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Introduction

| Love Music and | Love Science—
Why Would | Want to Mix the Two?

Ilove science, and it pains me to think that so many are terrified of the
subject or feel that choosing science means you cannot also choose
compassion, or the arts, or be awed by nature. Science is not meant to
cure us of mystery, but to reinvent and reinvigorate it.

—Robert Sapolsky, Why Zebras Don’t Get Ulcers, p. xii

n the summer of 1969, when I was eleven, I bought a stereo system at
Ithe local hi-fi shop. It cost all of the hundred dollars I had earned
weeding neighbors’ gardens that spring at seventy-five cents an hour.
I spent long afternoons in my room, listening to records: Cream, the
Rolling Stones, Chicago, Simon and Garfunkel, Bizet, Tchaikovsky,
George Shearing, and the saxophonist Boots Randolph. I didn’t listen
particularly loud, at least not compared to my college days when I actu-
ally set my loudspeakers on fire by cranking up the volume too high, but
the noise was evidently too much for my parents. My mother is a novel-
ist; she wrote every day in the den just down the hall and played the pi-
ano for an hour every night before dinner. My father was a businessman;
he worked eighty-hour weeks, forty of those hours in his office at home
on evenings and weekends. Being the businessman that he was, my fa-
ther made me a proposition: He would buy me a pair of headphones if I
would promise to use them when he was home. Those headphones for-
ever changed the way I listened to music.

The new artists that I was listening to were all exploring stereo mix-
ing for the first time. Because the speakers that came with my hundred-

dollar all-in-one stereocsggé{ﬁigg%ﬁ’g JM’@%%B@'I had never before

heard the depth that I could hear in the headphones—the placement of
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instruments both in the left-right field and in the front-back (reverber-
ant) space. To me, records were no longer just about the songs anymore,
but about the sound. Headphones opened up a world of sonic colors, a
palette of nuances and details that went far beyond the chords and
melody, the lyrics, or a particular singer’s voice. The swampy Deep South
ambience of “Green River” by Creedence, or the pastoral, open-space
beauty of the Beatles’ “Mother Nature’s Son”; the oboes in Beethoven’s
Sixth (conducted by Karajan), faint and drenched in the atmosphere of a
large wood-and-stone church; the sound was an enveloping experience.
Headphones also made the music more personal for me; it was suddenly
coming from inside my head, not out there in the world. This personal
connection is ultimately what drove me to become a recording engineer
and producer.

Many years later, Paul Simon told me that the sound is always what
he was after too. “The way that I listen to my own records is for the
sound of them; not the chords or the lyrics—my first impression is of the
overall sound.”

I dropped out of college after the incident with the speakers in my
dorm room, and I joined a rock band. We got good enough to record at a
twenty-four-track studio in California with a talented engineer, Mark
Needham, who went on to record hit records by Chris Isaak, Cake, and
Fleetwood Mac. Mark took a liking to me, probably because I was the
only one interested in going into the control room to hear back what we
sounded like, while the others were more interested in getting high in be-
tween takes. Mark treated me like a producer, although I didn’t know
what one was at the time, asking me what the band wanted to sound like.
He taught me how much of a difference to the sound a microphone could
make, or even the influence of how a microphone was placed. At first, I
didn’t hear some of the differences he pointed out, but he taught me
what to listen for. “Notice that when I put this microphone closer to the
guitar amp, the sound becomes fuller, rounder, and more even; but when
I put it farther back, it picks up some of the sound of the room, giving it
a more spacious so%PéfﬂﬂQEﬁ?gu M?et Qtﬁit@lof the midrange if I do

that.”
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Our band became moderately well known in San Francisco, and our
tapes played on local rock radio stations. When the band broke up—due
to the guitarist’s frequent suicide attempts and the vocalist’s nasty habit
of taking nitrous oxide and cutting himself with razor blades—I found
work as a producer of other bands. I learned to hear things I had never
heard before: the difference between one microphone and another, even
between one brand of recording tape and another (Ampex 456 tape had
a characteristic “bump” in the low-frequency range, Scotch 250 had a
characteristic crispness in the high frequencies, and Agfa 467 a luster in
the midrange). Once I knew what to listen for, I could tell Ampex from
Scotch or Agfa tape as easily as I could tell an apple from a pear or an or-
ange. I progressed to work with other great engineers, like Leslie Ann
Jones (who had worked with Frank Sinatra and Bobby McFerrin), Fred
Catero (Chicago, Janis Joplin), and Jeffrey Norman (John Fogerty, the
Grateful Dead). Even though I was the producer—the person in charge
of the sessions—I was intimidated by them all. Some of the engineers let
me sit in on their sessions with other artists, such as Heart, Journey, San-
tana, Whitney Houston, and Aretha Franklin. I got a lifetime of education
watching them interact with the artists, talking about subtle nuances in
how a guitar part was articulated or how a vocal performance had been
delivered. They would talk about syllables in a lyric, and choose among
ten different performances. They could hear so well; how did they train
their ears to hear things that mere mortals couldn’t?

While working with small, unknown bands, I got to know the studio
managers and engineers, and they steered me toward better and better
work. One day an engineer didn’t show up and I spliced some tape edits
for Carlos Santana. Another time, the great producer Sandy Pearlman
went out for lunch during a Blue Oyster Cult session and left me in
charge to finish the vocals. One thing led to another, and I spent over a
decade producing records in California; I was eventually lucky enough
to be able to work with many well-known musicians. But I also worked
with dozens of musical no-names E;cjﬂe who are extremely talented

but never made it. I &Q&ﬂ%glglm M?tgﬁ{l@ musicians become

household names while others languish in obscurity. I also wondered
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why music seemed to come so easily to some and not others. Where
does creativity come from? Why do some songs move us so and others
leave us cold? And what about the role of perception in all of this, the un-
canny ability of great musicians and engineers to hear nuances that most
of us don’t?

