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womb, but there must be more to the story than that, or children we
simply gravitate toward the music their mothers like, or that plays
Lamaze classes. What we can say is that musical preferences are in
enced, but not determined, by what we hear in the womb. There als,
an extended period of acculturation, during which the infant takes in -
music of the culture she is born into. There were reports a few years.
that prior to becoming used to the music of a foreign (to us) culture,
infants prefer Western music to other music, regardless of their culture
race. These findings were not corroborated, but rather, it was found th:
infants do show a preference for consonance over dissonance. Appreciat
dissonance comes later in life, and people differ in how much disso
they can tolerate.

There is probably a neural basis for this. Consonant intervals and
sonant intervals are processed via separate mechanisms in the audi
cortex. Recent results from studying the electrophysiological responses
humans and monkeys to sensory dissonance (that is, chords that so
dissonant by virtue of their frequency ratios, not due to any harmonic ¢
musical context) show that neurons in the primary auditory cortex—t
first level of cortical processing for sound—synchronize their firing
during dissonant chords, but not during consonant chords. Why the

“would create a preference for consonance is not yet clear.

We do know a bit about the infant’s auditory world. Although in
ears are fully functioning four months before birth, the developing br
requires months or years to reach full auditory processing capacity
Infants recognize transpositions of pitch and of time (tempo chang
indicating they are capable of relational processing, something that eve
the most advanced computers still can’t do very well. Jenny Saffran of
University of Wisconsin and Laurel Trainor of McMaster University hay
gathered evidence that infants can also attend to absolute-pitch cues
the task requires it, suggesting a cognitive flexibility previously unknows
Infants can employ different modes of processing—presumably mediate
by different neural circuits—depending on what will best help them
solve the problem at hand. ‘

Trehub, Dowling, and others have shown that contour is the mo
salient musical feature for infants, who can detect contour similariti
and differences even across thirty seconds of retention. Recall that cor
tour refers to the pattern of musical pitch in a melody—the sequence
ups and downs that the melody takes—regardless of the size of the inte
val. Someone attending to contour exclusively would encode only th
the melody goes up, for example, but not by how much. Infants®
sensitivity to musical contour parallels their sensitivity to linguist
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contours—which separate questions from exclamations, for example, and
which are part of what linguists call prosody. Fernald and Trehub have
documented the ways in which parents speak differently to infants than
to older children and adults, and this holds across cultures. The resulting
manner of speaking uses a slower tempo, an extended pitch range, and a
higher overall pitch level. _

Mothers (and to a lesser extent, fathers) do this quite naturally without
any explicit instriction to do so, using an exaggerated intonation that the
researchers call infant-directed speech or motherese. We believe that
motherese helps to call the babies’ attention to the mother’s voice, and
helps to distinguish words within the sentence. Instead of saying, as we
would to an adult, “This is a ball,” motherese would entail something
like, “Seeeeee?” (with the pitch of the eee’s going up to the end of the
sentence). “See the BAAAAAALLLLLL?” (with the pitch covering an
extended range and going up again at the end of the word ball). In such
utterances, the contour is a signal that the mother is asking a question or
making a statement, and by exaggerating the differences between up and
down contours, the mother calls attention to them. In effect, the mother
is creating a prototype for a question and a prototype for a declaration,
and ensuring that the prototypes are easily distinguishable. When a
mother gives an exclamatory scold, quite naturally—and again without
explicit training—she is likely to create a third type of prototypical utter-
ance, one that is short and clipped, without much pitch variation: “No!”
(pause) “No! Bad!” (pause) “I said no!” Babies seem to come hardwired
with an ability to detect and track contour, preferentially, over specific
pitch intervals.

