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Several reports have indicated a higher incidence of absolute pitch
in blind than in sightedmusicians. Employing a pitch memory task,
we examined whether a blind absolute pitch musician would rely
ondi¡erentneural correlates than a group of sighted absolutepitch
musicians.The blindmusician showed signi¢cantlymore activation
of bihemispheric visual association areas, lingualgyrus, parietal and
frontal areas than the sightedmusicians. Sightedmusicians showed

more activation of the rightprimary auditory cortex and the cere-
bellumwhen compared with the blind musician.These di¡erences
in the activation pattern suggest the use of a di¡erent neural
network including visual association areas while performing pitch
categorization and identi¢cation in this blind musician in com-
parison with sightedmusicians. NeuroReport17:1853^1857�c 2006
LippincottWilliams &Wilkins.
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Introduction
Blind individuals show not only superior abilities in the
auditory domain (e.g. [1–3]) and alterations in the functional
anatomy for a variety of auditory tasks (e.g. [4,5]), but also a
higher incidence of absolute pitch [6]. Absolute pitch has
been defined as the ability to identify a particular pitch of
the Western musical scale without any external reference
tone (e.g. [7,8]). This ability is present only in a minority of
trained musicians and seems to be strongly related to an
early age of commencement of musical training [9,10].
Nevertheless, even in those who start musical training early,
the ability is very rare, which suggests additional factors,
such as unique neural correlates and/or genetic determi-
nants that might facilitate acquisition of absolute pitch early
in life. Given the low incidence of absolute pitch in the
sighted musician population, investigating the possible
factors that might lead to a higher incidence in blind
musicians is of particular interest.

So far only one study assessed possible differences in the
functional anatomy of an auditory task in a blind musician
with absolute pitch in a region-specific comparison with a
group of sighted musicians [11]. Participants in this study
performed a ‘moveable do’ solfeggio task, which is familiar
to most musicians and can be performed by musicians with
and without absolute pitch. Results showed an additional
recruitment of visual and parietal areas in the blind
musician with absolute pitch in comparison with the
sighted group. These authors suggested that the investi-
gated blind individual may have recruited additional
‘visual’ cortical areas for musical processing in response to
deprivation of a major sensory modality, resulting in a
remarkable musical aptitude. Nevertheless, it remains
unclear whether this result is specific for a musical task

that has a strong relationship with the absolute pitch skill
itself or whether the involvement of visual areas can also be
observed in tasks that do not necessarily require absolute
pitch ability.

The goal of this study was to assess the shared and
distinct neural correlates of absolute pitch using a classic
pitch memory task and a silent scanning design (e.g. [12])
comparing a blind absolute pitch musician with a group
of sighted absolute pitch musicians on a voxel-by-voxel
comparison.

Materials and methods
Participants
One blind and nine sighted male musicians with absolute
pitch participated in the study. The sighted participants’
mean age was 23.2 years (SD 2.4) and they started their
musical training at an average of 7.8 (SD 3.1) years. The
blind individual was 28 years old and was diagnosed with
Leber’s congenital amaurosis in 1998. He gradually became
blind starting from the age of 7 and turned completely blind
at the age of 13 with remaining minor light perception. He
started playing an instrument at 8 years of age, completed
conservatory for piano and guitar and has a university
degree in composition.

All individuals were strongly right handed according to a
standard handedness questionnaire [13]. This study was
approved by the institutional review board of the Beth Israel
Deaconess Medical Center.

Determination of absolute pitch ability
A standard method [10] was used to test the participants’
absolute pitch ability. Participants were asked to name 52
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sine wave tones. According to the definition of absolute
pitch [7,8], no reference tones or feedback about their
performance was given to the participants at any time.
Participants were instructed to press a button as soon as
they knew the name of the given tone. In accordance with
previous studies (e.g. [7]), we regarded discrepancies of one
semitone lower or higher than the actual presented tone as a
correct answer. Only participants who performed more than
90% correct were regarded as musicians with absolute pitch.
The blind musician also performed within that range.