These questions led me back to school for some answers. While still
working as a record producer, I drove down to Stanford University twice
a week with Sandy Pearlman to sit in on neuropsychology lectures by
Karl Pribram. I found that psychology was the field that held the answers
to some of my questions—questions about memory, perception, creativ-
ity, and the common instrument underlying all of these: the human brain.
But instead of finding answers, I came away with more questions—as is
often the case in science. Each new question opened my mind to an ap-
preciation for the complexity of music, of the world, and of the human
experience. As the philosopher Paul Churchland notes, humans have
been trying to understand the world throughout most of recorded his-
tory; in just the past two hundred years, our curiosity has revealed much
of what Nature had kept hidden from us: the fabric of space-time, the
constitution of matter, the many forms of energy, the origins of the uni-
verse, the nature of life itself with the discovery of DNA, and the com-
pletion of the mapping of the human genome just five years ago. But one
mystery has not been solved: the mystery of the human brain and how it
gives rise to thoughts and feelings, hopes and desires, love, and the ex-
perience of beauty, not to mention dance, visual art, literature, and music.

What is music? Where does it come from? Why do some sequences of
sounds move us so, while others—such as dogs barking or cars screech-
ing—make many people uncomfortable? For some of us, these questions
occupy a large part of our life’s work. For others, the idea of picking mu-
sic apart in this way seems tantamount to studying the chemical struc-
ture in a Goya canvas, at the expense of seeing the art that the painter
was trying to produce. The Oxford historian Martin Kemp points out a

similarity between QM'(%I&LQQSM ﬁt)g{ Lﬁlsts describe their work

as experiments—part of a series of efforts designed to explore a com-
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mon concern or to establish a viewpoint. My good friend and colleague
William Forde Thompson (a music cognition scientist and composer at
the University of Toronto) adds that the work of both scientists and
artists involves similar stages of development: a creative and exploratory
“brainstorming” stage, followed by testing and refining stages that typi-
cally involve the application of set procedures, but are often informed by
additional creative problem-solving. Artists’ studios and scientists’ labo-
ratories share similarities as well, with a large number of projects go-
ing at once, in various stages of incompletion. Both require specialized
tools, and the results are—unlike the final plans for a suspension bridge,
or the tallying of money in a bank account at the end of the business
day—open to interpretation. What artists and scientists have in common
is the ability to live in an open-ended state of interpretation and reinter-
pretation of the products of our work. The work of artists and scientists
is ultimately the pursuit of truth, but members of both camps understand
that truth in its very nature is contextual and changeable, dependent on
point of view, and that today’s truths become tomorrow’s disproven hy-
potheses or forgotten objets d’art. One need look no further than Piaget,
Freud, and Skinner to find theories that once held widespread currency
and were later overturned (or at least dramatically reevaluated). In mu-
sic, a number of groups were prematurely held up as of lasting impor-
tance: Cheap Trick were hailed as the new Beatles, and at one time the
Rolling Stone Encyclopedia of Rock devoted as much space to Adam
and the Ants as they did to U2. There were times when people couldn’t
imagine a day when most of the world would not know the names Paul
Stookey, Christopher Cross, or Mary Ford. For the artist, the goal of the
painting or musical composition is not to convey literal truth, but an as-
pect of a universal truth that if successful, will continue to move and to
touch people even as contexts, societies, and cultures change. For the
scientist, the goal of a theory is to convey “truth for now”—to replace an
old truth, while accepting that someday this theory, too, will be replaced
by a new “truth,” because that is the WES; science advances.

Music is unusual am%gﬁ HQ(EL% 1MQE@&@l)th its ubiquity and

its antiquity. No known human culture now or anytime in the recorded
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past lacked music. Some of the oldest physical artifacts found in human
and protohuman excavation sites are musical instruments: bone flutes
and animal skins stretched over tree stumps to make drums. Whenever
humans come together for any reason, music is there: weddings, funer-
als, graduation from college, men marching off to war, stadium sporting
events, a night on the town, prayer, a romantic dinner, mothers rocking
their infants to sleep, and college students studying with music as a
background. Even more so in nonindustrialized cultures than in modern
Western societies, music is and was part of the fabric of everyday life.
Only relatively recently in our own culture, five hundred years or so ago,
did a distinction arise that cut society in two, forming separate classes of
music performers and music listeners. Throughout most of the world
and for most of human history, music making was as natural an activity
as breathing and walking, and everyone participated. Concert halls, ded-
icated to the performance of music, arose only in the last several cen-
turies.

Jim Ferguson, whom I have known since high school, is now a pro-
fessor of anthropology. Jim is one of the funniest and most fiercely intel-
ligent people I know, but he is shy—I don’t know how he manages to
teach his lecture courses. For his doctoral degree at Harvard, he per-
formed fieldwork in Lesotho, a small nation completely surrounded by
South Africa. There, studying and interacting with local villagers, Jim pa-
tiently earned their trust until one day he was asked to join in one of
their songs. So, typically, when asked to sing with these Sotho villagers,
Jim said in a soft voice, “I don’t sing,” and it was true: We had been in
high school band together and although he was an excellent oboe player,
he couldn’t carry a tune in a bucket. The villagers found his objection
puzzling and inexplicable. The Sotho consider singing an ordinary,
everyday activity performed by everyone, young and old, men and
women, not an activity reserved for a special few.

