 
jar, confuse or irritate? In complex polyphonic 
music, violations can take too many potential 
directions for us to develop meaningful expec-
tations about them. Beyond a rough sense of 
shifting tonal centres, I feel no real expectations 
at all when confronted with the dense, multi-
faceted slabs of sonic matter that make up, say, 
Arthur Honegger’s first symphony. 

We need a better understanding of how the 
alchemy of music depends on texture. This may 
be less easily atomized than melody, rhythm and 
harmony, but it is a more ‘musical’ characteristic. 
Here, perhaps, music is working like visual art, 
just as Mark Rothko’s paintings are not mere rec-
tangles of maroon but complex, textured paint 
surfaces that massage and enliven the brain. 
Violations of expectation can’t account for how 
that happens. 

A lot of music is, after all, less about 
sequences of notes or beats than about sound 
sculptures, rich in timbre and composed of 
interlocking and overlapping layers that func-
tion as composite entities. This type of music, 
whether it is by Messiaen or Ministry, is far 
ahead of music psychologists still looking for 
tension peaks in a Mozart sonata.

Far from discouraging scientific studies as 
futile, these current lacunae should be a stimu-
lus to it. We might start by accepting that it is 
fruitless to try to define ‘music’. We will either 
leave something out, or include a lot of noise. 
We might accept too that we should not expect 
anything like a fully scientific theory of some-
thing so fluid. Perhaps there will always be some 
fundamental limitation in connecting how our 
brains work with what we do with them.  !

Philip Ball is a consultant editor for Nature. His 
new book Universe of Stone: Chartres Cathedral and 
the Triumph of the Medieval Mind is published this 
month by Bodley Head. 

1. Huron, D. Music Perception 19, 1–64 (2001).
2. Peretz, I., Gagnon, L. & Bouchard, B. Cognition 68, 111–141 

(1998).
3. Meyer, L. B. Emotion and Meaning in Music (Univ. Chicago 

Press, Chicago, 1956).  

See Editorial, page 134, and http://tinyurl.com/
559f2c for further reading.

“How interval, 
melody and 
harmony act on 
the emotions is 
central to our 
understanding 
of music.”
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The evolution of music
In the second of a nine-part essay series, Josh McDermott explores the origins 
of the human urge to make and hear music.

We think we understand why we are driven to 
eat, drink, have sex, talk and so forth, based on 
the uncontroversial adaptive functions of these 
urges. The drive to engage in music, a compul-
sion that is arguably just as pervasive in our 
species, has no such ready explanation. Music 
was one human behaviour that Charles Dar-
win was uncertain he could explain, writing in 
The Descent of Man, and Selection in Relation to 
Sex: “As neither the enjoyment nor the capac-
ity of producing musical notes are faculties 
of the least use to man ... they must be 
ranked amongst the most mysterious 
with which he is endowed.” 

Music’s origins have remained 
puzzling in the years since, 
although there is no short-
age of speculation on the 
subject. Some argue that 
music is merely a side 
effect of traits that evolved 
for other functions. Our 
perceptual and cogni-
tive abilities may have 
accidentally resulted in 
a system that finds pleas-
ure and interest in musi-
cal stimulation. This idea 
should perhaps be the null 
hypothesis, and is by no 
means implausible. Music’s 
perceptual basis could derive 
from general-purpose audi-
tory mechanisms, its syntactic 
components could be co-opted 
from language, and its effect on 
our emotions could be driven by the 
acoustic similarity of music to other 
sounds of greater biological relevance, such 
as speech or animal vocalizations.

Just-So stories
Others contend that music is an adaptation 
with an associated biological function. Some 
(including Darwin) have proposed that music 
is the product of sexual selection. Alternative 
hypotheses include that music promoted social 
cohesion in group activities such as war or reli-
gion, that music was an evolutionary anteced-
ent to language, or that its evolution was driven 
by the pacifying effect it has on infants.

These discussions run the risk of being 
mostly ‘Just-So’ stories, as there are few data 
with which to test or constrain theories. The 

fossil record provides scant clues, and many of 
the experiments that one might conduct to ask 
questions about adaptations in other species, 
such as removal of a trait to test the effect on 
fitness, are impractical or unethical. Moreover, 
any current effect on fitness, or lack thereof, 

are shared with other cognitive domains. 
Despite not explicitly testing particular 
adaptationist theories, these two research direc-
tions nonetheless constrain theories of music’s 
evolution in useful ways. Any music-related 
behaviour that has been selected for must have 
a genetic basis; and many aspects of music may 
not be so determined. A trait selected for its 
role in music might additionally be expected 

to function specifically in music, and not 
in other domains. If some music-

related trait — say, the ability to 
perceive pitch changes — were 

shown to overlap functionally 
with something that had a 
clear adaptive function, 
such as the perception 
of speech intonation, it 
would seem more likely 
that its role in music is 
a fortuitous side effect. 
No single such exam-
ple is definitive, but 
repeated demonstra-
tions of nonspecificity 
would render adapta-
tionist hypotheses less 

plausible. 

Culture club
The mere presence of 

music in every known cul-
ture implies some genetic 

basis. But music varies dramat-
ically from culture to culture, and 

many aspects of musical behaviour 
seem at best only weakly constrained 

by genetics. Whereas our ability to hear 
pitch intervals, for instance, could well be 

biologically rooted in the hardware of the audi-
tory system, our emotional response to particu-
lar scales or chords seems likely to be acquired 
from exposure to a particular culture. Interac-
tions between genes and environment are com-
plex, and unravelling their contributions is not 

easy, but studies of music 
in different cultures and of 
musical development offer 
some hope.

A number of interesting 
music-related traits emerge 

in human infants with fairly minimal musical 
input, providing some evidence for innate 
constraints. Babies notice when the notes of a 
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is of questionable relevance, as music’s func-
tions today might well differ from those that 
were operative when it evolved. But just as it is 
premature to speculate about adaptive function 
in the absence of data, it is 
also too soon to conclude 
that music’s origins are 
fully unknowable.

The way forward lies 
in targeting two more 
modest goals. Empirical studies can help to 
identify musical traits that have a genetic 
basis, and can test whether these traits 

“Some have proposed that 
music is the product of 

sexual selection.” 
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melody are reordered, but not when they are 
shifted to a different pitch range. Infants, 
like adults, are sensitive to the relation-
ships between notes, which is preserved 
in transposition, but altered by reor-
dering. Infants also tend to be capti-
vated by music relative to many other 
stimuli. Not all music is equivalent to 
them — they prefer combinations 
of notes that are judged by 
adults to sound pleasing, or 
consonant (the perfect fifth, 
for instance), over combina-
tions that are less pleasing, 
or dissonant (a minor second). 
Infants may even extract metre 
from music: they react when the 
rhythm changes from a march to 
a waltz. 

Universal appeal
Features of music that occur repeatedly 
around the world despite the substantial 
cultural variation in music also provide 
clues to genetically constrained mechanisms. 
Lullabies seem to qualify as a rare universal 
— nearly every culture has a genre of music 
geared towards infants, and there is consider-
able consistency in how they sound, generally 
being slow, repetitive and featuring descending 
pitch contours. Other features that are com-
mon, if not completely universal, among cul-
tures include the inclination to dance to music, 
musical metre, and the hierarchical organiza-
tion of pitch, giving structural prominence to 
particular notes over others. 

Might any of these potentially heritable traits 
have evolved specifically for music? Examin-
ing functional overlap with other domains 
can provide insight. Language is generally the 
most popular candidate; both faculties com-
bine discrete elements (notes/phonemes) into 
complex structures according to rules. There 
is growing evidence that this resemblance is 
more than superficial. Neuroimaging shows 
frequent overlap between 
the brain regions that lan-
guage and music activate. 
Recent studies suggest that 
Broca’s area — thought to 
be responsible for linguistic 
syntax — is also activated 
by chords that are inappro-
priate to their musical con-
text, indicating that the area may have a role in 
musical ‘grammar’. Behavioural research also 
suggests that music and language comprehen-
sion can interfere with each other. 

It is also conceivable, although largely 
untested, that much of the interest that young 
infants have in music is due to its similarity to 

speech or other biologically relevant signals. 
Experiments manipulating this similarity 
could help to reveal whether there is an effect 
that is specific to music. 

Animals and music
Music perception in animals can also help to 
determine the functional specificity of musi-

cal traits. Animals lack music; 
although some birds, whales 
and other species are said to 
‘sing’, song is absent in most 
primates, including the apes, 
and as such is almost surely 
not homologous to human 
music. Any music-related 
trait found in animals, such as 

a preference for some sounds over others, or 
a tendency to hear pitches an octave apart as 
similar, is thus likely to represent a more gen-
eral-purpose mechanism. Similarities between 
human and nonhuman animals can thus indi-
cate that a trait did not evolve for music. 

Most studies on music perception in animals 

have emphasized their differences with 
humans rather than potential homolo-
gies. Animals, unlike adult and infant 
humans, have difficulty recognizing 

melodies that have been shifted up 
or down in pitch, for instance. 