Functional magnetic resonance imaging task design
(Fig. 1a)
All participants performed a pitch memory task, which was
contrasted with a motor control task. During the pitch
memory task, participants were instructed to listen to a
sequence of individual sine wave tones (either 6 or 7) with a
total duration of 4.6 s for each sequence. Participants were
asked to compare either the last or the second to last tone to
the first tone, and were asked to decide whether these tones
were the ‘same’ or ‘different’ (Fig. 1a) [14]. The total number
of tones per sequence (6 or 7) and the comparison to be
made (‘second to last’, or ‘very last’ tone with first tone)
varied across sequences. Target tones corresponded to the
frequencies of semitones in the western musical scale (based
on A¼ 440 Hz) and ranged in frequency from 330 Hz (D E4)
to 622 Hz (D E5). The intervening microtones, whose pur-
pose was solely to serve as distractors (modeled after [15]),
deviated from the 12 tones of the equal tempered system.

Each tone was 300 ms long with an attack and decay rate of
50 ms and a pause of 300 ms between the tones.

Sighted individuals had to compare either the last or the
second to last tone depending on a visual prompt ‘second
last’ or ‘very last’ to the first tone and we asked individuals
to decide whether these tones were the same or different
(Fig. 1). The blind individual received a tactile prompt
(one tap for ‘very last’ or two taps for ‘second to last’ on the
left or right leg) for the pitch memory task. The sequence
length was kept constant for the six and seven tone
sequences by introducing a short pause before the first tone
for the six tone sequences. Sighted musicians were asked to
keep their eyes open and fixate a cross in the middle of the
screen that was only interrupted for the visual prompt. The
motor control task was a rest condition with eye fixation.
Participants were asked to press a button depending on a
short visual or tactile prompt (‘right’ or ‘left’; Fig. 1). The
behavioral performance during the functional magnetic
resonance imaging (fMRI) session was calculated as correct
responses (%).

Functional magnetic resonance imaging scanning
FMRI was performed on a Siemens Vision (Siemens,
Erlangen, Germany) 1.5 T whole-body magnetic resonance
imaging scanner using the standard head coil. A gradient-
echo echoplanar imaging sequence with an effective repeti-
tion time of 17 s, an echo time of 50 ms and a matrix of
64� 64 was used. Using a midsagittal scout image, a total
of 24 axial slices (4� 4� 6 mm3 voxel size) – parallel to the
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Fig.1 (a) Experimental task for sighted andblindmusicians. (b) Experimental scanningparadigm (modi¢ed from [14], with permission fromElsevier).The
gap between the end of the auditory stimulation and the beginning of the image acquisition was jittered to obtain a large portion of the hemodynamic
response function.

18 54 Vol 17 No 18 18 December 2006

NEUROREPORT GAAB ETAL.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



bi-commissural plane – were acquired over 2.75 s, each 17 s.
Initiation of the first set of 24 slices was triggered by a
transistor–transistor logic pulse from a PC and all subse-
quent magnetic resonance acquisitions were synchronized
with stimulus presentation. A high-resolution T1-weighted
scan (1 mm3 voxel size) was acquired for anatomical
coregistration. We used a variation of a sparse temporal
sampling technique ([12], Fig. 1b) acquiring one set of 24
axial slices every 17 s to circumvent the scanner noise
interferences.

Functional magnetic resonance imaging data analysis
FMRI data were analyzed using the SPM99 software
package (Institute of Neurology, London, UK). Each set of
axial images for each participant was realigned to the first
image, coregistered with the corresponding T1-weighted
data set, spatially normalized to the SPM99 template and
smoothed with an isotropic Gaussian kernel of 8 mm.
Condition and participants’ effects were estimated using a
general linear model [16]. The effect of global differences in
scan intensity was removed by scaling each scan in
proportion to its global intensity. Low-frequency drifts were
removed using a temporal high-pass filter (cutoff 200 s). As
we employed a sparse temporal sampling design, we did
not convolve our data with the hemodynamic response
function and we did not apply a low-pass filter. We used a
fixed-effects model for all 10 participants together, and
group analyses were performed by directly contrasting the
appropriate scans within the fixed-effects model but
weighting the blind musician appropriately in the contrast
manager (nine times higher than each of the sighted
musicians). All results are reported for the contrast pitch
memory 4 motor control. All reported coordinates are
Montreal Neurological Institute coordinates.

