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Abstract: The current study used functional magnetic resonance imaging (fMRI) to investigate the neu-
ral basis of musical phrase boundary processing during the perception of music from native and non-
native cultures. German musicians performed a cultural categorization task while listening to phrased
Western (native) and Chinese (non-native) musical excerpts as well as modified versions of these,
where the impression of phrasing has been reduced by removing the phrase boundary marking pause
(henceforth called ‘‘unphrased’’). Bilateral planum temporale was found to be associated with an
increased difficulty of identifying phrase boundaries in unphrased Western melodies. A network
involving frontal and parietal regions showed increased activation for the phrased condition with the
orbital part of left inferior frontal gyrus presumably reflecting working memory aspects of the temporal
integration between phrases, and the middle frontal gyrus and intraparietal sulcus probably reflecting
attention processes. Areas more active in the culturally familiar, native (Western) condition included,
in addition to the left planum temporale and right ventro-medial prefrontal cortex, mainly the bilateral
motor regions. These latter results are interpreted in light of sensorimotor integration. Regions with
increased signal for the unfamiliar, non-native music style (Chinese) included a right lateralized net-
work of angular gyrus and the middle frontal gyrus, possibly reflecting higher demands on attention
systems, and the right posterior insula suggesting higher loads on basic auditory processing. Hum Brain
Mapp 29:312–328, 2008. VVC 2007 Wiley-Liss, Inc.
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INTRODUCTION

Auditory streams, be they speech or music, are struc-
tured into phrases, thereby facilitating their perception and
further processing by the human brain. For the perception

of phrases, the correct detection of phrase boundaries is
necessary. Such boundaries are indicated by specific cues.
In the domain of music, these cues include small pauses,
lengthening of the phrase final note, and the implicit tonal
function of the phrase limiting tone [see e.g., Riemann,
1900]. While the most relevant of these cues is clearly the
pause [Frankland and Cohen, 2004; Neuhaus et al., 2006;
Riemann, 1900], the importance of other cues has been evi-
denced by several behavioral studies [see e.g., Boltz, 1993;
Clarke, 1985; Jusczyk and Krumhansl, 1993]. Sensitivity to
phrasing and phrase boundaries can already be observed
in young infants, in the domains of both speech [Hirsh-
Pasek et al., 1987] and music [Jusczyk and Krumhansl,
1993; Krumhansl and Jusczyk, 1990].
Recently, EEG and MEG correlates for the perception of

phrase boundaries in music have been reported [Knösche

Contract grant sponsor: Deutsche Forschungsgemeinschaft; Con-
tract grant number: KN 588/1-1

*Correspondence to: Thomas R. Knösche, Max-Planck-Institute for
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et al., 2005; Neuhaus et al., 2006]. In EEG, we identified a
centro-parietal positive wave approximately 500 ms after
the onset of the first tone following a phrase boundary. It
bears some resemblance to the Closure Positive Shift
(CPS), which indexes the processing of intonational phrase
boundaries in speech [Pannekamp et al., 2005; Steinhauer
et al., 1999]. It is therefore called music CPS and has been
shown to be sensitive to a number of phrase boundary
cues: pause length, length of the last tone preceding the
pause, and harmonic function of this last tone [Neuhaus
et al., 2006]. The same study demonstrated a relationship
between the music CPS and the individual’s formal musi-
cal training [Neuhaus et al., 2006].

Brain Networks Underlying Music Processing

In contrast to the behavioral and neurophysiological evi-
dence mentioned above, there is very little knowledge on
the neural networks underlying the processing of musical
phrasing. Other aspects of music processing have received
considerably more attention regarding their neuronal sub-
strate by means of fMRI, MEG source localization, and
lesion studies. In general, melody perception is reported to
recruit the superior temporal [Kreutz et al., 2003; Morrison
et al., 2003] and middle temporal gyri [Platel et al., 2003]
as well as the frontal lobe [Bernal et al., 2004; Griffiths
et al., 1998; Griffiths, 2003]. In addition, parietal, ventro-lat-
eral prefrontal, and premotor areas [Halpern and Zatorre,
1999; Langheim et al., 2002; Zatorre et al., 1996] have also
been evidenced to take a role in the process. The neural
correlates for harmony processing seem to comprise a net-
work including anterior cingulate cortex (ACC), temporal
poles, parietal and occipital lobes, and the medial surface
of the cerebellum bilaterally [Morrison et al., 2003; Satoh
et al., 2001; Schmithorst, 2005]. The processing of musical
syntax primarily involves left BA 44 (Broca’s area) and its
right hemisphere homologue, as shown by MEG [Maess
et al., 2001] and fMRI [Koelsch et al., 2002]. fMRI research
investigating temporal coherence reveals the importance of
BA 47 for both linguistic [Dapretto and Bookheimer, 1999;
Ni et al., 2000] and musical processing [Levitin and
Menon, 2003, 2005].
Another much discussed aspect concerning the brain

substrates of music processing is hemispherical asymme-
try. Despite the suggestions from some brain-lesion and
neuroimaging studies that music might engage the right
hemisphere more than the left [Bernal et al., 2004; Halpern
et al., 2004; Maess et al., 2001; Samson and Zatorre, 1994;
Tramo and Bharucha, 1991; Zatorre et al., 1994], there are
other studies that have shown a bilaterally distributed net-
work for music processing [Kreutz et al., 2003; Meister
et al., 2004; Platel et al., 2003; Tillmann et al., 2003].
To our knowledge, there is no evidence suggesting dif-

ferent brain loci for processing music of culturally familiar
and unfamiliar styles, as suggested by the only published
fMRI study on cross-cultural music perception [Morrison
et al., 2003].