Comparative data are gen-
erally more powerful when 

similarities are present 
across species rather 
than differences and, 
so far, few are evident 
for music. Many musi-
cal capacities, however, 
remain unexplored. 
Rhythm and metre, 
for instance, have been 
neglected, and could 
plausibly result from 

general-purpose mecha-
nisms that some animals 
might share. The list of 

species that have been tested 
is also short; notably absent are our closest 

relatives, the apes, whose auditory systems 
and cognitive abilities are likely to be closest 
to our own.

Enduring puzzle
So far, it seems as if there are several aspects of 
musicality that emerge early in life with mini-
mal exposure to music, and several that are 
present across diverse musical cultures. These 
traits may thus be partially heritable. It remains 
possible that none of these traits is specific to 
music. This would argue against the idea that 
music is an adaptation. However, there is much 
we still do not know, and future experiments 
could certainly alter this picture. 

Music is universal, a significant feature of 
every known culture, and yet does not serve 
an obvious, uncontroversial function. As such 
it stands in contrast to other universal human 
behaviours. Speculation about its possible 
adaptive functions has been popular since the 
time of Darwin, and shows few signs of resolu-
tion. Empirical approaches offer a promising 
alternative. There is no guarantee that a full 
account of music’s origins will ever emerge; in 
fact, that seems quite unlikely at present. None-
theless, the right experiments will reveal a great 
deal — about the innate core of musical behav-
iour, the traits that might be unique to music, 
and the possible origins of those components 
that are not. All of which promises to enrich 
our appreciation of this human obsession. !

Josh McDermott is a postdoctoral associate 
studying hearing and music perception in 
the Department of Psychology, University of 
Minnesota, 75 East River Road, Minneapolis, 
Minnesota 55455, USA.
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“Music is a significant 
feature of every known 

culture, despite not 
serving an obvious 
adaptive function.”



Never has so much music been so easily
available. Go online, and you can 
download millions of recordings, from 

Spanish flamenco to Inuit throat singing. As a 
consequence, people are aware of the diversity 
of ‘world musics’ as never before. 

But this rich cacophony is the soundtrack 
to a collapse in the diversity of musical minds. 
A Nigerian group might sing in Yoruba, but 
the harmonies are thoroughly Western. Native 
American Navajo singers make valiant efforts 
to preserve their traditions, but to the trained 
musicologist, their singing bears the unmis-
takable imprint of Western scales. The casual 
listener hears a wealth of variety; the musicolo-
gist detects a rapidly spreading monoculture 
— albeit expressed in many forms.

Music scholars have long been aware of the 
homogenizing effects of globalization1. Of 
course, musical cultures have always hybrid-
ized. The Silk Road, which connected Asia 
with the Mediterranean for nearly 2,000 years, 
had marked impacts on the music of Persia and 
Mesopotamia. The Atlantic slave trade brought 
people from West and Central Africa to the 
Caribbean and the Americas for 300 years, 
and the vibrant musical consequences of this 
human tragedy are all around us.

Today, one musical culture, that of the West, 
is influencing all others. What do we risk 
losing? Well, suppose that we find a musical 
behaviour present in all the world’s cultures. 
This could reveal some universal in human 
behaviour. But if all the world’s musics are 
influenced by a single dominant culture, uni-
versals become uninterpretable. A behaviour 
might be an innate cognitive disposition, or 
just an artefact of westernization. We won’t be 
able to work out, for example, whether people 

in different cultures perceive dissonance — an 
unpleasant combination of notes — in a similar 
way, or whether similar responses arise from 
exposure to Western music. 

As the diversity of musical minds disappears, 
researchers will increasingly turn to Plan B: 
mining the recorded archives, assembled over 
the past century by the heroic efforts of ethno-
musicologists. Fortunately, much of this was 
recorded before westernization took its toll. 
Unfortunately, Plan B looks less tenable than 
previously thought. The situation is alarming 
to those studying the cognitive neuroscience 
of music. 

Spandrel or foundation?
Music provides unique opportunities for 
understanding both brain and culture. Sci-
entifically, we know relatively little about the 
peculiar human obsession with music. Perhaps 
music is a spandrel — an artefact of the devel-
opmental foundations of 
language. Or perhaps music 
has a unique phylogenetic 
origin2. We don’t know. 
Emotionally, music and lan-
guage seem to share a single 
code: a pitch contour that 
sounds sad when spoken 
will also sound sad played on an instrument3. 
Yet other research suggests that the neural 
mechanisms involved in rhythm are unrelated 
to language4. 

There are innumerable pitfalls to under-
standing music and musical experience. Con-
sider a simple aspect of melodic organization. 
Like the movements of the stock market, the 
up-and-down meandering of melodies has 
been the object of sustained statistical study5. 

In many cultures, including Western, melodic 
pitches are normally distributed, and like all 
values drawn from such distributions, succes-
sive values regress towards the mean. When 
you encounter a tall person on the street, you 
might successfully predict that the next person 
you encounter will be shorter. But the presence 
of a tall person did not cause the next person 
to be shorter. The operative principle is simply 
that most people are of average height. 

Something similar happens in melodies. 
But Western-enculturated listeners, antici-
pating whether the next pitch will be higher 
or lower, do not appreciate this. Instead, they 
expect large changes of pitch in a melody to 
be followed by a change of direction (this is 
called post-skip reversal). Listeners do not 
expect regression-to-the-mean even though 
this is the underlying principle6.

This, and similar research with Western 
listeners has taught us an important lesson: 

the objective organization 
of sounds is only loosely 
related to how minds inter-
pret those sounds. A piece of 
music may exhibit features 
A, B and C, but only careful 
experimentation will show 
that listeners interpret A as 

X, hear B imperfectly as B2, and are completely 
oblivious of feature C. Western melodies, for 
example, have an objective tendency to rise 
and then fall in pitch. Although encultur-
ated listeners expect the ends of melodies to 
descend, they are curiously insensitive to the 
initial ascent. For centuries, Western music 
scholars wrongly assumed that common 
objective patterns in the scores were directly 
apprehended by listeners. If thoughtful West-

Lost in music
Music provides unique opportunities for understanding both brain and culture. But globalization means that 
time is running out, warns David Huron, for the quest to encounter the range of possible musical minds.

“Even in the western 
Amazon, people listen 
to Funk Carioca and 
Christina Aguilera.”
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erners could be so wrong about interpreting 
their own music, imagine the capacity for 
self-deception regarding the music of another 
culture. When we observe an objective pat-
tern in the music of some culture, we cannot 
assume that the pattern has any significance 
for culturally knowledgeable listeners.

Like linguists trying to make sense of sound 
recordings from an extinct language, music 
psychologists have realized that the archives 
of ethnomusicological field recordings will tell 
us little about the minds behind those musical 
cultures. One cannot do experimental studies 
with pre-existing data, and so causality cannot 
be inferred. Correlational studies are no substi-
tute for true experimental manipulation. 

Difference engine
Variance is the lifeblood of empirical research. 
Without variability, data tell us little. In the 
case of musical behaviours, such variability 
has been found between the sexes, according 
to age and with respect to musical training. 
But these experiments have been largely lim-
ited to the lab rat of psychology — Western 
undergraduate students. Music psychologists 
have belatedly realized the importance of car-
rying out experiments with rapidly disappear-
ing non-Western cultures. We don’t yet know 
whether cultural differences dwarf the differ-
ences we see within Western culture.

When Paul Ekman did his classic studies 
of human facial expressions7, he rightly sought 
out people who had limited contact with 
Western people, movies and even photo-
graphs. Working with isolated cultures was 
essential, otherwise any behavioural similari-
ties could be discounted as artefacts of cultural 
contamination. Comparable cross-cultural 

experiments in sound are rare. In 
fact, few of the most basic musical concepts 
proposed by scholars have been tested in non-
Western cultures.

Last year I joined an expedition of biologists 
to the remote Javari region of the Amazon. The 
biologists were censusing the wildlife. I was 
interested in the people. We encountered sub-
sistence hunter–farmers with transistor radios. 
Even in the western Amazon, people listen to 
Funk Carioca and Christina Aguilera.

Linguists know how fast languages disap-
pear. Musical cultures may be an order of 
magnitude more fragile. It will be many cen-
turies before the whole world speaks Man-
darin. Meanwhile Western music has swept 
the globe faster than aspirin. Robust musical 
cultures remain in China, India, Indonesia 
and the Arab world, but even in these regions, 
most people are thoroughly acquainted with 
Western music through film and television. 
Less robust musical cultures are disappear-
ing rapidly or are showing deep infiltration 
by Western musical foundations. Many have 
already disappeared. There remain only a 
few isolated pockets, such as the highlands of 
Papua New Guinea and Irian Jaya.

Regrettably, most cognitive scientists are 
ill-equipped to do remote field work, and 
few ethnomusicologists know how to do an 
experiment. This situation must change rap-
idly if we are to have much hope of glimpsing 
the range of possible musical minds. We have 
perhaps just a decade or so before everyone on 

the planet has been brought up with Western 
music or its derivatives.

Of course, we shouldn’t underestimate 
future researchers’ methodological cleverness 
in separating hybrid cultural experiences into 
their prior constituents. And it may be that all 
of the important lessons to learn about music 
can be found in Western music. But it would 
be rash to rely on these hopes.