Results
Mean activation in sighted musicians (FDR-corrected,
Poo0.05)
This group analysis revealed activation of the bilateral
superior temporal gyrus (�64/�22/4; 66/�14/4), bilateral
inferior frontal gyrus (�52/12/24; 52/14/�14), bilateral
cerebellum (�38/�68/�26; 30/�72/�26), anterior cingu-
late (2/26/36), bilateral middle frontal gyrus (�46/46/�8;
30/52/�12), bilateral inferior parietal regions (�40/�56/
54; 48/�50/56) and cuneus (0/�84/14).

Activation in the blind musician (FDR-corrected, Poo0.05)
Regions activated for the blind musician included the
bilateral middle occipital gyrus (�34/�78/�16; 28/�84/
�16), bilateral inferior/superior parietal lobe (�32/�54/
64; 28/�68/54), bilateral inferior frontal gyrus (�52/10/28;
54/4/34), left middle frontal gyrus (�48/2/46; 50/�2/46),
right angular gyrus (38/�80/28), bilateral superior temp-
oral gyrus (�64/44/6; 66/�22/8), left cuneus (�8/�94/2),
left middle frontal gyrus (�40/46/18), right middle tempor-
al gyrus (64/�38/2), bilateral precuneus (left: �24/�72/50
and right: 12/�94/0), posterior cingulate (2/�46/6), left
inferior temporal gyrus (�50/�68/�2), left lingual gyrus
(�18/�84/�16), left cerebellum (�40/�48/�30) and right
medial frontal gyrus (4/�4/60).

Activation in the blind compared with the sighted
participants (FDR-corrected, Poo0.05)
This comparison revealed activation of the bilateral lingual/
middle occipital gyrus (�34/�78/�16; 28/�84/�14), left
inferior parietal regions (�40/�44/50), bilateral inferior/
middle frontal regions (�52/10/30; 54/4/34), bilateral
superior occipital gyrus (�30/�84/22; 38/�82/28), right
superior parietal regions (28/�68/54), left middle frontal
regions (�40/46/18), left inferior temporal gyrus (�50/
�68/�2), left precuneus (�24/�72/48), anterior cingulate
(4/2/50) and left superior temporal lobe (�62/�46/4).

Activation in sighted musicians compared with blind
No significant differences were observed at FDR-corrected
Po0.05 level. At a lower level (Po0.001, uncorrected), the
sighted musicians with absolute pitch had more activation
of the right superior temporal gyrus (66/�12/2), left
cerebellum (�2/�58/�38), right inferior parietal regions
(52/�52/54), bilateral precuneus (�44/�74/36; 2/�62/32)
and right supramarginal gyrus (56/�54/28).

Activation in sighted and blind musicians
Sighted masked with blind (inclusive mask, FWE corrected,
Po0.05): this analysis revealed activation of the bilateral
superior temporal gyrus (�64/�22/4; 66/�16/6 and more
anterior �54/16/�12; 52/14/�14), bilateral inferior parietal
regions (�40/�56/54; 52/�40/52), bilateral inferior frontal
regions (�52/12/24; 54/12/24), bilateral cerebellum (�28/
�74/�24; 30/�72/�26), bilateral superior parietal regions
(�18/�66/54; 10/�70/56), right middle frontal gyrus
(36/2/62) and the anterior cingulate (2/28/36) (Fig. 2).

Discussion
When contrasting the two groups, the blind musician
showed more activation of a set of brain regions that
included the lingual gyrus, parietal and visual association
areas. Numerous studies have suggested a recruitment of
visual areas when blind individuals process auditory and
somatosensory information (e.g. [17–19]).

Our study showed an involvement of visual association
but not primary visual areas within a blind musician with
absolute pitch performing a classical pitch memory task.
This strongly supports the study by Ross et al. [11], who
revealed cross-modal plasticity in visual association and
parietal areas in a congenitally blind musician while
performing a different music task. These authors interpreted
their results with a recruitment of visual areas as accessory
musical processing regions in response to sensory depriva-
tion. Furthermore, they suggested that their participants’
outstanding musical aptitude might have been the result of
early reorganization in the visual system. The results of our
study show that this functional reorganization of the visual
system is not restricted to one musical task and suggests
that the additional recruited regions are not necessary for
accessory musical processing regions but necessary for more
accessory auditory processing regions.