Our culture, and indeed our very language, makes a distinction be-
tween a class of expert performers—the Arthur Rubinsteins, Ella

Fitzgeralds, Paul I\E@M@g—gﬁg tM qggtrb‘?lus The rest of us pay

money to hear the experts entertain us. Jim knew that he wasn’t much of
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a singer or dancer, and to him, a public display of singing and dancing im-
plied he thought himself an expert. The villagers just stared at Jim and
said, “What do you mean you don't sing?! You talk!” Jim told me later, “It
was as odd to them as if I told them that I couldn’t walk or dance, even
though I have both my legs.” Singing and dancing were a natural activity
in everybody'’s lives, seamlessly integrated and involving everyone. The
Sesotho verb for singing (ko bina), as in many of the world’s languages,
also means to dance; there is no distinction, since it is assumed that
singing involves bodily movement.

A couple of generations ago, before television, many families would
sit around and play music together for entertainment. Nowadays there is
a great emphasis on technique and skill, and whether a musician is “good
enough” to play for others. Music making has become a somewhat re-
served activity in our culture, and the rest of us listen. The music indus-
try is one of the largest in the United States, employing hundreds of
thousands of people. Album sales alone bring in $30 billion a year, and
this figure doesn’t even account for concert ticket sales, the thousands of
bands playing Friday nights at saloons all over North America, or the
thirty billion songs that were downloaded free through peer-to-peer file
sharing in 2005. Americans spend more money on music than on sex or
prescription drugs. Given this voracious consumption, I would say that
most Americans qualify as expert music listeners. We have the cognitive
capacity to detect wrong notes, to find music we enjoy, to remember
hundreds of melodies, and to tap our feet in time with the music—an ac-
tivity that involves a process of meter extraction so complicated that
most computers cannot do it. Why do we listen to music, and why are we
willing to spend so much money on music listening? Two concert tickets
can easily cost as much as a week’s food allowance for a family of four,
and one CD costs about the same as a work shirt, eight loaves of bread,
or basic phone service for a month. Understanding why we like music

and what draws us to it is a window on the essence of human nature.

To ask questions aboutCaQ)QSYC]: I:Qlﬁ B@(ﬁiﬂﬁ@gﬁ{f@lﬂaﬂ ability is to im-

plicitly ask questions about evolution. Animals evolved certain physical
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forms as a response to their environment, and the characteristics that
conferred an advantage for mating were passed down to the next gener-
ation through the genes.

A subtle point in Darwinian theory is that living organisms—whether
plants, viruses, insects, or animals—coevolved with the physical world.
In other words, while all living things are changing in response to the
world, the world is also changing in response to them. If one species de-
velops a mechanism to keep away a particular predator, that predator’s
species is then under evolutionary pressure either to develop a means to
overcome that defense or to find another food source. Natural selection
is an arms race of physical morphologies changing to catch up with one
another.

A relatively new scientific field, evolutionary psychology, extends the
notion of evolution from the physical to the realm of the mental. My
mentor when I was a student at Stanford University, the cognitive psy-
chologist Roger Shepard, notes that not just our bodies but our minds
are the product of millions of years of evolution. Our thought patterns,
our predispositions to solve problems in certain ways, our sensory sys-
tems—such as the ability to see color (and the particular colors we
see)—are all products of evolution. Shepard pushes the point still fur-
ther: Our minds coevolved with the physical world, changing in response
to ever-changing conditions. Three of Shepard’s students, Leda Cos-
mides and John Tooby of the University of California at Santa Barbara,
and Geoffrey Miller of the University of New Mexico, are among those at
the forefront of this new field. Researchers in this field believe that they
can learn a lot about human behavior by considering the evolution of the
mind. What function did music serve humankind as we were evolving
and developing? Certainly the music of fifty thousand and one hundred
thousand years ago is very different from Beethoven, Van Halen, or Em-
inem. As our brains have evolved, so has the music we make with them,
and the music that we want to hear. Did particular regions and pathways
evolve in our brains speciﬁcallEfor making and listening to music?

Contrary to thecéihpééﬁiﬂ &Q%M)%tﬁ{dna&n and music are pro-

cessed in the right hemisphere of our brains, with language and mathe-
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matics in the left, recent findings from my laboratory and those of my
colleagues are showing us that music is distributed throughout the brain.
Through studies of people with brain damage, we've seen patients who
have lost the ability to read a newspaper but can still read music, or in-
dividuals who can play the piano but lack the motor coordination to
button their own sweater. Music listening, performance, and composi-
tion engage nearly every area of the brain that we have so far identified,
and involve nearly every neural subsystem. Could this fact account for
claims that music listening exercises other parts of our minds; that lis-
tening to Mozart twenty minutes a day will make us smarter?

The power of music to evoke emotions is harnessed by advertising
executives, filmmakers, military commanders, and mothers. Advertisers
use music to make a soft drink, beer, running shoe, or car seem more hip
than their competitors’. Film directors use music to tell us how to feel
about scenes that otherwise might be ambiguous, or to augment our feel-
ings at particularly dramatic moments. Think of a typical chase scene in
an action film, or the music that might accompany a lone woman climb-
ing a staircase in a dark old mansion: Music is being used to manipulate
our emotions, and we tend to accept, if not outright enjoy, the power of
music to make us experience these different feelings. Mothers through-
out the world, and as far back in time as we can imagine, have used soft
singing to soothe their babies to sleep, or to distract them from some-
thing that has made them cry.

Many people who love music profess to know nothing about it. I've
found that many of my colleagues who study difficult, intricate topics
such as neurochemistry or psychopharmacology feel unprepared to deal
with research in the neuroscience of music. And who can blame them?
Music theorists have an arcane, rarified set of terms and rules that are as
obscure as some of the most esoteric domains of mathematics. To the
nonmusician, the blobs of ink on a page that we call music notation
might just as well be the notations of mathematical set theory. Talk of

keys, cadences, modulgiglp, H&QM%M@E %glll%le baffling.