In future centuries, music scholars may well 
curse our generation. We have the technical 
means to study different musical cultures and 
we still have a few isolated cultures to study. 
In the long span of music research, we live at a 
unique but fleeting moment. !

David Huron is at the School of Music & Center 
for Cognitive Science, Ohio State University, 
Columbus, and author of Sweet Anticipation: 
Music and the Psychology of Expectation.
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In search of an original voice, the dominant 
composers of the mid-twentieth century 
— Arnold Schoenberg, Pierre Boulez and 

their disciples — rejected the tonal and rhyth-
mic forms of the past. They adhered to rigor-
ous compositional techniques such as the serial 
tone-row method — in which all notes of the 
chromatic scale occur equally often in a repeat-
ing row — banishing tonality. Some powerful 
compositions were written in the serial style, but 
few are played regularly today. Asked in 1999 
why this might be, Boulez responded: “Well, 
perhaps we did not take sufficiently into account 
the way music is perceived by the listener.”

Understanding the structure and develop-
ment of our auditory pathways, and how expe-
rience modifies them, may inform us about why 
some musical experiments are successful, and 
others are not. Why, for instance, the melodies 
of Gustav Mahler, the driving rhythms of Igor 
Stravinsky or the dissonances of John Adams 
make these modern composers popular today, 
whereas the music of some others, such as Luigi 
Dallapiccola and Luigi Nono, is rarely heard.

Music is conceived by our brains, played 
through our bodies, perceived through our sen-
sory organs and then interpreted by our brains. 
Thus it is subject both to general constraints of 
our neural system and to specific constraints of 
our auditory processing capacities.

During childhood, each of the billions of 
neurons in the human auditory system forms 
thousands of connections to other neurons, 
creating neural networks. Genes control 
the characteristics of neural circuits, devel-
opmental waves of neuronal and synaptic 
proliferation, and the later pruning of neu-
ral connections to form efficient circuits for 
processing sound. Experience also profoundly 
affects the neural connections formed. Studies 
show that rats raised in environments contain-
ing only white noise with no pitch or rhythm 
are unable to recognize everyday sounds, and 
are greatly impaired even in their ability to dis-
criminate different pitches1.

Certain sounds elicit specific, powerful emo-
tions in people, presumably a testament to the 
evolutionary heritage of our auditory systems. 
Low, loud, dissonant sounds evoke fear; rapid, 
higher, consonant sounds evoke friendliness or 
joy. Mothers around the world talk and sing to 
infants using a cooing tone of voice and higher 
pitch than when interacting with adults. Infants 
prefer these higher-pitched vocalizations and 

mothers sing in different styles to help prelin-
guistic infants regulate their emotional state. 
Across cultures, songs sung while playing with 
babies are fast, high and contain exaggerated 
rhythmic accents; lullabies are lower, slower 
and softer.

Talking to people of all ages, we use falling 
pitches to express comfort; relatively flat, high 
pitches to express fear; and large bell-shaped 
pitch contours to express joy and surprise. 
Hearing music with an unfamiliar structure, 
listeners base their emotional reactions largely 
on such sound features.

Music is built on general, universal features 
of human sound processing that have deep evo-
lutionary roots. It also incorporates rhythmic, 
melodic and harmonic structure. Musical struc-
tures and styles vary enormously across cul-
tures, and change as continually as languages, 
yet our biology constrains the possibilities.

Rhythm is a dancer
Musical rhythm may have its origins in the 
motor rhythms controlling locomotion, 
breathing and heart rate. Babies receive cor-
related sound and movement input as parents 
rock them while singing. This and other early 
experience encourages movement and auditory 
representations to wire together in the brain.

Although music makes us want to move to 
the beat, movement evolved first and there 
are multi-sensory connections in the brain 
between motor and auditory areas. Therefore 
it should also be the case that how we move 
affects how we interpret rhythms. We have 
shown this with a repeating 6-beat rhythm 
pattern with no accents that can be perceived 
as two groups of three beats (as in a waltz) or 
as three groups of two beats (as in a march). 
Adults and infants who bounce up and down 
on every second beat report hearing — or in 
the case of the infants prefer — a march. Those 
bouncing on every third beat hear a waltz2.

The evolutionarily ancient vestibular system 
for balance plays a crucial role in the interac-
tion between movement and the perception 
of musical rhythm, indicating that music and 
dance could have evolved together. Stimulat-
ing someone’s vestibular nerve alternately on 
the left and right sides gives a sensation that 
the head is moving from side to side. Such 
stimulation alone, on either every second beat 
or on every third beat of an unaccented 6-beat 
rhythm pattern, biases judgement of whether 

the music is heard as a march or a waltz3. 
Western music, from pop to classical, tends 

to use simple rhythmic structures. Folk music 
from many other traditions uses complex 
structures, for example pitting groups of 7 and 
11 beats against each other. Young infants can 
perceive complex rhythmic structure, but they 
lose this ability before they are a year old if not 
exposed to such rhythms.

Our capacity for processing rhythmic com-
plexity is likely to underlie the comparative 
success of rhythmic experimentation over 
pitch experimentation in the twentieth cen-
tury. It might explain why rhythmic structures 
from many traditions around the world have 
been successfully incorporated into music, 
why audiences embrace the jazz rhythms of 
composers such as George Gershwin, and why 
people find the rhythmic richness of compos-
ers such as Stravinsky, Béla Bartók, Jennifer 
Higdon and film composer Danny Elfman so 
compelling.

Pitch invasion
The use of pitch in music reflects the con-
straints of auditory mechanisms for identifying 
objects and separating sound sources. These 
constraints are evident in the near-universal 
use of consonance and dissonance as an organ-
izing principle; in the use of scales comprising a 
small set of pitch categories that repeat at octave 
intervals, reducing the amount the listener has 
to remember; and in the use of at least two dif-
ferent-sized intervals in scales, allowing the 
emergence of different relationships between 
tone pairs and tonal functions such as ‘tonic’ 
and ‘dominant’ in Western diatonic scales. 

Sensory dissonance arises from how the 
basilar membrane vibrates in the cochlea of the 
inner ear, and from the firing patterns of audi-
tory nerve fibres that this movement activates. 
The basilar membrane acts as a sort of Fourier 
analyser. It reacts to each frequency compo-
nent of a sound, with the point of maximal 

The neural roots of music
Laurel Trainor explains how the emotional power of music depends on 
the structure of the ear, and on our basic encoding of information. 
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vibration near one end for low 
frequencies and near the other 
for high frequencies. Two 
simultaneous frequencies 
that are less than a critical 
bandwidth apart cause vibration pat-
terns that interact on the membrane. 
This is why it is difficult to hear indi-
vidual tones in chord clusters with small pitch 
distances between adjacent notes.

The perceived pitch of a sound corresponds 
to its energy at integer multiples — harmonics 
— of a fundamental frequency. Two sounds 
containing harmonics within critical band-
widths make interference patterns on the 
basilar membrane, and produce a sense of dis-
sonance. The frequency content of tones is also 
processed according to when neurons fire, and 
consonant and dissonant stimuli cause differ-
ent types of firing patterns in auditory nerves. 

Emotions arise in part through the ebb and 
flow of tension in music. Alternation between 
consonance and dissonance is a powerful 
device in this regard. Dissonance can be very 
beautiful, and resolution to consonance espe-
cially poignant. Composers can choose to 
ignore the fundamental physiological power 
of the consonance–dissonance relation and 
the information-processing power of discrete 
pitch and unequal interval sizes in scales. But 
by doing so, they create music that demands 
more of the listener because it lacks some of 
the most powerful physiological organizing 
principles of our nervous system.

Perception also depends on experience. 
During development, infants and children learn 
the pitch organization of their culture’s music 
types and thereafter process music through 
the filter of this knowledge. Even musically 
untrained Western listeners acquire implicit 
knowledge of the Western major scale. They 
readily detect a wrong note that goes outside 
the scale on which a melody is based. They have 

considerably more trouble detecting changes 
within the scale because these do not violate 
their implicit knowledge of which notes belong 
in the key. Infants under one, on the other hand, 
do not yet process music according to particu-
lar scales, and notice changes that violate major 
scale structure and changes that do not.

Experience counts
Harmonic structure (sequences of chords that 
follow each other according to syntactic rules) 
dominates Western music, but is relatively 
rare across musical systems. Without specific 
musical training, sensitivity to harmonic 
structure emerges in children only after about 
5 years of age4.

Scale and harmonic structures depend on 
learning. By contrast with sensory consonance 
and dissonance, there is more flexibility in how 
they are perceived. They also show greater diver-
sity across the world’s musics. For example, dif-
ferent intervals are used in the Western major 
and minor scales, the pentatonic scale, and the 
many melodic modes (r!gas) used in Indian 
classical music. Whereas many traditions, such 
as r!ga improvisations, employ a drone, or 
single pitch, over which the melody is played, 
fully developed harmonic syntax as in Western 
music is very rare. Our ability to learn different 
scales and harmonic structures gives composers 
considerable flexibility for experimentation that 
audiences can perceive and appreciate.