Trehub also showed that infants are more able to encode consonant
intervals such as perfect fourth and perfect fifth than dissonant ones, like
the tritone. Trehub found that the unequal steps of our scale make it eas-
ler to process intervals even early in infancy. She and her colleagues
played nine-month-olds the regular seven-note major scale and two scales
she invented. For one of these invented scales, she divided the octave into
eleven equal-space steps and then selected seven tones that made one- and
two-step patterns, and for the other she divided the octave into seven
equal steps. The infants’ task was to detect a mistuned tone. Adults per-
formed well with the major scale, but poorly with both of the artificial,
never-before-heard scales. In contrast, the infants did equally well on
both unequally tuned scales and on the equally tuned ones. From prior
work, it is believed that nine-month-olds have not yet incorporated a
mental schema for the major scale, so this suggests a general processing
advantage for unequal steps, something our major scale has.
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In other words, our brains and the musical scales we use seem to
coevolved. It is no accident that we have the funny, asymmetric arr
ment of notes in the major scale: It is easier to learn melodies wi
arrangement, which is a result of the physics of sound production
the set of tones we use in our major scale are very close in pitch to
tones that constitute the overtone series. Very early in childhoo
children start to spontaneously vocalize, and these early vocalizatio
sound a lot like singing. Babies explore the range of their voices,
begin to explore phonetic production, in response to the sounds the
bringing in from the world around them. The more music they he:
the more likely they are to include pitch and rhythmic variations in 1
spontaneous vocalizations.

Young children start to show a preference for the music of their cul
by age two, around the same time they begin to develop specialized sp
processing. At first, children tend to like simple songs, where si
means music that has clearly defined themes (as opposed to, say, fo
counterpoint) and chord progressions that resolve in direct and easil
dictable ways. As they mature, children start to tire of easily predi
music and search for music that holds more challenge. According to
Posner, the frontal lobes and the anterior cingulate—a structur
behind the frontal lobes that directs attention—are not fully for
in children, leading to an inability to pay attention to several thing
once; children show difficulty attending to one stimulus when distrac
are present. This accounts for why children under the age of eight o
have so much difficulty singing “rounds” like “Row, Row, Row °
Boat.” Their attentional system—specifically the network that co
the cingulate gyrus (the larger structure within which the anterior cis
late sits) and the orbitofrontal regions of the brain—cannot adequately
ter out unwanted or distracting stimuli. Children who have not yet reached
the developmental stage of being able to exclude irrelevant auditory
mation face a world of great sonic complexity with all sounds co
as a sensory barrage. They may try to follow the part of the song that
group is supposed to be singing, only to be distracted and tripped u
the competing parts in the round. Posner has shown that certain exe
adapted from attention and concentration games used by NASA ca
accelerate the development of the child’s attentional ability.

The developmental trajectory, in children, of first preferring simple
then more complex songs is a generalization, of course; not all chil"
like music in the first place, and some children develop a taste for mu:
that is off the beaten path, oftentimes through pure serendipity. I beca
fascinated with big band and swing music when I was eight, around
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time my grandfather gave me his collection of 78 rpm records from
the World War II era. I was initially attracted by novelty songs, such as
«The Syncopated Clock,” “Would You Like to Swing on a Star,” “The
Teddy Bear’s Picnic,” and “Bibbidy Bobbidy Boo”—songs that were
made for children. But sufficient exposure to the relatively exotic chord
patterns and voicings of Frank de Vol’s and Leroy Anderson’s orchestras
became part of my mental wiring, and I soon found myself listening to all
kinds of jazz; the children’s jazz opened the neural doors to make jazz in
general palatable and understandable.

Researchers point to the teen years as the turning point for musical
preferences. It is around the age of ten or eleven that most children take
on music as a real interest, even those children who didn’t express such
an interest in music earlier. As adults, the music we tend to be nostalgic
for, the music that feels like it is “our” music, corresponds to the music
we heard during these years. One of the first signs of Alzheimer’s disease
(a disease characterized by changes in nerve cells and neurotransmitter
levels, as well as destruction of synapses) in older adults is memory loss.
As the disease progresses, memory loss becomes more profound. Yet
many of these old-timers can still remember how to sing the songs they
heard when they were fourteen. Why fourteen? Part of the reason we
remember songs from our teenage years is because those years were times
of self-discovery, and as a consequence, they were emotionally charged;
in general, we tend to remember things that have an emotional compo-
nent because our amygdala and neurotransmitters act in concert to “tag”
the memories as something important. Part of the reason also has to do
with neural maturation and pruning; it is around fourteen that the wiring
of our musical brains is approaching adultlike levels of completion.