Yet every one of my colleagues who feels intimidated by such jargon
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can tell me the music that he or she likes. My friend Norman White is a
world authority on the hippocampus in rats, and how they remember dif-
ferent places they’ve visited. He is a huge jazz fan, and can talk expertly
about his favorite artists. He can instantly tell the difference between
Duke Ellington and Count Basie by the sound of the music, and can even
tell early Louis Armstrong from late. Norm doesn’t have any knowledge
about music in the technical sense—he can tell me that he likes a certain
song, but he can’t tell me what the names of the chords are. He is, how-
ever, an expert in knowing what he likes. This is not at all unusual, of
course. Many of us have a practical knowledge of things we like, and can
communicate our preferences without possessing the technical knowl-
edge of the true expert. I know that I prefer the chocolate cake at one
restaurant I often go to, over the chocolate cake at my neighborhood
coffee shop. But only a chef would be able to analyze the cake—to de-
compose the taste experience into its elements—by describing the
differences in the kind of flour, or the shortening, or the type of choco-
late used.

It’s a shame that many people are intimidated by the jargon musi-
cians, music theorists, and cognitive scientists throw around. There is
specialized vocabulary in every field of inquiry (try to make sense of a
full blood-analysis report from your doctor). But in the case of music,
music experts and scientists could do a better job of making their work
accessible. That is something I tried to accomplish in this book. The un-
natural gap that has grown between musical performance and music lis-
tening has been paralleled by a gap between those who love music (and
love to talk about it) and those who are discovering new things about
how it works.

A feeling my students often confide to me is that they love life and its
mysteries, and they’re afraid that too much education will steal away
many of life’s simple pleasures. Robert Sapolsky’s students have proba-
bly confided much the same to him, and I myself felt the same anxiety in
1979, when I moved to Boston to attend the Berklee College of Music.

What if I took a sckgﬁﬁsy Jﬁ%&éﬂd\éﬁﬁf@lﬂum and, in analyzing
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it, stripped it of its mysteries? What if I became so knowledgeable about
music that I no longer took pleasure from it?

I still take as much pleasure from music as I did from that cheap hi-fi
through those headphones. The more I learned about music and about
science the more fascinating they became, and the more I was able to ap-
preciate people who are really good at them. Like science, music over
the years has proved to be an adventure, never experienced exactly the
same way twice. It has been a source of continual surprise and satisfac-
tion for me. It turns out science and music aren’t such a bad mix.

This book is about the science of music, from the perspective of cog-
nitive neuroscience—the field that is at the intersection of psychology
and neurology. I'll discuss some of the latest studies I and other re-
searchers in our field have conducted on music, musical meaning, and
musical pleasure. They offer new insights into profound questions. If
all of us hear music differently, how can we account for pieces that
seem to move so many people—Handel’s Messiah or Don McLean’s
“Vincent (Starry Starry Night)” for example? On the other hand, if we all
hear music in the same way, how can we account for wide differences in
musical preference—why is it that one man’s Mozart is another man’s
Madonna?

The mind has been opened up in the last few years by the exploding
field of neuroscience and the new approaches in psychology due to new
brain-imaging technologies, drugs able to manipulate neurotransmitters
such as dopamine and serotonin, and plain old scientific pursuit. Less
well known are the extraordinary advances we have been able to make
in modeling how our neurons network, thanks to the continuing revolu-
tion in computer technology. We are coming to understand computa-
tional systems in our head like never before. Language now seems to be
substantially hardwired into our brains. Even consciousness itself is no
longer hopelessly shrouded in a mystical fog, but is rather something
that emerges from observable physical systems. But no one until now
has taken all this new work together and used it to elucidate what is for

me the most beautiful ﬁBWJﬁ&QA&Q M@t@gj@!m music is a way to
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understand the deepest mysteries of human nature. That is why I wrote
this book. This book was written for the general reader and not for my
colleagues, so I have tried to simplify topics without oversimplifying
them. All the research described herin has been vetted by the peer-review
process and appeared in refereed journals. The full details of “your brain
on music” are contained in the notes at the end of the book.

By better understanding what music is and where it comes from, we
may be able to better understand our motives, fears, desires, memories,
and even communication in the broadest sense. Is music listening more
along the lines of eating when you're hungry, and thus satisfying an urge?
Or is it more like seeing a beautiful sunset or getting a backrub, which
triggers sensory pleasure systems in the brain? Why do people seem
to get stuck in their musical tastes as they grow older and cease exper-
imenting with new music? This is the story of how brains and music co-
evolved—what music can teach us about the brain, what the brain
can teach us about music, and what both can teach us about ourselves.

Copyrighted Material



1. What Is Music?

From Pitch to Timbre

hat is music? To many, “music” can only mean the great masters—
W Beethoven, Debussy, and Mozart. To others, “music” is Busta
Rhymes, Dr. Dre, and Moby. To one of my saxophone teachers at Berklee
College of Music—and to legions of “traditional jazz” aficionados—
anything made before 1940 or after 1960 isn’t really music at all. I had
friends when I was a kid in the sixties who used to come over to my house
to listen to the Monkees because their parents forbade them to listen to
anything but classical music, and others whose parents would only let them
listen to and sing religious hymns, in both cases fearing the “dangerous
rhythms” of rock and roll. When Bob Dylan dared to play an electric guitar
at the Newport Folk Festival in 1965, people walked out and many of those
who stayed, booed. The Catholic Church banned music that contained
polyphony (more than one musical part playing at a time), fearing that it
would cause people to doubt the unity of God. The church also banned
the musical interval of an augmented fourth, the distance between C and
F-sharp and also known as a tritone (the interval in Leonard Bernstein’s
West Side Story when Tony sings the name “Maria”). This interval was
considered so dissonant that it must have been the work of Lucifer, and

so the church named 1?)91{%%%9 W%Mgtﬁr@ pitch that had the

medieval church in an uproar. And it was timbre that got Dylan booed. It
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was the latent African rhythms in rock that frightened white suburban
parents, perhaps fearful that the beat would induce a permanent, mind-
altering trance in their innocent children. What are rhythm, pitch, and
timbre—are they merely ways of describing different mechanical as-
pects of a song, or do they have a deeper, neurological basis? Are all of
these elements necessary?

