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perfornqance and perception draw on the same neural resources. Rece
neuroscience research has revealed so-called mirror neurons that.ma ‘t])lt
responsible for the mental simulation of action (see neuroscience Segci .
f1_'0r.n chapter 10). According to this view, auditory feedback that prf:sents0 1
similar, thqug}.l displaced, sequence to the one a musician is trying to perfor .
may be activating mirror neurons at the wrong time, leading to the generati .
of inappropriately timed action plans. 2
Many remaining questions exist regarding the use of feedback in perform-
ance. B§search to date is largely limited to audition, as opposed to othe
modalities such as vision and touch, and to feedback from oneself rath :
than from others. The situation is beginning to change. For instance. receflz
.research .has investigated the effect of performing with an ensemble i1:1 which
information from other ensemble members is delayed (Bartlette, Headlam
Bocko, & V_eIikic, 2006), and the effect of singing in a chorus x’vhen othe;'
parts are mlsmatched relative to one’s own (Fine, Berry, & Rosner, 2006)
Both studies document disruptive effects comparable toa those fou;ld witl;
Self-ﬂ‘:edback. Finally, we should not forget the audience, who can be a sub-
stantial source of feedback. The social psychological aspects of the presence
of an audience are discussed in chapter 12. From a performance point of
view, any performer knows that when there is a large and responsive audience
the eff_ect on one’s performance ¢can be profoundly enhancing, and that the:
opposite can occur for small or disinterested audiences. There ,is much ro
for future research on this important topic. i

Music performance and the brain

In the previous chapter, we reviewed research from the field of cognitive
neuroscience on changes in the brain brought about by the practice of music
Here we focus on research concerning the performer ‘as is.” It is worth notin, :
at the outset ‘that many of the areas discussed below are active even when 0n§
srmply imagines music (Halpern, 2003); thus the neural ‘performance’ of
music may be central to musical experience in general.

Qne glllmpse into the way that the brain coordinates various activities
during piano performance was given by Sergent and colleagues (Sergent
Zuck, TCII‘I“lah, & MacDonald, 1992). In that study, pianists sight—reaci
an unfamiliar piece by Bach while their brain activity was measured usin
PET.‘ Results sypported the idea that brain centers related to motor controlg
hearmg, a_nd vision, all contribute to sight-reading ability. However, musicai
s1ght-readn.1g also elicited activation in the parietal lobe — specia]ize,d for the
Ponceptuallzation of spatial relationships — which does not figure into read-
ing of ,text. This study was also the first of many studies revealing activation in
Broca’s area, initially thought reserved for speech production (see Figure 4.2)

Recent evidence suggests that brain activity during the playing of mlisié
!‘rom long_-ter.rn memory may differ somewhat from sight-reading. In part-
icular, activation in the vicinity of Broca’s area was absent during t};e playing
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of a Bach concerto from memory (Parsons et al., 2005). Such frontal activa-
tions may therefore be important when a person assembles a motor plan
‘on the fly’ or with little preparation (as is typically the case during speech),
but is not necessary for the reproduction of well-learned sequences. In
addition, Parsons and colleagues found that much of the prefrontal cortex
was deactivated during performance from memory. This finding may seem
counter-intuitive, given that the frontal lobe is often associated with chal-
lenging mental tasks that incorporate working memory. The authors sug-
gested that such ‘higher’ functions may actually distract a performer and that
when performing from memory one must “turn off’ this kind of conscious
thought. Interestingly, a similar deactivation was later found during impro-
yised jazz performances on the piano (Limb & Braun, 2008). Moreover, it is
important not to interpret such neural deactivations as evidence that the
brain is somehow ‘turned off’ during a performance. Recent evidence using
ERP methods shows rapid fluctuations in brain activity that occur before the
performer actually makes an error (Maidhof, Rieger, Prinz, & Koelsch, 2009;
Ruiz, Jabusch, & Altenmiiller, 2009). Thus, not only do performers engage in
serror monitoring,” they are able to predict the outcomes of their actions even
before those outcomes occur!

