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Musical imagery

Sound of silence
activates auditory cortex

uditory imagery occurs when one

mentally rehearses telephone numbers

or has a song ‘on the brain’ — it is the
subjective experience of hearing in the
absence of auditory stimulation, and is use-
ful for investigating aspects of human cog-
nition'. Here we use functional magnetic
resonance imaging to identify and charac-
terize the neural substrates that support
unprompted auditory imagery and find
that auditory and visual imagery seem to
obey similar basic neural principles.

The few studies that have examined the
topic of auditory imagery”~ have focused on
the neural substrates of directed imagery (for
example, “imagine a tone”). What is not
known, however, is whether similar principles
guide the more pervasive and spontaneous
forms of imagery that punctuate everyday
life. We used functional magnetic resonance
imaging to investigate the recruitment of
auditory cortex during spontaneous auditory
imagery of excerpts of popular music.

During scanning, subjects passively lis-
tened to excerpts of songs with lyrics (for
example, Satisfaction by the Rolling Stones)
and to instrumentals that contained no lyrics
(for example, the theme from The Pink Pan-
ther). Each piece of music was pre-rated by
subjects as either familiar or unknown, and a
unique soundtrack was created for each indi-
vidual. Short sections of music (lasting for

2-5s) were extracted at different points dur-
ing the soundtrack and replaced with silent
gaps. We then monitored the neural activity
in subjects that occurred during these gaps.
(For details of methods, see supplementary
information.)

Brain activity in the primary auditory
cortex and in the auditory association cortex
(Brodmann’s area 22) (Fig. la) was com-
pared during gaps of silence in familiar and
unknown songs. The results revealed a func-
tional dissociation within the left auditory
cortex (region X music-type interaction:
F[1,14] = 48.92, P<0.0001; Fig. 1b). Silent
gaps embedded in familiar songs induced
greater activation in auditory association
areas than did silent gaps embedded in
unknown songs (Fig. 1b); thiswas true for gaps
in songs with lyrics (F[1,14] = 5.46, P<0.05;
Fig. 1¢) and without lyrics (F[1,14] = 11.56,
P<0.005; Fig. 1d). Moreover, when familiar
songs contained no lyrics, cortical activity
extended into the left primary auditory
cortex (F[1,14] = 22.55, P< 0.0005; Fig. 1d).

We confirmed that these effects were
uniquely attributable to the gaps of silence in
the music, rather than simply the result of
differences in activation in response to hear-
ing different music categories. By contrast
with the gap responses, listening to unknown
songs produced greater activity in auditory
association areas than did familiar songs
(lyrics: F[1,14] =11.24, P<0.005; instru-
mentals: F[1,14] =31.74, P<0.0001), and
activity in the primary auditory cortex
did not differ as a function of familiarity
(see supplementary information).
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Figure 1 Auditory cortex activation during silent gaps in music. a, An inflated rendering of the left hemisphere?® illustrates primary auditory
cortex (PAC; red) and auditory association cortex, also known as Brodmann’s area 22 (green). The superior temporal sulcus (STS) and
inferior temporal sulcus (ITS) are indicated for reference. b, Signal change (arbitrary units) in PAC (red) and Brodmann’s area 22 (green)
during gaps in familiar songs with lyrics (FL), familiar instrumentals (Fl), unknown songs with lyrics (UL) and unknown instrumentals (Ul).
Error bars denote s.e.m. ¢, d, Difference in activity, which is greater for familiar songs, during silent gaps embedded in songs with (¢) and
without (d) lyrics, projected on to flattened views of the left temporal lobe. Dark-grey regions represent sulci; lighter grey regions denote gyri.
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Our findings offer a neural basis for the
spontaneous and sometimes vexing experi-
ence of hearing a familiar melody in one’s
head. Whereas previous investigations have
explicitly directed subjects to imagine a
specific auditory experience”™, we provided
no instruction. Instead, simply muting
short gaps of familiar music was sufficient to
trigger auditory imagery — a finding that
indicates the obligatory nature of this phe-
nomenon. Corroborating this observation,
all subjects reported subjectively hearing
a continuation of the familiar songs, but not
of the unfamiliar songs, during the gaps in
the music.

We note also that the extent of neural
activity in the primary auditory cortex was
determined by the linguistic features of
the imagined experience. When semantic
knowledge (that is, lyrics) could be used to
generate the missing information, recon-
struction terminated in auditory association
areas. When this meaning-based route to
reconstruction was unavailable (as in instru-
mentals), activity extended to lower-level
regions of the auditory cortex, most notably
the primary auditory cortex (Fig. 1b,d).

These findings parallel those in the
domain of visual imagery. For example, visual
imagery elicited when considering names of
objects (known as figural imagery) does not
rely on the primary visual cortex®’. As these
‘low-resolution’ images do not demand fine-
grained perceptual processing, activity in
visual-association areas is sufficient to
reconstruct the relevant representation. By
contrast, when semantic information is
absent or irrelevant (known as depictive
imagery), a ‘high-resolution’ perceptual
image is needed to reconstruct a representa-
tion, hence activity extends into the primary
visual cortex®. Our results provide evidence
that auditory imagery obeys the same basic
neural principles.
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