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Introduction

Pitch is a fundamental attribute of sound, which has led to extensive research on pitch
processing, categorization, and memory with the goal of elucidating the complex workings
of the auditory system. The phenomenon of absolute pitch (AP), the ability to identify or
produce a specified pitch without external reference, provides a unique opportunity to study
the perception and neural coding of pitch.

Background

Most people have at least some degree of AP, as it is fairly easy to identify a tone as belonging
to the range of a piccolo rather than a tuba. Furthermore, even people with no musical train-
ing are good at remembering and singing the pitch of a favorite song. True AP possessors,
however, can do these tasks with an order of magnitude better accuracy (Figure 1). From
cognitive studies, AP seems to require two separable cognitive components: very narrow
fixed pitch categories and the association of these categories with verbal labels. [4]

For people with AP ability, pitch categories are as fixed and familiar as color categories are
for everyone else. However, this category structure for pitch does not affect their perception
of pitch, only their ability to label. AP possessors and non-possessors have equivalent acuity
and and perceptual thresholds for pitch differences. [3]

AP is not an all-or-none ability; rather, it exists along a continuum. Some people with AP
can label only tones produced by one particular instrument. Others have AP for only a single
tone and fail to show the automatic and rapid identification found in true AP possessors. [3]
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Figure 1: Distributions of pitch-name responses to randomly presented tones, plotted as
distance from correct response.

Key Issues

AP Acquisition

Musical training is essential for AP to manifest itself and most importantly, this training
must happen early in life (Figure 2), which supports the hypothesis of a critical period
during which AP can be acquired [3]. The type of training does have some influence, for
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Figure 2: Data from retrospective reports on age of acquisition of AP, as modeled by a
Gamma function.

much musical training involves teaching of relative pitch, but it cannot account for all of



the variance in the population. In fact, AP ability often develops without explicit tutoring:
mere exposure to tones and their labels can be sufficient. [4]

A fundamental question regarding AP acquisition remains to be answered: which neu-
ral events are responsible for this fairly fixed developmental time course? There are many
neurodevelopmental processes with critical periods, such as language acquisition and the
columnar segregation of neurons in the visual cortex. Understanding the molecular mecha-
nisms that lead to AP acquisition could shed light on neural development in general. [4]

AP and Genetics

Since most people who receive musical training from a young age do not develop AP, early
training can be only part of the story. Two recent findings point to a genetic component.
First, there are significant associations between siblings who demonstrate AP even when
environmental factors are controlled. Second, AP may be differentially distributed across
different human populations. For example, people of Asian descent have a much greater
incidence of AP than those of other backgrounds. Moreover, this higher rate of AP is found
across several Asian ethnicities (Chinese, Korean, and Japanese) that are distinct from one
another culturally and is unrelated to speaking tonal languages. Neither Korean nor Japanese
is a tonal language, and the higher incidence has also been reported among Asian-Americans
who speak only English. [4]

Although these observations support the idea of a genetic component, it is difficult to
control all environmental factors. More rigorous methods and larger samples must be utilized
to identify genetic influences of AP with certainty. [4]

Neural Correlates of AP

The development of structural and functional imaging techniques have enabled researchers to
probe the neural correlates of AP. Anatomically, regions of the right superior temporal cortex
and planum temporale (PT) tend to be smaller in AP possessors than non-possessors. [3]
Early studies using event-related potentials (ERPs) indicated that listeners with AP showed
an absent or reduced electrical scalp component that is thought to index the updating of
working memory. Listeners without AP had a physiological response to a certain pitch
change, indicating that some type of online memory system had been refreshed. AP posses-
sors did not show this response presumably because their memory representations consist of
fixed, absolute values for each pitch. Therefore, pitch representation requires encoding into
working memory but no updating once it’s in memory. [4]

A related phenomenon has been observed using measures of cerebral blood flow (CBF) as
shown in Figure 3, specifically positron emission tomography (PET) and functional magnetic
resonance imaging (fMRI). An area of the right frontal cortex believed to be important for
monitoring pitch information in working memory was more active among musicians lacking
AP than in those with AP. AP possessors apparently used their categorical representation
of tones in such tasks instead of requiring continuous maintenance of a sensory trace. [4]
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Figure 3: Data from a PET study of AP and relative (RP) possessors, who labeled (a) isolated
tones and (b) intervals.

Conversely, a different area of the frontal lobe, the posterior dorsolateral cortex, was
more active in subjects with AP than in control musicians, when listening to tones. This
area is known to be involved in establishing and maintaining conditional associations in
memory. Thus, it is a logical candidate region for the link between a pitch and its label in
AP possessors. Additional support for this idea comes from the finding that the same area
is active in both subjects with AP and those without AP when asked to label pairs of tones
that form musical intervals. [4]

These findings show that working memory and associative learning aspects of AP draw on
neural resources that are reasonably well understood. However, this still does not explain the
component of AP related to fixed pitch categories. Part of the answer to this issue may lie in
the function of subcortical nuclei important for periodicity coding and coincidence detection,
such as the inferior colliculus, which could provide input based on intrinsic oscillations to
the auditory cortex of AP possessors. [4]



Topic Papers

People with absolute pitch process tones without producing a P300

Klein et al. measured the P300 in seven AP possessors and seven non-possessors in response
to auditory and visual stimuli. The P300 is a positive-going component of the ERP, which is
believed to be a manifestation of the processes of maintaining or updating working memory.
It is obtained in the “oddball” procedure in which two discrete stimuli (one frequent and
one rare) are presented in a Bernoulli sequence; the subject counts the rare stimulus, which
elicits a large P300. The control subjects showed standard ERPs in both visual and auditory
modalities. AP subjects, however, showed a small P300 for the rare auditory stimulus but
a normal P300 for the rare visual stimulus. These results suggest that AP possessors have
access to permanent representations of the tones so they do not need to utilize working
memory to fetch and compare representations for novel stimuli. [2]

Functional anatomy of musical processing in listeners with absolute
pitch and relative pitch

Zatorre et al. used structural and functional brain imaging techniques to investigate the
neural basis of AP. Twenty right-handed musically trained volunteers were included in the
study: 10 AP possessors and 10 subjects with good relative pitch (RP) but no AP. PET
was used to measure CBF during the presentation of musical tones to the subjects. Similar
patterns of increased CBF were seen in auditory cortical areas in both groups. The AP
group also demonstrated activation of the left posterior frontal cortex, an area thought to
be related to learning conditional associations. This activity was also observed in non-
AP subjects when they made relative pitch judgments of intervals. Activity within the
right inferior frontal cortex was observed in RP but not in AP subjects during the interval
judgment task, suggesting that AP possessors need not access working memory mechanisms
in this task. MRI measures of cortical volume indicated a larger left PT in the AP group.

[5]

Absolute pitch and planum temporale

In this study by Keenan et al., anatomical MRI was used to measure PT size of a right-handed
group of 27 AP musicians, 27 nonmusicians, and 22 non-AP musicians. The authors hoped
to settle the debate over whether the increased leftward asymmetry seen in AP possessors
was due to an increase in the left PT, a decrease in the right PT, or a redistribution and
reallocation of resources between the two hemispheres. The AP musicians showed greater
leftward asymmetry and smaller right absolute PT size compared to the other two groups.
The increased PT asymmetry of AP musicians was not seen in the group of early beginning
non-AP musicians, suggesting that this asymmetry might be genetically based. [1]



Conclusion

In summary, AP is an ability that involves both higher and lower levels of auditory processing.
Its manifestation is influenced by the interaction of genes and environment. Thus, it is a
neatly packaged phenomenon for studying many aspects of brain function.
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