There doesn’t seem to be a cutoff point for acquiring new tastes in
music, but most people have formed their tastes by the age of eighteen or
twenty. Why this is so is not clear, but several studies have found it to be
the case. Part of the reason may be that in general, people tend to become
less open to new experiences as they age. During our teenage years,
we begin to discover that there exists a world of different ideas, different
cultures, different people. We experiment with the idea that we don’t
have to limit our life’s course, our personalities, or our decisions to what
we were taught by our parents, or to the way we were brought up. We
also seek out different kinds of music. In Western culture in particular, the
choice of music has important social consequences. We listen to the music
that our friends listen to. Particularly when we are young, and in search
of our identity, we form bonds or social groups with people whom we
want to be like, or whom we believe we have something in common with.
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As a way of externalizing the bond, we dress alike, share activitieg
listen to the same music. Our group listens to this kind of music, .
people listen to that kind of music. This ties into the evolutionary
music as a vehicle for social bonding and societal cohesion. My
musical preferences become a mark of personal and group 1dent1ty
distinction.

To some degree, we might say that personality characteristics a
ciated with, or predictive of, the kind of music that people like.
large degree, it is determined by more or less chance factors: whe
went to school, who you hung out with, what music they happened
listening to. When I lived in northern California as a kid, Cree
Clearwater Revival was huge—they were from just down the road
I moved to southern California, CCR’s brand of quasi-cowboy, ¢
hick music didn’t fit in well with the surfer/Hollywood culture
embraced the Beach Boys and more theatrical performance artist
David Bowie.

Also, our brains are developing and forming new connections
explosive rate throughout adolescence, but this slows down substan
after our teenage years, the formative phase when our neural ci
become structured out of our experiences. This process applies 1
music we hear; new music becomes assimilated within the frame
the music we were listening to during this critical period. We knov
there are critical periods for acquiring new skills, such as languag
child doesn’t learn language by the age of six or so (whether a
a second language), the child will never learn to speak with the effo
ness that characterizes most native speakers of a language. Musi
mathematics have an extended window, but not an unlimited on
student hasn’t had music lessons or mathematical training prior to
age twenty, he can still learn these subjects, but only with great diff
and it’s likely that he will never “speak” math or music like so
who learned them early. This is because of the biological course for
aptic growth. The brain’s synapses are programmed to grow for a n
ber of years, making new connections. After that time, there is a
toward pruning, to get rid of unneeded connections.

Neuroplasticity is the ability of the brain to reorganize itself. Altha
in the last five years there have been some impressive demonstra
of brain reorganization that used to be thought impossible, the amoi
reorganization that can occur in most adults is vastly less than can
in children and adolescents.

Of course, there are individual differences. Just as some people ¢
broken bones or skin cuts faster than others, so, too, can some p
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forge new connections more easily than others. Generally, between the
ages of eight and fourteen, pruning starts to occur in the frontal lobes,
the seat of higher thought and reasoning, planning, and impulse control.
Myelination starts to ramp up during this time. Myelin is a fatty sub-
stance that coats the axons, speeding up synaptic transmission. (This is
why as children get older, generally, problem solving becomes more rapid
and they are able to solvé more complex problems.) Myelination of the
whole brain is generally completed by age twenty. Multiple sclerosis is
one of several degenerative diseases that can affect the myelin sheath sur-
rounding the neurons.

The balance between simplicity and complexity in music also informs
our preferences. Scientific studies of like and dislike across a variety of aes-
thetic domains—painting, poetry, dance, and music—have shown that an
orderly relationship exists between the complexity of an artistic work and
how much we like it. Of course, complexity is an entirely subjective
concept. In order for the notion to make any sense, we have to allow for
the idea that what seems impenetrably complex to Stanley might fall right
in the “sweet spot” of preference for Oliver. Similarly, what one person
finds insipid and hideously simple, another person might find difficult to
understand, based on differences in background, experience, understand-
ing, and cognitive schemas.