The music of avant-garde composers such as Francis Dhomont,
Robert Normandeau, or Pierre Schaeffer stretches the bounds of what
most of us think music is. Going beyond the use of melody and harmony,
and even beyond the use of instruments, these composers use record-
ings of found objects in the world such as jackhammers, trains, and wa-
terfalls. They edit the recordings, play with their pitch, and ultimately
combine them into an organized collage of sound with the same type of
emotional trajectory—the same tension and release—as traditional mu-
sic. Composers in this tradition are like the painters who stepped out-
side of the boundaries of representational and realistic art—the cubists,
the Dadaists, many of the modern painters from Picasso to Kandinsky to
Mondrian.

What do the music of Bach, Depeche Mode, and John Cage funda-
mentally have in common? On the most basic level, what distinguishes
Busta Rhymes’s “What’s It Gonna Be?!” or Beethoven’s “Pathétique” Sonata
from, say, the collection of sounds you’d hear standing in the middle of
Times Square, or those you'd hear deep in a rainforest? As the composer
Edgard Varese famously defined it, “Music is organized sound.”

This book drives at a neuropsychological perspective on how music
affects our brains, our minds, our thoughts, and our spirit. But first, it is
helpful to examine what music is made of. What are the fundamental
building blocks of music? And how, when organized, do they give rise to
music? The basic elements of any sound are loudness, pitch, contour, du-
ration (or rhythm), tempo, timbre, spatial location, and reverberation.
Our brains organize these fundamental perceptual attributes into higher-
level concepts —just as a painter arranges lines into forms—and these

include meter, hamggpa)ﬁﬁi ﬁQ&&Q VMQ; @Qil?slten to music, we are ac-

tually perceiving multiple attributes or “dimensions.”
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Before getting to the brain basis of all this, I'd like to take this chapter
to define the muscial terms and quickly review some basic ideas in mu-
sic theory, and illustrate them with muscial examples. (Musicians may
want to skip or skim this chapter.) First here is a brief summary of the
main terms.

~ Piltch is a purely psychological construct, related both to the actual
frequency of a particular tone and to its relative position in the musi-
cal scale. It provides the answer to the question “What note is that?”
(“It's a C-sharp.”) I'll define frequency and musical scale below.
(When a trumpet player blows in his instrument and makes a single
sound, he makes what most of us call a note, and what scientists call
a tone. The two terms, tone and note refer to the same entity in the
abstract, but we reserve the word tone for what you hear, and the
word note for what you see written on a musical score.) In the nurs-
ery rhymes “Mary Had a Little Lamb” and “Are You Sleeping?” pitch
is the only thing that varies in the first seven notes—the rhythm stays
the same. This demonstrates the power—and fundamentality—of
pitch in defining a melody or song.

~ Rhythm refers to the durations of a series of notes, and to the way
that they group together into units. For example, in the “Alphabet
Song” (the same as “Twinkle, Twinkle Little Star”) the first six
notes of the song are all equal in duration as we sing the names of
the letters A B C D E F and then we hold the letter G for twice the
duration. Then we're back to the standard duration for HIJ K, and
then the following four letters are sung with half the duration, or
twice as fast per letter: LM N O and then ending on a held P (lead-
ing generations of schoolchildren to spend several early months
believing that there was a letter in the English alphabet called
ellemmenno). In the Beach Boys’ song “Barbara Ann,” the first
seven notes are all sung on the same pitch, with only the rhythm

varying. In fact, tﬁ%@%ﬁl %Jseﬂte!}/'tﬁ;?ﬂéa;ll sung on the same

pitch as well (in the melody), as Brian Wilson is joined by other
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voices singing other notes (harmony). The Beatles have several
songs in which pitch is held constant and only rhythm varies
across several notes: the first four notes of “Come Together”; the
six notes of “Hard Day’s Night” following the lyric “It’'s been a”; the
first six notes of “Something.”

~ Tempo refers to the overall speed or pace of the piece. If you were
tapping your foot, dancing, or marching to the piece, it's how fast

or slow these regular movements would be.

~ Contour describes the overall shape of a melody, taking into ac-
count only the pattern of “up” and “down” (whether a note goes up
or down, not the amount by which it goes up or down).

~ Timbre (rhymes with amber) distinguishes one instrument from
another—say, trumpet from piano—when both are playing the
same written note. It is a kind of tonal color that is produced in
part by overtones from the instrument’s vibrations (more on that
later). It also describes the way that a single instrument can
change sound as it moves across its range—say the warm sound of
a trumpet low in its range versus the piercing sound of that same
trumpet playing its highest note.

~ Loudness is a purely psychological construct that relates (nonlin-
early and in poorly understood ways) to how much energy an instru-
ment creates—how much air it displaces—and what an acoustician
would call the amplitude of a tone.

~ Reverberation refers to the perception of how distant the source
is from us in combination with how large a room or hall the music
is in; often referred to as “echo” by laypeople, it is the quality that
distinguishes the spaciousness of singing in a large concert hall
from the sound of singing in your shower. It has an underappreci-

ated role in communicating emotion and creating an overall pleas-

ing sound. - Copyrighted Material
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Psychophysicists—scientists who study the ways that the brain inter-
acts with the physical world—have shown that these attributes are sep-
arable. Each can be varied without altering the others, allowing the
scientific study of one at a time. I can change the pitches in a song with-
out changing the rhythm, and I can play a song on a different instrument
(changing the timbre) without changing the duration or pitches of the
notes. The difference between music and a random or disordered set of
sounds has to do with the way these fundamental attributes combine,
and the relations that form between them. When these basic elements
combine and form relationships with one another in a meaningful way,
they give rise to higher-order concepts such as meter, key, melody, and

harmony.