One problem with studying piano performance is that it limits the popula-
tion one can use. Not everyone can play the piano. However, everyone can
sing, though not with equal accuracy. Other research on performance has
addressed the neural bases of singing. Perhaps the earliest neuroimaging
study of singing was reported by Perry and colleagues (1999), in which they
contrasted brain activity during the singing of single pitches with brain activ-
ity while listening to pitch sequences. For the most part, singing was associ-
ated with activation in brain regions like those used for speech, although
singing appeared to involve more right-lateralized activation in the ventral
motor region (Figure 4.2 highlights the left motor region). One finding of
particular interest was that increased auditory activations were found dur-
ing singing, as opposed to perception, suggesting that the use of sound for
auditory feedback enhances sensitivity to the input. Another study of singing
addressed the issue of sequence complexity, and included singing of mono-
tonic as well as more complex sequences (Brown, Martinez, Hodges, Fox,
& Parsons, 2004). All tasks involved activations in Broca’s area, similar
to research discussed earlier. In addition, more complex singing tasks were
selectively associated with activation in the planum polare, mentioned in
chapter 4.

Because the study of singing includes a vast population, it opens the possi-
bility of exploring to what degree characteristics of music performance exist
independent of training. First, the use of motor imagery may not be limited
to expert musicians. It seems as though imagining a melody may constitute
‘playing’ the tune in your brain! In the 1990s, neuroimaging research followed
the lead of groundbreaking research in visual imagery to explore whether
brain regions involved in imagery matched those used in perception. In
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general, there is much overlap (see Halpern, 2003 for a review). As might be
expected, the auditory cortex (right-lateralized for melodies that are not
associated with lyrics) is active for both tasks. Unexpectedly, both tasks also
activated the supplementary motor area (just anterior to the motor cortex
shown in Figure 4.2), suggesting that people sing or (in the absence of lyrics)
hum a tune in their brain when they imagine or hear it. Other recent research
suggests that imagined speaking and singing both harness a shared brain area
in the vicinity of the planum temporale; this area has been dubbed ‘area
SPT’ denoting the Sylvian-parietal-temporal junction (Hicock, Buchsbaum,
Humphries, & Muftuler, 2003). Interestingly, area SPT is left-lateralized,
suggesting a music-language link.

We now turn to the issue, mentioned earlier, of individuals who have
difficulty singing in tune. It appears that the brains of ‘tone-deaf” people are
structured and function differently from the brains of musically ‘normal’
persons. Structurally, the brains of congenital amusics differ from controls
in the distribution of white and gray matter in the pars orbitalis region of
the right frontal cortex (see Figure 4.2), those with congenital amusia have
proportionally less white matter (Hyde, Zatorre, Griffiths, Lerch, & Peretz,
2006) and more gray matter (Hyde, Lerch, Zatorre, Griffiths, Evans, & Peretz,
2007). White matter comprises neurons that are coated with a myelin sheath,
which helps neural signals propagate more rapidly. White matter thus usually
serves a kind of ‘relay’ function for information in the brain; most of the
‘thinking’ in the brain is served by unmyelinated gray matter, Perhaps signifi-
cantly, this area is near Broca’s area and has been linked to the perception of
melodic organization (Levitin & Menon, 2003; see chapter 4). Amusics also
respond abnormally to pitch changes, as revealed in a recent ERP study,
suggesting that although they may not be fully ‘tone deaf’ there is neverthe-
less some problem of ‘tone’ (Peretz, Battico, & Tervaniemi, 2005), Congenital
amusics show greater response to large pitch changes (which amusics can
detect) than controls, but smaller responses to small pitch changes (which
amusics have trouble detecting).

Coda

The psychology of music performance is a complex and fascinating topic.
The performer must coordinate many cognitive, perceptual, and motor func-
tions including planning, execution, the use of feedback, and on-line adjust-
ments of planning. Furthermore, performers expressively deviate from what
might be considered a ‘typical’ performance in order to ‘breathe life’ into
music. Performance is thus a compelling area from both a cognitive and an
aesthetic perspective. Musical performance can also be studied from many
other viewpoints, and the chapters that follow will examine performance in
social context, as well as exploring its philosophical, emotional, and cultural
significance.

Part IV

The meaning and
significance of music