In a sense, schemas are everything. They frame our understanding;
they’re the system into which we place the elements and interpretations
of an aesthetic object. Schemas inform our cognitive models and expecta-
tions. With one schema, Mabhler’s Fifth is perfectly interpretable, even
upon hearing it for the first time: It is a symphony, it follows symphonic
form with four movements; it contains a main theme and subthemes, and
repetitions of the theme; the themes are manifested through orchestral
instruments, as opposed to African talking drums or fuzz bass. Those
familiar with Mahler’s Fourth will recognize that the Fifth opens with a
variation on that same theme, and even at the same pitch. Those well
acquainted with Mahler’s work will recognize that the composer includes
quotations from three of his own songs. Musically educated listeners will
be aware that most symphonies from Haydn to Brahms and Bruckner
typically begin and end in the same key. Mahler flouts this convention
with his Fifth, moving from C-sharp minor to A minor and finally ending
in D major. If you had not learned to hold in your mind a sense of key as
the symphony develops, or if you did not have a sense of the normal tra-
jectory of a symphony, this would be meaningless; but for the seasoned
listener, this flouting of convention brings a rewarding surprise, a viola-
tion of expectations, especially when such key changes are done skillfully
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so as not to be jarring. Lacking a proper symphonic schema
listener holds another schema, perhaps that of an aficionado
ragas, Mahler’s Fifth is nonsensical or perhaps rambling, one
idea melding amorphously into the next, with no boundaries,
nings or endings that appear as part of a coherent whole. Th,
frames our perception, our cognitive processing, and ultima
experience.

When a musical piece is too simple we tend not to like it,
trivial. When it is too complex, we tend not to like it,
unpredictable—we don’t perceive it to be grounded in anything
Music, or any art form for that matter, has to strike the right
between simplicity and complexity in order for us to like it. S
and complexity relate to familiarity, and familiarity is just ano
for a schema. i

It is important in science, of course, to define our terms. What
simple” or “too complex”? An operational definition is that"
piece too simple when we find it trivially predictable, simila
thing we have experienced before, and without the slightest cha
analogy, consider the game tic-tac-toe. Young children find i
fascinating, because it has many features that contribute to i
their level of cognitive ability: It has clearly defined rules that ar
can easily articulate; it has an element of surprise in that the pla
knows for sure exactly what her opponent will do next; t
dynamic, in that one’s own next move is influenced by what o
nent did; when the game will end, who will win, or whether it
draw is undetermined, yet there is an outer limit of nine mos
indeterminacy leads to tension and expectations, and the tension
released when the game is over.

As the child develops increasing cognitive sophistication, s
ally learns strategies—the person who moves second cannot win
a competent player; the best the second player can hope for is
When the sequence of moves and the end point of the game beco
dictable, tic-tac-toe loses its appeal. Of course, adults can still en;
ing the game with children, but we enjoy seeing the pleasure on t
face and we enjoy the process—spread out over several years:
child learning to unlock the mysteries of the game as her brain «

To many adults, Raffi and Barney the Dinosaur are the music:
lents of tic-tac-toe. When music is too predictable, the outcome |
tain, and the “move” from one note or chord to the next cont
element of surprise, we find the music unchallenging and simplistic
music is playing (particularly if you’re engaged with focused a
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your brain is thinking ahead to what the different possibilities for the
next note are, where the music is going, its trajectory, its intended direc-
tion, and its ultimate end point. The composer has to lull us into a state
of trust and security; we have to allow him to take us on a harmonic
journey; he has to give us enough little rewards—completions of
expectations—that we feel a sense of order and a sense of place.

Say you’re hitchhiking from Davis, California, to San Francisco. You
want the person who picks you up to take the normal route, Highway
80. You might be willing to tolerate a few shortcuts, especially if the
driver is friendly, believable, and is up-front about what he’s doing. (“I'm
just going to cut over here on Zamora Road to avoid some construction
on the freeway.”) But if the driver takes you out on back roads with no
explanation, and you reach a point where you no longer see any land-
marks, your sense of safety is sure to be violated. Of course, different
people, with different personality types, react differently to such unantici-
pated journeys, musical or vehicular. Some react with sheer panic (“That
Stravinsky is going to kill me!”) and some react with a sense of adventure

Figure 22.1.

Corpus Callosum
Connects left and

Hippocampus
right hemispheres

Memory for music,
musical experiences,
and contexts

Nucleus Accumbens
Emotional reactions

A dal
to music mygdaia

Emotional
reactions
to music

Cerebellum

Movement such as

foot tapping, dancing, and
playing an instrument.
Also involved in emotional
reactions to music



380 THE JOSSEY-BASS READER ON THE BRAIN AND LEARNIN%

Figure 22.2.
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at the thrill of discovery (“Coltrane is doing something weird he
what the hell, it won’t hurt me to stick around awhile longer, I ca
care of my harmonic self and find my way back to musical rea
have to”). ;
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