To recap: the spectral and temporal organi-
zation of music — its rhythm and pitch — 
derives from our biology. Neural constraints 
dictate that some musical structures are easier 

to perceive and learn, giving rise to some near-
universal features of music. Music is difficult 
to process when consonance and dissonance 
do not anchor the ebb and flow of tension, and 
when all pitches are equally prominent. Such 
music has no point from which to interpret 
pitch intervals. For many listeners, this level of 
difficulty is not enjoyable. Equally, music that is 
too simple and predictable can be boring.

The flexibility of our auditory system and 
its dependence on learning enables us to 
invent different musical structures, and allows 
musical tastes to change with familiarity and 
experience. There are notable examples of 
audience revolts at premier performances of 
works that seem tame to future generations 
— Stravinski’s ballet The Rite of Spring caused 
a riot and  Beethoven’s third symphony was 
incomprehensible to reviewers. What has not 
changed recently is our evolutionary inherit-
ance, the structure of our sensory organs, our 
basic encoding of information and our visceral 
responses to features of sound that unleash the 
emotional power of music in our lives. !

Laurel Trainor is director of the McMaster 
Institute for Music and the Mind, and the 
Auditory Development Lab at McMaster 
University, 1280 Main Street West, Hamilton, 
Ontario L854L8, Canada. 
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Music engages much of the brain, and 
coordinates a wide range of process-
ing mechanisms. This naturally 

invites consideration of how music cognition 
might relate to other complex cognitive abili-
ties. Language is an obvious candidate, as, like 
music, it relies on interpreting complex acous-
tic sequences that unfold in time.

Whether music and language cognition 
share basic ways of making sense of sound 
has only recently begun to be studied empiri-
cally. An exciting picture is emerging. There 
are more connections between the domains 
than might be expected on the basis of domi-
nant theories of musical and linguistic cogni-
tion — from sensory mechanisms that encode 
sound structure to abstract processes involved 
in integrating words or musical tones 
into syntactic structures. Compara-
tive music–language research 
offers a way to explore the 
processing underlying 
both domains. Such 
work may lead to a 

Talk of the tone
To appreciate how our species makes sense of sound we must study the brain’s response to a wide 
variety of music, languages and musical languages, urges Aniruddh D. Patel.

deeper understanding than could be achieved 
by studying each domain in isolation.

Practically all the work in this area, including 
my own, has focused on Western languages and 
musical traditions. This has been a productive 
starting point because both have been studied 
the most deeply theoretically and empirically. 
It is now time to broaden the cultural scope of 
comparative cognitive research.

World view
Fascinating questions about music and language 
emerge when one looks beyond Western cul-
ture. For example, what do musical scales (such 
as ‘do-re-mi-fa-so-la-ti-do’) have to do with lan-
guage? At first glance, the answer seems to be 
‘very little’. No human language, not even those 
in which a word’s pitch can change its meaning, 
organizes pitch in terms of musical scales.

In the West there has been a tendency to 
view the structure of our musical scales as a 

product of nature, reflecting the laws of 
acoustics and of auditory physiology.

Musical scales and their 

constituent pitch intervals are implicitly con-
sidered a sort of mathematics made audible, 
a view that can be traced back to Pythagoras’ 
experiments with vibrating strings. Elsewhere, 
the Javanese pelog and slendro scales have pitch 
intervals not found in Western scales, and there 
is substantial variation in the tuning of these 
from one gamelan orchestra to the next. The 
subtle microtones of Arabic and Indian music, 
which enrapture native listeners, can sound out 
of tune to Western ears. 

Hence the structure of our Western scales 
cannot be considered universal. What is uni-
versal across cultures is the use of a small and 
consistent set of pitches and intervals within 
the octave as a framework for performance and 
perception. Within any given culture, listeners 
absorb this system simply through exposure and 
unconsciously use it to extract discrete pitch 
categories from signals in which pitch varies 
continuously (as in song, where there are often 
smooth glides between notes).

Viewed in this way, there is a conceptual 
connection to the learning of sound categories 
in language. Each language has its own set of 
distinctive speech sounds or phonemes, which 
native listeners learn implicitly as part of mak-
ing sense of the sound stream that reaches their 
ears. Music uses pitch to distinguish the notes 
and intervals of the scale; language largely uses 
timbre to distinguish phonemes. 

Crucially, both domains rely on the ability of 
the mind to create and maintain discrete sound 
categories in the face of complex and time-vary-
ing acoustic signals. Speech and music may share 
some of the basic brain processes for forming 
sound categories, even though the end products 
are built from different acoustic ‘stuff ’.

Beat poetry
Non-Western cultures prompt another ques-
tion about music–language relations: to what 
extent are basic aspects of rhythm perception 
universal? On the basis of research in Western 
European countries, it has been claimed for 
more than 100 years that a ubiquitous aspect 
of rhythm perception is the tendency to hear 
grouping or phrasing in auditory patterns in 
a particular way. For example, when events 
in a sequence vary in duration (such as tones 
of alternating lengths: … long–short long–
short …), it is claimed that listeners hear long 
events as final. In other words, the perception 
would be of a repeating short–long group, 
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rather than the logically possible alternative of 
a repeating long–short group. However, recent 
research on non-Western rhythm perception 
shows that even this basic aspect of our inter-
pretation of sound varies between cultures. 
Many Japanese adults hear sequences of this 
sort as repeating long–short groups. 

This difference is unlikely to be innate, so 
should be relatable to some characteristic audi-
tory patterns in Japanese culture. One might 
assume it reflects familiar musical rhythms. 
Studies by my research team in collaboration 
with colleagues in Japan suggest instead that 
the key factor is language. English and many 
Western European languages put short gram-
matical words before the longer content word 
to which they are syntactically bound (for 
example, ‘the book’, le livre, het boek), creating 
an inventory of short–long linguistic patterns. 
Japanese puts grammatical words after their 
associated content word (for example, hon-wo, 
where hon means ‘book’ and wo is a gram-
matical particle), creating frequent long–short 
acoustic chunks in the language.

I think that language syntax strongly influ-
ences a listener’s ambient rhythmic environment 
and shapes how they hear even non-linguistic 
patterns at a basic level. We are now pursuing this 
hypothesis in further cross-cultural and develop-
mental studies.

Bangs and whistles
Some phenomena do not fit neatly into either 
the language or the music category; they seem to 
have a foot in both camps. Consider the ‘talking 
drums’ of west and central Africa. Drummers 
communicate linguistic messages by mimicking 
the tones and syllabic rhythms of utterances in 
African tone languages. In these, the pitch pat-
tern of a word is as much a part of its identity 
as its vowels and conso-
nants. Changing a word’s 
pitch can entirely change 
its meaning — from ‘wing’ 
to ‘bag’, say.

The Yoruba people 
of Nigeria play the hourglass-shaped dundun 
drum. The leader uses the drum to ‘talk’ during 
musical performances. The Lokele of the upper 
Congo in central Africa use hollowed-out logs as 
large slit drums to communicate linguistic mes-
sages across wide stretches of jungle, as they can 
be heard far beyond the range of human voices. 
Drummed messages embedded in musical per-
formance are understood by listeners familiar 
with the drum language, but can go completely 
unnoticed as language by a naive listener. Most 
important, the messages are not confined to a 
stock set of utterances. They can convey novel 
phrases — albeit not as efficiently as ordinary 
spoken language because ambiguities are created 

by many words having the same tonal pattern. 
This problem is dealt with by placing words in 
longer, stereotyped poetic phrases.

Another speech surrogate is whistled lan-
guage. Based on tone languages, oral whistles 
are used to convey the rhythmic and tonal pat-
tern of syllables. Rhythm is cued by variations 
in the loudness of the whistle, and tonal pat-
terns by the pitch. Whistled languages occur in 

Africa, Asia and Central 
America. For example, 
the whistled language 
of the Hmong people of 
southeast Asia is based 
on their spoken language 

and encodes the seven different tones that they 
use to distinguish word meaning in speech. 
Native listeners find it easy to understand 
despite minimal cues to vowel and consonant 
identity. Again, whistled speech can convey 
original linguistic utterances even though to the 
uninitiated the sound patterns may seem more 
like music. Ordinary languages or click lan-
guages are recognizable as speech, even when 
unintelligible; not so whistled languages. 

The cognitive processes that enable the pro-
duction and comprehension of talking drums 
and whistled speech are not well understood. 
They are almost completely unstudied by 
modern neuroscience. Yet they probably hold 

important clues to how the biological building-
blocks of language and music can be fluidly 
and dynamically reconfigured, rather than 
being exclusively bound to one domain or the 
other from birth.

Studies of non-Western music suggest that 
music is not an island in the brain. Intimations 
of deep links between music and language 
extend back to Plato, Charles Darwin and Lud-
wig Wittgenstein. Modern cognitive science is 
replacing speculation with research, and find-
ing numerous links that bind these domains 
together as cognitive systems. These findings 
bear on a wide range of debates, from the 
‘modularity’ of linguistic mechanisms to the 
evolutionary origins of music. We are a musi-
cal species as much as we are a linguistic one. 
By looking at cognition through both of these 
lenses, we may see deeper into the mechanisms 
that give our species its remarkable power to 
make sense of sound. !

Aniruddh D. Patel is Esther J. Burnham senior 
fellow in theoretical neurobiology at the 
Neurosciences Institute, 10640 John Jay Hopkins 
Drive, San Diego, California 92121, USA. He is 
author of Music, Language, and the Brain (Oxford 
University Press — see Nature 452, 695–696; 
2008 for a review).

