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chromas. From a neurophysiological perspective, the rarity of absolute pitch
presents a puzzle. After all, the cochlea of the ear and the auditory cortex
share what we call a ‘tonotopic’ representation of pitch (see chapter 3), which
is chroma-specific, similar to a piano. By contrast, we do not have evidence
for brain regions that are devoted to specific musical intervals (relative pitch).
Why, then, is absolute pitch so rare?

One view, which has received increasing support, is that through the course
of development, relative pitch increasingly ‘takes over’ in humans. Consider
the typical musical environment for a human. We usually hear common songs
repeatedly such as ‘Happy Birthday’ sung by different people and in different
keys. In order to learn such culturally significant melodies, the listener must
recognize similarity across instances based on relative information when
absolute information (the constituent pitches) varies. Neuroscientific data
suggest that the brains of absolute pitch possessors process pitch differently
than do other brains. With respect to anatomy, musicians with absolute pitch
have an asymmetry between the left and right hemispheres that prioritizes the
left hemisphere. This asymmetry is found in an auditory association area
known as the planum temporale, positioned towards the rear (posterior) of
the temporal lobe (Schlaug, Jincke, Huang, & Steinmetz, 1995). This finding
is consistent with other research suggesting that the lateralization (that is, the
degree to which a neural function is exclusive to the left or right hemisphere)
ol musical pitch varies with training.

We may infer from lesion/function deficit studies that the processing of
musical pitch is predominantly a right-hemisphere activity. Since we know
that pure pitch identification is a function of the primary auditory cortex, it
is not surprising that damage to this region results in loss of simple pitch
identification. However, whereas for most people musical pitch is processed
predominantly in the right hemisphere, with the left dominant for language,
trained musicians can show left dominance also for music (Bever & Chiarello,
1974). Thus the left hemisphere may be dominant for auditory processing
that involves the application of internalized categories, such as absolute
pitch. Yet another, more recent proposal is that the right hemisphere is opti-
mized for analyzing the spectrum of a sound (which yields its pitch, see
chapter 2), whereas the left hemisphere is optimized for perceiving rapid
temporal fluctuations (common in speech; Zatorre, 2003).

Key

One of the most striking characteristics of musical pitch processing is the
tendency to categorize pitch with respect to the surrounding tonal context
(Krumhansl, 1990). In fact, there seem to be specific regions that serve the
recognition of the sequences of notes that make up a scale. A recent study
using MR attempted to identify brain regions responsible for detecting when
a single tone ‘pops out’ based on its divergence from a tonal context (Janata,
Birk, van Horn, Leman, Tillmann, & Bharucha, 2002). The researchers
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simply inserted tones that did not belong to the key, such as an F§ in the key
of C major. The study found consistent activation in the superior temporal
gyrus (see Figure 4.2) - an area of general importance for pitch perception
(Peretz & Zatorre, 2005), more so for the right than left hemisphere. However,
the main focus of the authors was on what part of the brain ‘tracks’ changes
in tonality, which they emphasized as being the rostromedial prefrontal cor-
tex —an area just behind the center of one’s forehead.

Other research concerning the way in which tonality makes certain pitches
‘stand out’ from the rest has applied the ERP technique. This research has
revealed changes in electrical responses when a pitch does not match the
overarching scale context. Interestingly, more recent work has shown that the
brain responds to out-of-tune notes (which do not require a sense of scale,
but only require an understanding of basic pitch categories) more quickly
than unexpected notes that are appropriately tuned (Brattico, Tervaniemi,
Nédtinen, & Peretz, 2006). This finding suggests that the interpretation
of pitch within a musical scale may constitute a higher-level cognitive task
relative to detecting a mistuned note.