~ Meter is created by our brains by extracting information from
rhythm and loudness cues, and refers to the way in which tones
are grouped with one another across time. A waltz meter orga-
nizes tones into groups of three, a march into groups of two or four.

~ Key has to do with a hierarchy of importance that exists between
tones in a musical piece; this hierarchy does not exist in-the-world,
it exists only in our minds, as a function of our experiences with a
musical style and musical idioms, and mental schemas that all of
us develop for understanding music.

~ Melody is the main theme of a musical piece, the part you sing
along with, the succession of tones that are most salient in your
mind. The notion of melody is different across genres. In rock mu-
sic, there is typically a melody for the verses and a melody for the
chorus, and verses are distinguished by a change in lyrics and
sometimes by a change in instrumentation. In classical music, the
melody is a starting point for the composer to create variations on
that theme, which may be used throughout the entire piece in dif-

ferent forms.  Copyrighted Material
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~ Harmony has to do with relationships between the pitches of dif-
ferent tones, and with tonal contexts that these pitches set up that
ultimately lead to expectations for what will come next in a musi-
cal piece—expectations that a skillful composer can either meet
or violate for artistic and expressive purposes. Harmony can mean
simply a parallel melody to the primary one (as when two singers
harmonize) or it can refer to a chord progression—the clusters of
notes that form a context and background on which the melody
rests.

I'll be elaborating on all of these as we go along.

The idea of primitive elements combining to create art, and of the im-
portance of relationships between elements, also exists in visual art and
dance. The fundamental elements of visual perception include color
(which itself can be decomposed into the three dimensions of hue, satu-
ration, and lightness), brightness, location, texture, and shape. But a
painting is more than these—it is not just a line here and another there,
or a spot of red in one part of the picture and a patch of blue in another.
What makes a set of lines and colors into art is the relationship between
this line and that one; the way one color or form echoes another in a dif-
ferent part of the canvas. Those dabs of paint and lines become art when
form and flow (the way in which your eye is drawn across the canvas)
are created out of lower-level perceptual elements. When they combine
harmoniously they give rise to perspective, foreground and background,
and ultimately to emotion and other aesthetic attributes. Similarly, dance
is not just a raging sea of unrelated bodily movements; the relationship
of those movements to one another is what creates integrity and integral-
ity, a coherence and cohesion that the higher levels of our brain process.
And as in visual art, music plays on not just what notes are sounded, but
which ones are not. Miles Davis famously described his improvisational
technique as parallel to the Wa% that Picasso described his use of a can-

vas: The most cﬁti&%lyegtg) %%Mﬁﬁ%ists said, was not the

objects themselves, but the space between objects. In Miles’s case, he



What Is Music? 19

described the most important part of his solos as the empty space be-
tween notes, the “air” that he placed between one note and the next.
Knowing precisely when to hit the next note, and allowing the listener
time to anticipate it, is a hallmark of Davis’s genius. This is particularly
apparent in his album Kind of Blue.

To nonmusicians, terms such as diatonic, cadence, or even key and
pitch can throw up an unnecessary barrier. Musicians and critics some-
times appear to live behind a veil of technical terms that can sound pre-
tentious. How many times have you read a concert review in the
newspaper and found you have no idea what the reviewer is saying? “Her
sustained appoggiatura was flawed by an inability to complete the
roulade.” Or, “I can’t believe they modulated to C-sharp minor! How
ridiculous!” What we really want to know is whether the music was per-
formed in a way that moved the audience. Whether the singer seemed to
inhabit the character she was singing about. You might want the re-
viewer to compare tonight’s performance to that of a previous night or a
different ensemble. We're usually interested in the music, not the techni-
cal devices that were used. We wouldn’t stand for it if a restaurant re-
viewer started to speculate about the precise temperature at which the
chef introduced the lemon juice in a hollandaise sauce, or if a film critic
talked about the aperture of the lens that the cinematographer used; we
shouldn’t stand for it in music either.

Moreover, those who study music—even musicologists and scientists—
disagree about what is meant by some of these terms. We employ the
term timbre, for example, to refer to the overall sound or tonal color of
an instrument—that indescribable character that distinguishes a trum-
pet from a clarinet when they’re playing the same written note, or what
distinguishes your voice from Brad Pitt’s if you're saying the same
words. But an inability to agree on a definition has caused the scientific
community to take the unusual step of throwing up its hands and defin-
ing timbre by what it is not. (The official definition of the Acoustical So-

ciety of America is tha@%gig QJ}Q%MQ%%%B sound that is not

loudness or pitch. So much for scientific precision!)
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What is pitch and where does it come from? This simple question has
generated hundreds of scientific articles and thousands of experiments.
Almost all of us, even without musical training, can tell if a singer is off-
key; we might not be able to say whether she is sharp or flat, or by how
much, but after the age of five, most humans have as well a refined abil-
ity to detect tones that are out of tune as to discriminate a question from
an accusation (in English, a rising pitch indicates a question, a straight or
slightly falling pitch indicates an accusation). This comes from an inter-
action between our exposure to music and the physics of sound. What
we call pitch is related to the frequency or rate of vibration of a string,
column of air, or other physical source. If a string is vibrating so that it
moves back and forth sixty times in one second, we say that it has a fre-
quency of sixty cycles per second. The unit of measurement, cycles per
second, is often called Hertz (abbreviated Hz) after Heinrich Hertz, the
German theoretical physicist who was the first to transmit radio waves
(a dyed-in-the-wool theoretician, when asked what practical use radio
waves might have, he reportedly shrugged, “None”). If you were to try to
mimic the sound of a fire engine siren, your voice would sweep through
different pitches, or frequencies (as the tension in your vocal folds
changes), some “low” and some “high.”