For further reading see http://tinyurl.com/6pscuj.
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A concert hall is a hall of mirrors — acous-
tic mirrors. When sound hits a hard 
surface, it is reflected just as light is. 

Masonry, plaster, timber and glass all reflect 
sound with very little energy loss. Sound in 
rooms is predominantly a question of thou-
sands of reflections. In a typical concert hall, 
only the audience and the seating absorb sound 
as a black surface absorbs light. 

The science of concert hall acoustics is 
founded on our understanding of the physical 
behaviour of sound and how our ears interpret 
it. But concert halls are, of course, more than 
just scientifically designed spaces. The raised 
status of acousticians within design teams since 
the mid-1980s has resulted in less risk-taking 
and more conservative designs.

Much remains to be discovered about how 
our ears and brains process sound reflections. 
Understanding this has been complicated, for 
instance, by our remarkable ability to work 
out where a sound is coming from. This abil-
ity, called localization, works even when the 
sound arriving directly from the source rep-
resents only a small proportion of the total 

sound we receive, perhaps only 5% at the back 
of a concert hall. Usually we are listening to 
speech or music, which have short elements 
such as syllables or notes that vary with time. 
Our brains use this time-varying information 
to extract where the initial sound comes from. 
Continuous sound from a fan, for instance, is 
much more difficult to localize.

The downside of this localization is that, in 
effect, our hearing suppresses awareness of 
sound reflections. We notice early sound reflec-
tions but are often not conscious of their effects 
— such as making sound seem clearer than it 
would be otherwise. In a cathedral-type space, 
sound persists for several seconds, reflecting 
back and forth between walls, pillars and ceiling. 
We can hear this process in a large space because 
it happens slowly. The sound we hear is known 
as reverberation, which occurs in virtually all 
rooms. In smaller spaces, our brains cannot 
unscramble it because it happens too quickly.

Between 1850 and 1900, concert halls and 
theatres were built following earlier precedents, 
with acoustics handled on a trial-and-error basis. 
Large theatres that provide intelligible speech 

are a testament to designers from this period, 
but sadly they left no written record. The impor-
tance of reverberation for musical performances 
was probably appreciated by some, who realized 
that concert halls need high ceilings; again we 
have only the buildings as evidence.

The science of room acoustics began around 
1900. As in architecture, radical new approaches 
followed periods of consolidation. 

Taming reverberation
In 1895, physicist Wallace Clement Sabine of 
Harvard University, Massachusetts, was asked 
to investigate the disastrous acoustics of a new 
lecture theatre in the Fogg Art Museum at the 
university. Sabine must have suspected that 
reverberation was the key. Rather than just 
solve the problem of one room, he chose to 
make a fundamental study. He discovered that 
the duration of sound persistence, or reverbera-
tion time, is proportional to the volume of the 
space divided by the amount of sound-absorb-
ing material. This relationship, published in 
1900 and now known as the Sabine equation, 
is still the basis of room acoustic design. The 

Raising the roof
Michael Barron explores how physics, psychology and fashion have influenced concert hall acoustics.
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lecture theatre itself was eventually demolished, 
although the museum still stands.

For speech to be intelligible, a short rever-
beration time is needed, typically between 
0.8 and 1.0 seconds. For a symphony concert 
hall, a long reverberation time of 2 seconds is 
the optimum. Musical clarity is equivalent to 
speech intelligibility, but for music we prefer 
to hear more reverberation from the room, 
which adds a bloom to the experience. Sabine’s 
equation leads to the first rule of concert hall 
design: a large room volume is needed, with 
ceilings that are higher than would be selected 
on purely visual grounds.

Sabine was acoustic consultant for the Bos-
ton Symphony Hall, Massachusetts, which 
opened in 1900 and is world-renowned for its 
good acoustics. That the reverberation time in 
Boston is shorter than predicted suggests an 
equation is not the whole answer. The sound 
absorption by objects and building materials 
also had to be determined, and assessing the 
absorption by seating and audiences was (and 
still is) particularly difficult.

During the first half of the twentieth century, 
seat area gradually increased for reasons of com-
fort, but it took some time for acousticians to 
realize that the absorption of each person also 
increased with seat area. This affected many 
auditoria of the time, such as the 1940 Kleinhans 
Music Hall in Buffalo, New York, and London’s 
Royal Festival Hall, completed in 1951, which 
has a reverberation time shorter than the pre-
ferred value because audience absorption was 
underestimated. A solution would be to raise the 
roof, but during the hall’s refurbishment, com-
pleted last year, this was deemed too expensive 
and damaging to architectural heritage. Some 
sound-absorbing material was removed and 
small increases in volume were made, both of 
which increased the reverberation time. But the 
change remains too small. Experienced listeners 
comment that the sound is still ‘drier’ than in 
the best halls. 

Sound psychology
By the 1950s, it was apparent that there was 
more to concert hall acoustics than just rever-
beration time. Research moved into the realm 
of experimental psychology and away from the 
area of physics, where acoustics had tradition-
ally been studied. Scientists explored the subjec-
tive significance of early sound reflections. They 
simulated concert hall conditions in anechoic 
chambers (where the walls, floor and ceiling 
are covered with sound-absorbing material) 
to ensure that the listener received only sound 
direct from individual loudspeakers. For reflec-
tions, modified tape-recorders produced the 
delay, and the direction of simulated reflections 
from loudspeakers could also be varied.

This research revealed that musical clarity is 
related to the ratio of sounds that arrive early 
to those that arrive late, and that listeners pre-
fer to receive a significant proportion of sound 
from the side. Key studies at the universities of 
Göttingen and Berlin in Germany during the 
1970s used a ‘dummy head’, a solid artificial 
head bearing anatomically accurate ear lobes 
with microphones mounted in each ear canal. 
A recording made with a dummy head allows 
for accurate reproduction of sound as heard 
at each location. By listening to recordings of 
music made at different seats in actual concert 
halls, the acoustics could then be rated.

The current consensus is that there are 
five subjective dimensions for concert hall 
listening. These are clarity, or 
ability to hear musical detail; 
reverberance, or being able to 
hear reverberations; acoustic 
intimacy, which describes how 
involved we seem to be in the 
performance; envelopment, the extent to which 
we feel surrounded by sound, and loudness. 
A range of measures has been developed that 
allows concert hall designs to be tested before 
building starts, using computer programs or 
acoustic scale models. As a result, acoustic dis-
asters are now much less likely.

Music box
That’s the science, what of the reality? Concert 
halls represent a civic statement by the cli-
ent, and are designed by architects advised by 
acoustic consultants. Many pragmatic aspects 
come into play, not least architectural fashions. 
One of the most famous buildings in the world, 
the Sydney Opera House, was designed back-
to-front with the concert hall and opera theatre 
having to fit within those famous shells. 

Sabine’s formula says nothing about the 
appropriate shape for a concert hall. Between 
1960 and 1990 there was virtually a free-for-
all in auditoria shapes. One success from 
this period is the striking design of the 1972 
Christchurch Town Hall auditorium in New 
Zealand. Its acoustician, Harold Marshall, 
used his theory about the importance of sound 
reflections from the side to develop its acoustic 
design. It has an oval plan with large tilted reflec-
tors above and behind gallery seating. 

In the mid-1980s, clients realized that a hall 
with poor acoustics was likely to have finan-
cial problems and to reflect badly on the city or 
local area. Once a concert hall is built, acoustic 
faults are often difficult to rectify, as in London’s 
Royal Festival Hall. This realization shifted the 
balance within design teams away from the 
architect and towards the acoustician. It also 
introduced a period of conservatism, with 
just two forms predominating for symphony 

concert spaces: the rectangular shoe-box hall 
and the terraced hall. Two important parallel-
sided auditoria from this period are the 1989 
Eugene McDermott Concert Hall in Dallas, 
Texas, and the 1991 Birmingham Symphony 
Hall in the United Kingdom. The rectangu-
lar form was resurrected from more than 100 
years ago. Three such halls from the nineteenth 
century are regularly mentioned as having the 
best acoustics in the world: the Vienna Musik-
vereinssaal, Amsterdam’s Concertgebouw and 
Sabine’s own Boston Symphony Hall.

The terraced hall subdivides the audience 
into different seating levels with useful sound-
reflecting surfaces in between. These are often 
referred to as vineyard terraces, as on a hillside. 

The first example of this form, 
the Berlin Philharmonie of 
1963, remains the most impres-
sive. Two more recent examples 
are the 1982 St David’s Hall in 
Cardiff, Wales, and the 2003 

Walt Disney Concert Hall in Los Angeles.
This then is the current state of the art and 

practice of concert hall design. The era of 
intense research is probably over, although 
optimizing acoustic conditions for orchestral 
players remains to be resolved. The period of 
ultra-conservatism in design is also waning 
and tentative steps are being made towards new 
forms. The new Philharmonie concert hall for 
Paris, due for completion in 2012, promises to 
be an exciting development. The aim in Paris, 
as in Christchurch, is to provide musical clarity 
with a rich sense of reverberation by suspending 
seating areas in a larger surrounding volume. 