Sequential velationships

It is possible that particular neural processes are reserved for perceiving and/
or remembering a pitch sequence as an integrated whole and for registering
deviations from this. Much of the case study research reported by Isabelle
Peretz and colleagues addresses this issue. In the paradigms used by this
group, participants are typically presented with melodic sequences in pairs, in
which the second sequence is identical to the first with the exception of one
note, which may be altered in pitch or duration. Findings from this research
suggest that damage to the right temporal lobe selectively disrupts the ability
(o detect deviations in melodic contour (Liégois-Chauvel, Peretz, Babai,
Laguitton, & Chauval, 1998; Peretz, 1990). Similarly, imaging techniques
suggest a separation in the regions where melodies are recognized by overall
pitch contour and where they are recognized by sequences of specific interval
relations alone. The former tends to be dependent on a right-hemisphere act-
ivity, while the latter seems to involve regions in both hemispheres (Peretz &
Zatorre, 2005). Peretz (1990) interpreted this finding as supportive of the view
that the right hemisphere is involved in more ‘holistic’ processing whereas the
lelt hemisphere is specialized for finer details.

Integration

As we opened the chapter with a case study, we conclude our discussion in a
similur fashion, The case of Rachael Y., described by neurologist Oliver Sacks
(2007), serves us a poignunt example of the importance of our ability to
integrate rich musicnl works into Gestalt wholes, an ability most of us take
for granted. Rachael Y., waw un uccomplished middle-aged composer and
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performer when she suffered severe injuries to the head and spine following a
serious car accident. (The locations of the injuries were not specified in
Sacks’s account.) Upon recovering from a coma that lasted several weeks, she
found most abilities such as speech to be intact, but noticed a change in her
perception of music. She described her experience of the first piece she heard
following her recovery from the coma (Beethoven’s opus 131):

When the music arrived, I listened to the first solo phrase of the first
violin again and again, not really being able to connect its two parts.
When I listened to the rest of the movement, I heard four separate voices,
four thin, sharp laser beams, beaming to four different directions. Today,
almost eight years after the accident, I still hear the four laser beams
equally . . . and when I listen to an orchestra I hear twenty intense laser
voices. It is extremely difficult to integrate all these different voices into
some entity that makes sense. (p. 113)

As we have discussed, melody is not perceived in isolation. It does not only
require the perception of a horizontal sequence, but the complex interweav-
ing of all the parts including the vertical axis (harmony). Having lost the
basic ability to integrate the many rich parts of music into a coherent whole,
Rachael Y. experienced music as quite unpleasant and chaotic, requiring ‘a
great cognitive effort to hold the strands together’ (p- 116).

Coda

In many ways, the perception of melody is central to our experience of music.
GL’s case illustrates the dramatic loss of ability to recognize the storehouse
of tunes we accumulate throughout our lives. Without the ability to con-
ceptualize tone sequences as gestalts, and to hear the tones as part of a
coherent tonal system, music becomes meaningless. At the same time, you
may have noticed that the term ‘melody’ in this discussion has almost
exclusively referred to pitch. It is common for those in music cognition to use
the term melody in a way that excludes rhythm. The assumption here is
that rhythmic relationships contribute independently to musical experience.
But do they? We consider this, and other issues related to rhythm, in chapter 6.

Notes

1 See also Satoh, Takeda, and Kuzuhara (2007).

2 This anecdote exists in various versions and is attributed to many different com-
posers, including Mozart. The authors were unable to find a reliable print source
and assume the often-told tale to be apocryphal!

3 DeWitt and Samuel’s (1990) extensive paper reports a series of five experiments
(four using melody lines and one employing chords). The findings of the five studies
taken as o whole are more complex than reported here, and the interested reader is
referrad to the original puper for more detail.
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4 Not all part.icipants heard exactly the same percept. Several examples of how
the pattern is perceived are shown in the liner notes to Deutsch’s (1995) CD.
Some participants hear only a single pitch (same pitch ‘heard’ in both ears) so that
two tones are not even perceived. Despite some variation in responses, none of the
reports correspond to the actual notes played in each ear.

5 As might be expected, responses to probe tones are highly related to the key
suggested by the preceding context, and responses are more distinct for keys that
are more distant according to the circle of fifths (see Figure 5.4). For instance, the
response to an F# probe tone is much higher (indicating greater stability) after
hearing a context in the key of F# than the key of C. Along with Mark Schmuckler;
Krumhansl devised a mathematical algorithm that can be used to determine a;
!1stener’s perception of key by using responses to a series of probe tones (described
in Krumhansl, 1990, Chapter 4). This algorithm has been highly reliable and is used
often in the literature (see e.g., Temperley, 2001).