Keys on the left of the piano keyboard strike longer, thicker strings
that vibrate at a relatively slow rate. Keys to the right strike shorter, thin-
ner strings that vibrate at a higher rate. The vibration of these strings dis-
places air molecules, and causes them to vibrate at the same rate—with
the same frequency as the string. These vibrating air molecules are what
reach our eardrum, and they cause our eardrum to wiggle in and out at
the same frequency. The only information that our brains get about the
pitch of sound comes from that wiggling in and out of our eardrum; our
inner ear and our brain have to analyze the motion of the eardrum in or-
der to figure out what vibrations out-there-in-the-world caused the
eardrum to move that way. Although I said that air molecules vibrate,
other molecules will too—we can hear music under water or in other flu-

ids if the water (or@&@rﬂdﬂ?ﬁ%ﬂ%@t% @A.used to vibrate. But in

the vacuum of space, with no molecules to vibrate, there is no sound.
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(The next time you're watching Star Trek and hear the roar of the en-
gines in space, you'll have some good Trekkie Trivia to share.)

By convention, when we press keys nearer to the left of the keyboard,
we say that they are “low” pitch sounds, and ones near the right side of
the keyboard are “high” pitch. That is, what we call “low” are those
sounds that vibrate slowly, and are closer (in vibration frequency) to the
sound of a large dog barking. What we call “high” are those sounds that
vibrate rapidly, and are closer to what a small yip-yip dog might make.
But even these terms high and low are culturally relative—the Greeks
talked about sounds in the opposite way because the stringed instru-
ments they built tended to be oriented vertically. Shorter strings or pipe
organ tubes had their tops closer to the ground, so these were called
the “low” notes (as in “low to the ground,”) and the longer strings and
tubes—reaching up toward Zeus and Apollo—were called the “high”
notes. Low and high—just like left and right—are effectively arbitrary
terms that ultimately have to be memorized. Some writers have argued
that “high” and “low” are intuitive labels, noting that what we call high-
pitched sounds come from birds (who are high up in trees or in the sky)
and what we call low-pitched sounds often come from large, close-to-
the-ground mammals such as bears or the low sounds of an earthquake.
But this is not convincing, since low sounds also come from up high
(think of thunder) and high sounds can come from down low (crickets
and squirrels, leaves being crushed underfoot).

As a first definition of piich, let’s say it is that quality that primarily
distinguishes the sound that is associated with pressing one piano key
versus another.

Pressing a piano key causes a hammer to strike one or more strings
inside the piano. Striking a string displaces it, stretching it a bit, and its
inherent resiliency causes it to return toward its original position. But it
overshoots that original position, going too far in the opposite direction,
and then attempts to return to its original position again, overshooting it
again, and in this way it oscillates back and forth. Each oscillation cov-

ers less distance, and, 1gﬁ’rpey {;1119 QL‘?[Q Smtlgglfﬁ“lg altogether. This is

why the sound you hear when you press a piano key gets softer until it
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trails off into nothing. The distance that the string covers with each os-
cillation back and forth is translated by our brains into loudness; the rate
at which it oscillates is translated into pitch. The farther the string trav-
els, the louder the sound seems to us; when it is barely traveling at all,
the sound seems soft. Although it might seem counterintuitive, the dis-
tance traveled and the rate of oscillation are independent. A string can
vibrate very quickly and traverse either a great distance or a small one.
The distance it traverses is related to how hard we hit it—this corre-
sponds to our intuition that hitting something harder makes a louder
sound. The rate at which the string vibrates is principally affected by its
size and how tightly strung it is, not by how hard it was struck.

It might seem as though we should simply say that pitch is the same
as frequency; that is, the frequency of vibration of air molecules. This is
almost true. Mapping the physical world onto the mental world is sel-
dom so straightforward, as we'll see later. However, for most musical
sounds, pitch and frequency are closely related.

The word pitch refers to the mental representation an organism has
of the fundamental frequency of a sound. That is, pitch is a purely psy-
chological phenomenon related to the frequency of vibrating air mole-
cules. By “psychological,” I mean that it is entirely in our heads, not in
the world-out-there; it is the end product of a chain of mental events that
gives rise to an entirely subjective, internal mental representation or
quality. Sound waves—molecules of air vibrating at various frequen-
cies—do not themselves have pitch. Their motion and oscillations can
be measured, but it takes a human (or animal) brain to map them to that
internal quality we call pitch.

We perceive color in a similar way, and it was Isaac Newton who first
realized this. (Newton, of course, is known as the discoverer of the the-
ory of gravity, and the inventor, along with Leibniz, of calculus. Like
Einstein, Newton was a very poor student, and his teachers often com-
plained of his inattentiveness. Ultimately, Newton was kicked out of
school.)

Newton was the‘ﬁ&&){ Hgﬁ%gtMﬁiﬁlE iigllzolorless, and that con-

sequently color has to occur inside our brains. He wrote, “The waves
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themselves are not colored.” Since his time, we have learned that light
waves are characterized by different frequencies of oscillation, and
when they impinge on the retina of an observer, they set off a chain of
neurochemical events, the end product of which is an internal mental
image that we call color. The essential point here is: What we perceive as
color is not made up of color. Although an apple may appear red, its
atoms are not themselves red. And similarly, as the philosopher Daniel
Dennett points out, heat is not made up of tiny hot things.

A bowl of pudding only has taste when I put it in my mouth—when it
is in contact with my tongue. It doesn’t have taste or flavor sitting in my
fridge, only the potential. Similarly, the walls in my kitchen are not
“white” when I leave the room. They still have paint on them, of course,
but color only occurs when they interact with my eyes.