Some acoustic designers have offered vari-
able acoustics in their halls, which has met with 
mixed enthusiasm. Tools include variable vol-
ume, variable additional absorption and elec-
tronic enhancement. These need to be used in 
the correct way and should be obvious to the 
ear. Perhaps such features will allow acoustics 
to be tailored to the music of different eras. The 
technology is there, less so the acceptance by 
musicians and hall managers.

Most large cities in the developed world 
now have concert halls, and they are unlikely 
to be demolished because of disappointing 
acoustics. Maybe we will have to look to other 
countries such as India and China to find the 
wild boy or girl of acoustic design for the next 
generation of concert halls.  !

Michael Barron is reader in the Department of 
Architecture and Civil Engineering, University 
of Bath, BA2 7AY, UK, and partner in Fleming 
& Barron, acoustic consultants. He is author of 
Auditorium Acoustics and Architectural Design.

See other essays in the Science & Music series at 
www.nature.com/nature/focus/scienceandmusic.

“Acoustic disasters 
are now much 
less likely.”
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Music history is riddled with debates 
on attribution. Did Andrea Luchesi 
compose many of the symphonies 

currently attributed to Mozart? Is the score of 
L’Incoronazione di Poppea Monteverdi’s, or the 
collaborative work of several editors during its 
early performances across Italy? Did Johann 
Sebastian Bach really write the chorale Nun 
ist das Heil und die Kraft, the original score of 
which has never been found?

Statistical analysis may help to resolve such 
long-standing controversies, as it has proved 
successful in linguistic texts. It may also allow 
electronic databases to automatically classify 
musical style and period. And it promises 
much more — to help us understand some of 
the most elusive qualities of music, their con-
nection to its organizational structure and to 
the cognitive processes involved in both the 
composition and perception of music. Even-
tually, statistics may also allow us to identify a 

quantifiable signature of complexity in music.
The composer Arnold Schoenberg summa-

rized the fundamental principles of musical 
form as “the demand for repetition of pleas-
ant stimuli, and the opposing desire for vari-
ety, for change”. Repetition of melodic motifs, 
rhythmic patterns and harmonic progressions 
makes musical structure coherent and forms 
the basis of its comprehensibility. Variation, in 
turn, keeps monotony and dullness at bay. 

This delicate balance — somewhere between 
the uniform ticking of a clock and the random 
pitter-patter of raindrops — is reminiscent 
of complex systems, in which an intermedi-
ate degree of internal organization maintains 
coherence, yet allows for rich dynamics and 
functional flexibility. The melodic and rhyth-
mic patterns of even the simplest folk tune 
reveal the complexity of the creative process, 
and of the system behind it — the human brain. 
By probing the structural texture of music and 

the recurrence and diversity of elements such 
as notes, rhythms, melodies and chords, statis-
tical techniques provide a way to penetrate the 
nature of mind.

Word play 
In the 1930s, the American philologist George 
Zipf discovered a strong regularity in the 
relative frequencies of word occurrence in 
speeches and texts. Now called Zipf ’s law, this 
rule applies to many different authors, styles 
and languages. If, for instance, the tenth most 
used word in a text occurs 300 times, Zipf ’s law 
predicts that the hundredth most used word 
will appear some 30 times.

In 1955, social scientist Herbert Simon 
pointed out that Zipf ’s law can be quantita-
tively explained by assuming that the usage 
frequency of a word increases proportionally 
to its previous appearances — the more you 
use a word, the more you will use it. This very 

Playing by numbers
Statistical analysis can inform the history of music, classification technologies, and our understanding of 
the act of composition itself, argues Damián Zanette.
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simple rule was enough for Simon to derive 
Zipf ’s law as the inverse relation between the 
number of occurrences of a word and its rank 
in frequency of use.

Since the late 1980s, several researchers 
have shown Zipf ’s law also holds for musical 
elements within pieces. Words are replaced 
by notes, defined by pitch and duration, or 
by composite items such as note duplets and 
triplets, interval successions and chords. This 
suggests a strong affinity between the processes 
of writing text and composing music. 

Simon’s model for the relative frequency 
of words in a text can be interpreted as repre-
senting the progression of the author’s choices 
during the creative process that shape the 
work’s intelligibility. In language these choices 
are grammatical, morphological and semantic. 
In music they are melodic, harmonic, rhythmic 
and dynamic.

Music as message
Literary texts and musical compositions are 
created as organic entities, not series of iso-
lated decisions. Nevertheless, the outcome 
is an ordered sequence of events conveying 
information: a message. As the message flows, 
a context emerges, favouring the appearance of 
some elements at the expense of others. From 
this viewpoint, Simon’s model for Zipf ’s law 
unifies the concept of context in both language 
and music. 

We can also distinguish the choices made by 
composers from the different forms that Zipf ’s 
law takes in their music. The law quantifies the 
difference, say, between the intentional lack of 
tonal context in Schoenberg’s pieces, and Bach 
or Mozart’s more consistent, less flexible use of 

tonal elements. Yet intriguingly, serial-
ism, the technique Schoenberg, Berg, 

Webern and others used to write music 
without tonality, is still based on the princi-

ples of repetition and variation.
Zipf ’s law is not the be-all 

and end-all of the statistical 
characterization of musical 
structure — for one thing, it 
would still hold if all the notes 
of a composition were shuf-
fled and rearranged at ran-

dom. Happily, information theory 
provides other ways to analyse the 

organization of symbols in a sequence. 
Segmentation, for instance, can be used to 

detect portions of a sequence, such as a musi-
cal score, that differ as much as possible in the 
frequencies of different symbols. It proceeds 
in steps, first dividing the whole sequence into 
two segments with maximal difference, and 
then iterating the algorithm on the resulting 
segments. The product is a dissection of the 
sequence into domains which are maximally 
divergent — the relative frequency of symbols 
differs as much as possible between the result-
ing domains.

Segmentation was recently used to ana-
lyse the first movement of Mozart’s keyboard 
sonata in C major (K. 545), as a sequence 
formed by the twelve tones of 
the chromatic scale. The anal-
ysis revealed the same tonality 
changes spotted by humans 
trained in musical analysis. 
In 1997, psychologist Carol 
Krumhansl of Cornell Univer-
sity in Ithaca, New York, demon-
strated that non-specialist listeners also spot 
modulation between different tonalities when 
asked to divide Mozart’s keyboard sonata in 
E-flat major (K. 282) into sections with differ-
ent perceived musical qualities. 

These preliminary results suggest that such 
statistical tools, which can be automated for 
large-scale computational application, can 
reveal the same structural features as ordinary 
methods of musical analysis. They might also 
unveil evidence of hitherto undetected organi-
zational levels and patterns. 

Segmentation can also be applied to com-
binations of pitch and duration, dynamics, 
intervals and chords. Analysing these more 
complex items may reveal patterns related to 
the richer cognitive qualities of music, such 
as melodic inflections and rhythmic change, 
which listeners associate with the unfold-
ing of a piece’s mood. This has its limits. As 
a collection of symbols becomes larger and 
more sophisticated, each element’s frequency 
decreases. When each symbol appears too few 

times to be statistically significant, a meaning-
ful message becomes indistinguishable from a 
random sequence. 

Complex futures
Since 1996, physicist Pedro Bernaola-Galván 
of the University of Málaga, Spain, and his 
collaborators have applied segmentation anal-
ysis to DNA sequences to study the origin and 
significance of long-range nucleotide patterns. 
The resulting segments show large variations 
in length, a feature that has been related to the 
slowly decaying probability that two nuleotides 
of the same type are found at a certain distance 
in the genetic sequence. Galván’s group has 
suggested that a broad distribution of segment 
lengths may be a signature of complexity for 
symbolic sequences. Both random and peri-
odic sequences, such as raindrops’ pattering 
and clocks’ ticking, show little variation in seg-
ment lengths. The information-carrying DNA 
sequence, on the other hand, is characterized 
by a long-tailed distribution. 

Mathematicians should investigate whether 
segmentation of long linguistic and musical 
sequences also gives broad length distributions. 
This would enable us to compare the degrees 
of complexity in language, music and the 
genetic code, disclosing structural similarities 
and differences between these forms of com-

munication. A quantification 
of complexity in music would 
also allow us to identify the 
structural elements underlying 
different periods and styles. But 
for the time being, the quest to 
define a unified complexity 
measure continues. 

Statistical analysis seems to be at odds with 
traditional ways of thinking about art. These 
— unlike mathematics — emphasize aesthetic 
nuances, psychological and experiential quali-
ties and personal values. Indeed, how we inte-
grate and elaborate sensory information into 
artistic experience may always be beyond 
quantitative description. Nonetheless, quanti-
tative methods can tell us much about artistic 
creation — notably, about the organization of 
an artwork’s many strands into a comprehen-
sible structure. !

Damián Zanette is head of the Statistical and 
Interdisciplinary Physics Group of Centro 
Atómico Bariloche and professor of physics 
at Instituto Balseiro, Avenida Ezequiel Bustillo 
9500, 8400 San Carlos de Bariloche, Río Negro, 
Argentina. He is a co-author of Emergence of 
Dynamical Order.

For further reading see http://tinyurl.com/3k88hs.
See other essays in the Science & Music series at 
www.nature.com/nature/focus/scienceandmusic.

