QUICK STUDY

Infants note the notes
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Perceiving pitch differences requires the brain to process complex sounds. Remarkably,
three-month-old infants with immature brains can hear a wrong note in the children’s song

“Twinkle, Twinkle, Little Star.”

itches are the musical ingredients used for cooking up

a good melody. Scientists have long known that pitch

is important, not just for perceiving music but also for

understanding speech and hearing in noisy environ-

ments. But we are still debating how the brain encodes

pitch. Neuroimaging studies show activation of the
auditory cortex when pitches are presented to adults, so that
region of the brain would appear to be involved in pitch pro-
cessing. Babies do not have a fully developed auditory cortex,
but our group’s work at the University of Washington shows
that they can nonetheless perceive pitch.

Tones without fundamentals

When an instrument plays a note, it produces a complex sound
wave made up of multiple harmonics. The lowest harmonic, or
fundamental frequency, carries the pitch, and the harmonic
composition determines the note’s timbre. Timbre is the quality
that makes a trumpet sound different from a violin.

In our most recent experiment, we tested three-month-old,
seven-month-old, and adult participants to see if they could
discern a wrong note in the melody of “Twinkle, Twinkle, Little
Star” (see figure 1). One of the biggest challenges in such work
is to tease out whether a participant is responding to pitch or
other spectral cues, such as the frequency near which spectral
energy is concentrated. To help ensure that our participants
were indeed responding to pitch, we exploited a classic phe-
nomenon: perception of the missing fundamental. For each tone
we played, we filtered out the frequency component that cor-
responds to its pitch—that is, the fundamental frequency.

You might think that listeners would not perceive pitch in
a tone missing its fundamental frequency. But that is not the
case, as you can confirm for yourself at, for example, the Au-
ditory Neuroscience webpage www.auditoryneuroscience.com
/?q=topics/missing-fundamental. In fact, you effortlessly hear
missing fundamental pitch every day. For instance, when lis-
tening to someone on the telephone, you can hear the pitch
of their voice even though the fundamental frequency is not
transmitted. In our melody-discrimination experiment and in
earlier work, we used stimuli with missing fundamentals to
test whether the infant brain can integrate information from
the higher harmonics to produce a perception of pitch (see
PHYSICS TODAY, October 2014, page 18). If the infants were re-
sponding on the basis of the tones’ spectral components, they
would not succeed at their experimental task.

Even though we used tones with missing fundamentals, it
is still conceivable that participants were responding to timbre.
We therefore randomly varied the timbre for each note. That
made the melodies sound as if a different instrument played
each one, but it did not alter the pitch of any of them. Therefore,
the pitch contour of the melody remained the same. Because of
those constantly occurring timbre variations, if participants were
responding to timbre rather than pitch, they would get con-
fused —a phenomenon we in fact saw with some adult listeners.

Babies perceive relative pitch

Infants, of course, can't tell us what they hear, so in our exper-
iment, we assessed auditory perception by observing partici-
pants’ responses to the sounds they heard. During testing, in-
fants sat on a caregiver’s lap and, as shown
in figure 2a, an assistant manipulated toys

to keep the infant attentive and facing

in the appropriate direction. At the begin-

ning of our hour-long experimental ses-
sions, we repeatedly played the first seven
notes of the melody “Twinkle, Twinkle,

Little Star.” To ensure there were no

rhythmic cues, we made all the notes the
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FIGURE 1. TEST TUNES. In our experiment on melody discrimination, adult and infant
participants repeatedly listened to the first few notes of the tune “Twinkle, Twinkle, Little
Star”They learned to respond when they heard the “change melody” with the wrong note
shown in the red box. We presented many timbre variations so that timbre would not be a

reliable cue for the discrimination task.

same duration, 650 ms long, and we al-
ways placed a 500 ms pause between suc-
cessive notes.

The participants” task in the experi-
mental trials was to listen for a “change
melody” that contained a wrong note.
During an initial conditioning phase, the
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change melody was always followed by
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FIGURE 2. BABIES IN A BOOTH. Infants participating in our experiment sat on a caregiver’s lap inside a sound-attenuated booth. (a) An
assistant made sure the infant was attentive and facing in the appropriate direction. The infant heard sound through an insert ear tip, but
no one else heard what the infant was listening to—the caregiver listened to music and the assistant was receiving instructions from an
experimenter who was outside the booth. The experimenter judged whether the infant was presented an altered melody by observing his or
her behavior. Common infant responses included head turns or eye darts toward a mechanical animal (b) that had previously been used in
a conditioning phase. Adult participants sat alone in the booth. Since infants were not given verbal instructions, the adults got only vague
instructions to “raise their hand when they heard the sound change that turns the toys on.” Otherwise, infant and adult testing was the same.

the activation of a mechanical toy (see figure 2b). That phase was
concluded once the experimenter could reliably decide, based
on observations of the participant’s behavior, whether a change
melody had been played. After completing the conditioning
phase, the participants moved on to a test phase in which the
toys were activated only when the experimenter correctly de-
termined that a change melody had occurred. In this phase, the
toys served as reinforcers to keep the participants responding.

Melodies are built from pitches, and it is possible to listen
to a melody and attend to just the absolute pitch cues—the fun-
damental of each note, independent of the other notes. But
what really makes a melody is the pitch relations between its
notes. After all, when your hear a melody transposed into a dif-
ferent musical key, you still recognize it even though the ab-
solute pitch of the notes has changed. Melody discrimination
requires you to attend to the relative pitch cues that convey the
pitch contour.

Past studies had shown that babies can respond to absolute
or relative pitch cues depending on the task they are given, so
we tested our participants in two ways. In the first set of tests,
we always presented “Twinkle, Twinkle, Little Star” in the
same key —that is, the pitches stayed the same. In that case, par-
ticipants had access to both absolute and relative pitch cues. In
the second set, we transposed the tune into two additional
keys. Each melody presented was randomly selected from one
of the three transpositions so that the absolute pitch cues were
no longer useful. In both cases, babies were able to discriminate
the melodies. In particular, their success in the second set of tri-
als shows that they can use relative pitch cues to extract the
melodic contour.

Timbre confusion—it’s an adult thing

Babies learned to associate a wrong note with an activated toy
more readily than adults. Most of the infants passed the con-

ditioning phase of our experiment on their first attempt. Many
of the adult participants required additional repetitions of the
conditioning phase to learn the task, and some couldn’t learn
it at all. In the presence of constant timbre change, it appears,
some adults have difficulty isolating a changed note and asso-
ciating it with a reinforcer. Previous studies, including work
from our own lab, had also found that adults have difficulty
responding to pitch amidst timbre variation. We do not yet un-
derstand why such timbre confusion does not affect infants.

Our study indicates that by three months, babies can inte-
grate information from higher harmonics to form a perception
of pitch and use it to discriminate musical melodies such as
“Twinkle, Twinkle, Little Star” from a change melody with one
note altered. The ability of three-month-old infants to perceive
pitch suggests that subcortical processing without the involve-
ment of the auditory cortex may be sufficient to encode pitch
in the developing auditory system. And now that we know that
normal-hearing infants can utilize pitch from such a young age,
we may be able to more reliably diagnose infants with im-
paired pitch perception.
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