Sound waves impinge on the eardrums and pinnae (the fleshy parts of
your ear), setting off a chain of mechanical and neurochemical events,
the end product of which is an internal mental image we call pitch. If a
tree falls in a forest and no one is there to hear it, does it make a sound?
(The question was first posed by the Irish philosopher George Berkeley.)
Simply, no—sound is a mental image created by the brain in response to
vibrating molecules. Similarly, there can be no pitch without a human or
animal present. A suitable measuring device can register the frequency
made by the tree falling, but truly it is not pitch unless and until it is
heard.

No animal can hear a pitch for every frequency that exists, just as the
colors that we actually see are only a small portion of the entire electro-
magnetic spectrum. Sound can theoretically be heard for vibrations from
just over 0 cycles per second up to 100,000 cycles per second or more,
but each animal hears only a subset of the possible sounds. Humans
who are not suffering from any kind of hearing loss can usually hear
sounds from 20 Hz to 20,000 Hz. The pitches at the low end sound like
an indistinct rumble or shaking—this is the sound we hear when a truck
goes by outside the window (its engine is creating sound around 20 Hz)

or when a tricked—(gap&y Wﬂm %cy@tﬁﬁl %lstem has the subwoof-

ers cranked up really loud. Some frequencies—those below 20 Hz—
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are inaudible to humans because the physiological properties of our ears
aren’t sensitive to them. The beats we hear on 50 Cents’ “In da Club”
or N.W.A.’s “Express Yourself” are near the low end of our range of hear-
ing; the ending of “A Day in Life” on the CD of the Beatles’ Sgt. Pepper’s
Lonely Hearts Club Band has a few seconds of sound at 15 KHz, inaud-
ible to most adults over 40! (If the Beatles believed to never trust any-
one over 40, this may have been their test, but Lennon reportedly just
wanted something to make people’s dogs perk up.)

The range of human hearing is generally 20 Hz to 20,000 Hz, but this
doesn’t mean that the range of human pitch perception is the same; al-
though we can hear sounds in this entire range, they don’t all sound mu-
sical; that is, we can’t unambiguously assign a pitch to the entire range.
By analogy, colors at the infrared and ultraviolet ends of the spectrum
lack definition compared to the colors closer to the middle. The figure on
page 23 shows the range of musical instruments, and the frequency as-
sociated with them. The sound of the average male speaking voice is
around 110 Hz, and the average female speaking voice is around 220 Hz.
The hum of fluorescent lights or from faulty wiring is 60 Hz (in North
America; in Europe and countries with a different voltage/current stan-
dard, it can be 50 Hz). The sound that a singer hits when she causes a
glass to break might be 1000 Hz. The glass breaks because it, like all
physical objects, has a natural and inherent vibration frequency. You can
hear this by flicking your finger against its sides or, if it’s crystal, by run-
ning your wet finger around the rim of the glass in a circular motion.
When the singer hits just the right frequency—the resonant frequency of
the glass—it causes the molecules of the glass to vibrate at their natural
rate, and they vibrate themselves apart.

A standard piano has eighty-eight keys. Very rarely, pianos can have a
few extra ones at the bottom and electronic pianos, organs, and synthe-
sizers can have as few as twelve or twenty-four keys, but these are spe-
cial cases. The lowest note on a standard piano vibrates with a frequency
of 27.5 Hz. Interestingly, this is about the same rate of motion that con-

stitutes an important tﬁ;&p&ﬂilg I%s%g M@Lﬁﬁbﬁl A sequence of still

photographs—slides—displayed at or about this rate of presentation
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will give the illusion of motion. “Motion pictures” are a sequence of still
images presented at a rate (twenty-four frames per second) that exceeds
the temporal resolving properties of the human visual system. In 35 mm
film projection, each image is presented for =1/48th of a second, alter-
nating with a black frame of roughly equal duration as the lens is
blocked between successive still images. We perceive smooth, continu-
ous motion when in fact there is no such thing actually being shown to
us. (Old-timey movies seem to flicker because their frame rate, at 16-18
fps was too low, and our visual system picked up on the discontinuities.)
When molecules vibrate at around this speed we hear something that
sounds like a continuous tone. If you put playing cards in the spokes of
your bicycle wheel when you were a kid, you demonstrated to yourself a
related principle: At slow speeds, you simply hear the click-click-click of
the card hitting the spokes. But above a certain speed, the clicks run to-
gether and create a buzz, a tone you can actually hum along with; a pitch.
When that lowest note on the piano plays, and vibrates at 27.5 Hz, to
most people it lacks the distinct pitch of sounds toward the middle of the
keyboard. At the lowest and the highest ends of the piano keyboard, the
notes sound fuzzy to many people with respect to their pitch. Composers
know this, and they either use these notes or avoid them depending on
what they are trying to accomplish compositionally and emotionally.
Sounds with frequencies above the highest note on the piano keyboard,
around 6000 Hz and more, sound like a high-pitched whistling to most
people. Above 20,000 Hz most humans don’t hear a thing, and by the age
of sixty, most adults can’t hear much above 15,000 Hz or so due to a stiff-
ening of the hair cells in the inner ear. So when we talk about the range
of musical notes, or that restricted part of the piano keyboard that conveys
the strongest sense of pitch, we are talking about roughly three quarters
of the notes on the piano keyboard, between about 55 Hz and 2000 Hz.
Pitch is one of the primary means by which musical emotion is con-
veyed. Mood, excitement, calm, romance, and danger are signaled by a
number of factors, but pitch is among the most decisive. A single high

note can convey exg{%ﬁyl(ﬂ,gtq;t%% M@Lg{é gédness. When notes are

strung together, we get more powerful and more nuanced musical state-
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