Several studies for blind and deaf individuals have
revealed that the processing demands of a person appear
to influence what aspects of auditory or visual processing
might be modified in the brain (e.g. [20]). In our case, the
blind musician had to rely on auditory information only
since the age of 13 years and started playing an instrument
at the age of 8. This supports the theory that the additional
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recruitment of visual areas might have led to the develop-
ment of absolute pitch through the recruitment of accessory
auditory processing regions. One alternative explanation
might lie in the differences between our task for the sighted
and the blind individuals. The sighted musicians were
prompted for their behavioral response with a visual
prompt, whereas the blind participant received a tactile
prompt. Nevertheless, we do not think that this led to the
differences in the functional anatomy between the two
groups for the following reason: the prompt was presented
after the tone sequence and the peak of the hemodynamic
response function in response to this prompt will occur after
4–6 s, and therefore would only be picked up by a minority
of our image acquisitions owing to the jittered timing.
Furthermore, increased activation of visual association areas
might have been expected in the group that had their eyes
open and not the blind one.

In addition to the increased use of visual areas in the blind
individual, there is a decrease in activation within the
temporal lobe and the cerebellum in comparison with the
sighted individuals. Several studies showed the involve-
ment of the cerebellum in several auditory and musical
tasks (e.g. [12,14]). The lack of cerebellar activation in
the blind musician could be an additional indicator
for a use-dependent reorganization. Important functions
of the cerebellum might have been redirected to the
visual association areas or the lingual gyri in the blind
musician.

Furthermore, sighted absolute pitch musicians seem to
rely more on auditory regions within the temporal lobe
indicating a network consisting of auditory, parietal and
cerebellar regions in the sighted individuals, whereas the
blind musician showed a network consisting of less
auditory activation but more activation of visual association
areas and the lingual gyri, an area that has also been
identified as being involved in visual processing (e.g. [21]).
This could be explained by the fact that the sighted
individuals are dependent on ‘typical’ auditory areas to
process incoming auditory information and cannot rely on
additional areas within the visual areas, whereas the blind
individual uses different areas for the incoming auditory
stimuli. This suggestion is supported by several studies,
which showed improved auditory processing for various
stimuli within the blinds compared with sighted individuals
[2,4,22,23], which could be due to the fact that the blind
recruit additional cortical structures for auditory pro-
cessing.

A growing body of evidence indicates that early blind
individuals are able to recruit the visually deafferented
occipital cortex for nonvisual tasks, including auditory
information processing [23,24]. This cross-modal plasticity
may provide an additional substrate for the development of
absolute pitch in the blind compared with the sighted,
which could account for the higher than expected pre-
valence and prolonged critical period of absolute pitch
development in the blind [6]. The ability to perceive
auditory stimuli as belonging to categories is the key feature
that differentiates musicians with absolute pitch from
individuals without. Recent evidence demonstrates that
visual association areas are involved in the processing of
categorical visual information (e.g. [25]). In the absence of
sight, these visual association areas may facilitate categor-
ization of auditory information. Such cross-modal cortical
plasticity may at least partially account for our finding that
blind individuals with absolute pitch are not as dependent
upon the same structure in the auditory cortex that correlate
with absolute pitch ability among the sighted.

This study is the first one that compared a blind absolute
pitch musician with a control musician group with absolute
pitch on a voxel-by-voxel comparison. Although our report
is limited in its scope and does not establish a specific
mechanism for the acquisition of absolute pitch in blind
musicians, our results argue that absolute pitch among the
blind is not due to an enhancement of the same determi-
nants that are critical within sighted absolute pitch
musicians.

Conclusion
The notion that cross-modal plasticity involving the
occipital cortex may provide an additional neural substrate
for the development of absolute pitch in the blind is an
intriguing hypothesis that merits further investigation. It
would be informative for future studies to replicate the
current findings in a larger group of blind musicians as well
as to further investigate the anatomical and functional
underpinnings of absolute pitch in blind and sighted
musicians.
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