“Statistical 
techniques provide a 
way to penetrate the 
nature of mind.”
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The art of musical performance lies largely 
in nuance — in making notes longer 
or shorter than they are written, or in 

shaping their dynamics, articulation or pitch. 
Performers don’t generally have explicit theo-
ries of these things, as it’s all done by ear. But 
these often subtle changes to the written score 
are responsible for a great deal of what makes 
music memorable, moving and meaningful 
— and they can be measured.

This combination of cultural meaning and 
measurability makes musical performance 
a productive example of the relationship 
between science and the humanities. When 
musicology came into being in the nineteenth 
century, it was modelled on philology, the 
study of ancient texts. For this reason, musi-
cologists have tended to think of music as a 
form of writing. But much of what performers 
do, and what listeners respond to, falls between 
the notes as musicologists construe them. This 
is where science comes in.

Measurements cannot capture cultural val-
ues, but people listening to music respond to 
specific sounds. These sounds are amenable to 
scientific study, providing insights into the cul-
tural values they embody. I focus on classical 
piano performance, but my claim is more gen-
eral: to understand music as performance, we 
must use scientific and humanities approaches 
in tandem.

Stick to the plot
Two of the most important aspects of musical 
performance are the shaping of the tempo and 
the dynamics. Tempo shaping is the lengthen-
ing or shortening of notes or phrases and is 
measured by extracting beat durations from 
sound. Dynamics shaping is the patterning of 
loud and soft notes, to create one-off accents 
or waves of increase and decrease. It can be 
extracted as a continuously varying value or 
as a series of discrete values associated with 
individual notes.

Musicologists and psychologists have 
generally focused on how such data relate 
to the structure of music, drawing on tradi-
tional, notation-based analytical methods. For 
instance, reading by means of a kind of reverse 
engineering from the performance back to the 
composition, they have shown how perform-
ers use various combinations of speed change  

and dynamic accents to under-
line structural breaks or bring out 
important points.

Line graphs of tempo and dynamics 
are hard to relate to the music we hear, 
but over the past two years software has 
been developed that incorporates these 
graphs within a music visualization 
program so that they scroll past a cursor 
as one listens. Other limitations to this type 
of approach are less tractable. If performance 
is analysed in terms of the score-based struc-
ture, one is deaf to aspects of the performance 
that have nothing to do with what is written 
down. In effect, this assumes that the point of 
performance is to reproduce a meaning that 
is already there on the printed page, but any 
jazz or pop performance demonstrates what 
an inadequate approach that is. 

There is a further, more subtle, problem. 
Try dancing to a Chopin mazurka and it soon 
becomes clear that concert evocations of dance 
music have much more extravagant shaping 
than music that is for actual dancing. A tempo 
graph would show this, and so says something 
about the music one experiences. Its shape, how-
ever, is the result of several distinct factors. To 
understand what is going on, we need to break 
the data down into their component parts. The 
question is what those parts might be.

Musical movement
In the early 1990s, Henkjan Honing and Peter 
Desain suggested that the shaping of both 
tempo and dynamics in classical music perfor-
mance can be explained in terms of three main 
components: note-to-note shaping, the com-
poser’s ‘pulse’, and hierarchical phrase arching. 
The third of these refers to the way performers 
get faster and louder as they play into a phrase, 
and softer and quieter as they come out of it, 
giving the music a kind of breathing quality. 
It is often seen in nineteenth-century piano 
music, such as Chopin’s. It is hierarchical in that 
such patterns can be found at multiple levels 
— such as 2, 4, 8 and even 16 bars. It is widely 
seen as part of what it means to play ‘musically’, 
that is to say expressively and meaningfully.

Musicologists tend to be suspicious of such 
generalizations. What is considered ‘musical’ 
has varied throughout history, as have prac-
tices of performance. My team at the AHRC 

Research Centre for the History and Analysis 
of Recorded Music (CHARM) in London 
recently analysed phrase arching in record-
ings of Chopin’s Mazurka Op. 63 No. 3 going 
back to 1923. We measured how much shap-
ing of phrases occurred through tempo and 
dynamics, and how far these variables were 
correlated. We found that, for this piece at 
least, both tempo and dynamic phrasing were 
present in the earliest recordings, but that 
they began to be closely coordinated with 
one another and with the composed phrasing 
only after the Second World War. Different 
performers achieved this coordination in vari-
ous ways, but the effect was a streamlined style 
that was still expressive, albeit less personal 
and subjective than pre-war interpretations.

This finding shows how the nature of what 
is regarded as musicality has changed. What 
was assumed to be a general, perhaps hard-
wired, quality turns out to be specific to a 
given time and place. Indeed, the very idea of 
‘expressive’ performance, defined in terms of 
nuance, assumes that the purpose of music is 
to convey subjective feeling — an idea foreign 
to Japanese taiko drumming, for example. That 
is why these studies concentrate almost exclu-
sively on Western classical music.

Mechanical musicians
It should be possible to apply a fully 
functioning model of expressive perfor-
mance to a digital score that computers 
and synthesizers can read, in which every 
crotchet (US quarter note) is the same length. 

Beyond the notes
The way performers shape notes brings music to life. 
Nicholas Cook argues that measuring these subtle changes 
can help us appreciate and replicate the performer’s art.
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This would result in an expressive and mean-
ingful sound output that is mechanically gen-
erated but sounds human, reducing creativity 
to a set of rules.

Some programs do this on the basis of 
note-to-note shaping and composer’s ‘pulse’. 
Director Musices is a free, research-oriented 
program that uses a set of rules, for example 
that longer notes are louder than shorter ones, 
or that a run of ascending notes gets faster; 
there is also a simple phrase-arching function. 
These rules can be switched 
on or off, applied more or less 
strongly, or even inverted. 
The commercial program 
SuperConductor is based on 
the idea that for every major 
composer there is a charac-
teristic signature (or pulse) for 
each beat in the bar, and allows you to ‘sculpt’ 
a file into an expressive performance. A new 
program currently in beta testing, Silbert MOR 
Expressive Performance, automatically gener-
ates human-like performances and is targeted 
at professionals such as the producers of TV 
commercials who want music without the 
trouble and expense of paying musicians or 
licensing recordings.

Such tools are a far cry from the ‘human-
ize’ functions of sequencing programs, which 
merely introduce random variation. And if, as 
the CHARM research suggests, performance 
styles can be modelled to specific times or 
places, variable settings could enable one to 
reproduce the style of particular pianists, 

effectively generating new recordings of pieces 
they never played. You might even fantasize 
about music being mixed in the same way as 
paint. Instead of buying recordings off the peg, 
like standard paint ranges, you could custom-
ize them: 50% Vladimir Horowitz, 45% Arturo 
Michelangeli and 5% Jean-Marc Luisada, say.

But a musical performance isn’t a pot of 
paint. It is a human action carried out at a cer-
tain time and place, normally in the presence of 
others and marked by the contingencies of the 

occasion. The same applies to 
recordings, even when they owe 
more to studio manipulation 
than real-time performance. 
We still hear them as traces of 
events. Remove the communi-
cation from music and it rap-
idly becomes as pointless as it 

would be to spend time in the virtual world 
Second Life if there were no real people behind 
the avatars and speech bubbles. 

A search for meaning
Performance, then, is more than the communi-
cation of structural information about musical 
works. The very act of performance generates 
meaning, whether the musician is Madonna, 
Miles Davis or Glenn Gould.

In a 2002 concert performance of Mazurka 
Op. 63 No. 3 filmed at the Théâtre des 
Champs-Elysées in Paris, Russian pianist 
Grigory Sokolov performs virtuosity as much 
as he performs Chopin: his hands often fly up 
after a particularly telling note, providing an 

idiosyncratic balletic correlate to the sound. 
His performance makes perfect sense on CD, 
but seeing it adds further meaning. The strik-
ing quality of public display in his playing is 

redolent of the cavernous spaces of 
modern concert halls and the star 
quality of the international virtuoso. 

He enacts exceptionality.
Such evocative flourishes 

communicate cultural val-
ues that cannot be mea-
sured. Sokolov, like many 

Russian pianists, uses partic-
ularly strong phrase arching. 

His expressiveness is structurally 
generated, rather than primarily 
located at the note-to-note level 
as with pre-war pianists, so he 

is free to indulge in extrava-
gant choreography without 
losing the musical thread. 
Quantitative analysis 

reveals how phrase arching facili-
tates Sokolov’s virtuosity. Without a systematic 
approach we would have much less idea about 
how these effects are created. It would be hard 
to quantify how Sokolov’s style relates to that 
of other pianists. 

Programs such as Director Musices or the 
CHARM model of phrase arching can be used 
to capture the general qualities of performance. 
The mark of their success is the extent to which 
they account for the variance in performance 
data. Such applications can also be used to 
study a particular performance, such as Soko-
lov playing Op. 63 No. 3. Here the interest lies 
in the pattern of discrepancies between the 
model and the performance. The focus is on 
the unique features, and the criterion of success 
is: how far the model guides the ear towards 
an awareness of these qualities, resulting in a 
process of engaged listening and critical inter-
pretation. Used thus, deterministic models of 
performance expression do not undermine 
values of human creativity, but locate them 
more accurately.

Scientific measurement and cultural app-
roaches to performance can be linked use-
fully. But this is a marriage of complementary 
approaches, rather than a convergence towards 
a unified discipline. !

Nicholas Cook is director of the AHRC Research 
Centre for the History and Analysis of Recorded 
Music, Royal Holloway, University of London, 
Egham, Surrey TW20 0EX, UK. He is the author 
of The Schenker Project: Culture, Race and Music 
Theory in Fin-de-siècle Vienna.

For further reading see http://tinyurl.com/62zh2v. 
See other essays in the Science & Music series at 
www.nature.com/nature/focus/scienceandmusic.
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“You might even 
fantasize about music 
being mixed in the 
same way as paint.”
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Thanks to technology, we have an unprec-
edented choice of music to listen to, and 
places and times to hear it. Music has 

never been more accessible. But never has it 
been more mysterious and inscrutable. Many 
people say they lack musical skills such as 
singing, playing an instrument or composing. 
A fifth of adults believe they are ‘tone deaf ’, 
so they don’t see music as something they do; 
rather, they experience music as something 
that is done to them, something that, at a very 
deep level, they don’t fully understand. 

This contemporary disconnection may be 
limiting the scientific study of music. If research 
is to provide a satisfying account of how music 
and mind interact, it must embrace the full 
variety of musical experiences and contexts. 
Music science is now mature enough to take 
more risks in the scope of its investigations. If 
science is to demystify music and explain its 
power to affect us, it must investigate music as 
it is actually experienced.

The vitamin model
The musically disempowered view music as 
something that is provided for ‘consumers’ or 
‘patients’ by a range of professionals: compos-
ers, producers, performers, even health work-
ers. People have lost confidence in their own 
judgements and intuitions about it.

This disconnection has really only occurred 
in the past 50 years and is most common in 

prosperous industrialized nations. In other 
times and places, people have had a much 
deeper relationship with music, because they 
helped to make most of the music in their lives, 
through community activities involving sing-
ing and dancing, and the passing down of an 
oral tradition. The modern perplexity with 
music may be a symptom of the loss of this 
natural connection to making music. People 
can surround themselves with highly polished 
professional performances at the press of a but-
ton, so there is less incentive to sing or play. 

This cultural change means that the musical 
repertoire is seen as a box of pills, with differ-
ent pieces having different active properties, 
such as sedation or aphrodisia. This ‘vitamin 
model’ lies behind misleading commercial 
initiatives that package selections of music as 
stress busters, relaxation aids or even music to 
make your baby more intelligent. 

But music cannot achieve a prescribed psy-
chological outcome because it is impossible 
to understand or predict its effects without 
accounting for two other significant areas of 
influence. The first relates to the listener: his 
moods, memories, intentions, attitudes, choices 
and experiences. The second is the social con-
text in which the music is experienced: who 
else is there, what is going on, and the social or 
personal significance of the event.  

Experimental science often inadvertently 
promotes the vitamin model. Scientists who 

study music are not, as a body, skilled in 
musical performance or composition. Our 
relationship to music is, like much of society, 
generally that of an outsider looking in, a con-
sumer rather than producer.

Additionally, research methods regularly 
minimize the role of the listener in the con-
struction of a response. We give research par-
ticipants little choice in how to respond, and 
we tend to draw our conclusions from sample 
averages rather than individual data. The role 
of social context is also reduced in the labo-
ratory, where the subject is removed from the 
usual situations where they would engage with 
music. Such simplification may be needed to 
kick-start early explorations of a complex topic, 
but research must not get stuck at this level. It 
needs to encompass the experienced reality of 
the phenomenon.

Consider two situations in which music is 
heard. In the first, an experimental subject lies 
with her head clamped inside a functional mag-
netic resonance imaging chamber. Surrounded 
by strangers in white coats, she is played short 
pairs of synthesized chord sequences and asked 
whether the two sequences are identical or not. 
She finds it boring and rather uncomfortable.

In the second situation, a parent sits in a 
school hall with other parents, watching her 
six-year-old daughter give her first public 
musical performance. She is totally absorbed 
in the event. Her heart swells with tearful pride 

The ear of the beholder
In the last of nine Essays on science and music, John Sloboda argues that researchers must study music as 
people actually experience it, if they are to understand how it affects thoughts and feelings.
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and relief as her daughter plays Pachelbel’s 
Canon without serious mishap.

Context is king
Even if the same musical stimulus were heard 
in both situations, the lab study would provide 
little insight into the school-concert situation. 
This inability to make direct mappings from a 
musical stimulus to a predictable psychologi-
cal effect is not just an inconvenient difficulty. 
Rather, it points to a profound reality: music is 
a constantly evolving product of human cul-
ture, whose forms, functions and discourses are 
not fixed. It is what we decide to make it. Music 
originally written as a profound statement of 
religious belief can be used as background 
music for domestic chores, or as a stimulus for 
a laboratory experiment. And its effects in these 
different contexts can be quite different.

We must also avoid the trap of asserting that 
music is so complex and ineffable that a detailed 
scientific understanding of it is impossible, and 
that it must remain shrouded in mystery. On this 
issue, musicians and scientists often line up on 
opposite sides, with musicians seeing scientists 
as naive over-simplifiers, and scientists regard-
ing musicians as defensive ‘obscurantists’. 

Some scientific research has already begun 
to provide systematic accounts of why our 
response to music is so variable. Our responses 
are hugely influenced by our attitudes to par-
ticular musical styles, and whether we approve 
of or identify with them. They are equally 
influenced by our sense of whether the music is 
appropriate to the situation. Some people find 
music in shops and restaurants aggravating; 
others find its absence disconcerting.  

Research that takes us beyond the vitamin 
model is likely to have one or more of the follow-
ing characteristics. It studies music in real-life, 
non-laboratory settings. It studies music across 
a range of contexts, from music in public places 
that is barely attended to, through to deliberately 
chosen music that is given full attention. It stud-
ies the nature of musical choices that individu-
als make. It uses a combination of observation, 
experience-sampling and post-event interview-
ing to draw out the personal and social meanings 
of the musical events for the listener. It uses com-
plete, authentic musical objects, such as whole 
songs, rather than impoverished or machine-
constructed stimulus segments. Finally, it studies 
effects of musical stimuli that are time sensitive 
and linked to the detailed unfolding pattern of 
events, rather than studying unspecific effects 
of entire pieces. The first few seconds of a piece 
may fill a listener with excited expectation, and 
the end with a sense of relief or homecoming. 
You cannot get at this from a global measure of 
how ‘happy’ a piece is.

A growing body of research is exploring 
the richness of the human musical experience 
without trying to control or limit it. For exam-
ple, Tia De Nora at the University of Exeter 
has carried out pioneering research through 
in-depth interviews with women about their 
complex experiences of music in such con-
texts as shops, gyms and the home. Key to 
these studies was her extensive probing of 
the different factors at work in each situation, 
and the self-conscious decisions about what 
to listen to, and how to listen to it.

Building on this work, several investigators, 
including my group, have started charting 

individual musical experiences over extended 
time periods. By having frequent telephone 
conversations with participants over about 
a week, say, we have shown that musically 
untrained individuals interact with music a 
dozen times a day or more with varying atten-
tion and engagement. One important result is 
that the people we studied mainly use music 
as an accompaniment or enhancement to 
some other activity, and use it for a variety of 
functions, including to regulate their mood or 
attention, and as a signal of cultural identity.

Listen and learn 
Such studies point to a way forward for music 
science that takes seriously listeners’ beliefs, 
feelings and situations. 

One beneficial effect of the careful scientific 
probing of listeners’ experiences is that it often 
demonstrates their hidden musical compe-
tence. Studies of encoding and memory reveal 
musical intelligence in people’s recall errors: 
they tend to substitute a note or chord that 
serves a similar musical function. This shows 
that they have subconsciously internalized the 
rules of musical grammar. Other studies show 
that the ability to sing in tune can be dramati-
cally improved by simple well-targeted feed-
back, suggesting that many abilities are already 
in place but are masked by the absence of one 
simple cognitive component.  

Experiments also show that listeners can 
acquire a complex and fine-grained appre-
ciation of the link between the choices they 
make about what to listen to and the resultant 
psychological outcomes. They come to know 
which pieces of music reliably uplift or calm 
them, or remind them of a valued truth. This 
ability, even if idiosyncratic and unschooled, is 
the foundation of the nuanced internal repre-
sentations of music that are prerequisite for the 
development of skilled performance. 

Careful scientific research is beginning to 
chart the complex nature of everyday musi-
cal expertise. It shows that music is neither an 
unfathomable mystery nor a magic pill, but a 
human construction that can be used self-con-
sciously and skilfully by anyone for a variety of 
cognitive and emotional purposes, mundane 
and profound. !

John Sloboda is professor of psychology and an 
honorary research fellow at the Institute of Law, 
Politics and Justice, Keele University, Newcastle, 
Staffordshire ST5 5BG, UK. He is the author of 
Psychology for Musicians (Oxford University Press, 
2007).

For further reading, see http://tinyurl.
com/6mkupl. To read all nine Science & Music 
Essays, see www.nature.com/nature/focus/
scienceandmusic.
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