Objectives and Hypotheses in This Study

The goal of the present study is to specify: (1) the neural
substrates of musical phrase boundary processing, (2) the
possible differences in neural networks underlying the
processing of culturally familiar and unfamiliar music in
general, and (3) the interaction between 1 and 2, asking
the questions of whether and how the processing of musi-
cal phrase boundaries might be influenced by the cultural
familiarity of the music.

Brain networks of musical phrasing

Although there is, to our knowledge, only very little
published brain imaging work concerned with the neural
substrates underlying the processing of phrases in music
or in speech prosody, ERP and MEG studies [Knösche
et al., 2005; Steinhauer et al., 1999] suggest that there
should be considerable activation of neuronal assemblies
in response to phrase boundaries. Moreover, data from
studies on related topics might allow the establishment of
some hypotheses on the brain networks involved in the
processing of phrase boundaries. These are studies that
investigate the extraction of features from the acoustic
input and those investigating integrative processing of se-
quential events.
A first possible candidate area for detecting phrase

boundary cues and recognizing the presence of a phrase
boundary is the planum temporale (PT). The PT contains
the auditory association cortex, which is known to play a
role in higher order processes of speech [Jäncke et al.,
2002a] as well as processes that are common to speech and
nonspeech input [Binder et al., 1996, 2000]. A recent study
on the perception of normal speech, degraded speech
accompanied with normal intonation, and flattened speech
lacking the intonational contour [Meyer et al., 2004] led to
the conclusion that the PT might support the integration of
rapidly and slowly changing information. According to
this view, the involvement of the PT in the processing of
phrase boundaries in music as well as in speech would be
very likely, since the integration of local phrase boundary
markers with global information, like tonality and pitch
contour, must be performed. Activation of the PT has also
been observed in a number of studies on music perception
associated with the recognition of musical features, like
timbre, contour, key, interval, and rhythm [e.g. Liégeois-
Chauvel et al., 1998; Menon et al., 2002; Ohnishi et al.,
2001]. It could, therefore, be predicted that PT exhibits
increased activity during the processing of phrase bounda-
ries, supporting the integration of slow (global) informa-
tion, which predicts the phrase boundary and rapid (local)
information, which marks it. If, however, some of the
phrase boundary markers are removed (e.g., the pause; see
Methods section), there would be a conflict between both
types of information and the identification of the phrase
boundaries would require more effort. This could then be
reflected by a further increase in PT activity. Indeed,
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increased activity of the right PT associated with ‘‘flat-
tened’’ speech (without prosody) as compared to normal
speech has been reported recently [Friederici and Alter,
2004; Meyer et al., 2004].
The processing of integrational sequencing (timing and

ordinality of events) involves structures of the so-called
motor circuit, that is, medial and lateral premotor cortex,
frontal operculum, striatum, and the intraparietal sulcus
[Schubotz et al., 2000]. Within this network, the opercular
part of the inferior frontal gyrus (IFG) has not only been
associated with the processing of sequential rules in lan-
guage syntax [Friederici, 2002], prosody [Meyer et al.,
2004], and music syntax [Maess et al., 2001], but also with
the perception of visually presented motion rhythms
[Schubotz and von Cramon, 2001] and imagery of motion
[Binkofski et al., 2000]. The orbital part of IFG has been
linked to the processing of temporal structure in music
[Levitin and Menon, 2003; Vuust et al., 2006]. More gener-
ally, the IFG seems to be involved in various processes,
requiring the integration of information over time.
Hence, it appears that increased activity in various sub-

regions of IFG as well as other constituents of the motor
circuit has been observed, when the structure of sequences
had to be processed. Since phrase boundary markers add
to the amount of structure in a musical sequence, it would
be reasonable to assume that the perception of phrased
melodies causes increased activity in these regions.
In summary, we hypothesize that there will be increased

activation of planum temporale, when the phrase bound-
ary marking pause has been removed. Moreover, increased
activity in constituents of the motor circuit and, in parti-
cular, of IFG is likely to be related to phrase boundary
processing.

Cultural dependence of brain activation
due to music processing

There has already been one attempt to isolate differences
between processing native and non-native music [Morrison
et al., 2003], which yielded a null result. There are two
major methodological concerns with this study, which we
strived to avoid in the current work. First, it has been
acknowledged that there is great variability in individuals’
brain responses to music for people with different musical-
ity levels [Aydin et al., 2005; Koelsch et al., 2005; Morrison
et al., 2003; Patel et al., 1998; Satoh et al., 2001, 2003; Seung
et al., 2005; Shahin et al., 2003], with or without the predis-
position of absolute pitch [Barnea et al., 1994; Bermudez
and Zatorre, 2005; Crummer et al., 1994; Itoh et al., 2005;
Ohnishi et al., 2001; Peretz and Zatorre, 2005; Schlaug
et al., 1995], and of different gender [Johnson et al., 1996;
Koelsch et al., 2003a,b; Lee et al., 2003]. In order to specify
the brain loci for certain functions by the fMRI methodol-
ogy, a relatively strict selection of subjects is required in
order to reduce intersubject variance. In the current study,
only fairly young German female musicians without abso-
lute pitch were recruited as participants. Secondly, rela-

tively long musical excerpts pose challenges to the re-
stricted measuring time of an fMRI study. Very small trial
numbers (e.g. 3 trials as in the study of Morrison et al.
[2003]) might prevent the detection of effects [Huettel and
McCarthy, 2001]. By using as many trials as possible (20
trials for each condition), the current study attempts to
obtain a BOLD signal averaging output of good quality.
Although, as indicated above, there seems to be no pub-

lished work reporting brain areas associated with the cul-
tural familiarity of music, studies on the recognition of fa-
miliarity in general could help to generate hypotheses, if
familiarity effects are domain general. Shah et al. [2001]
identified the retrosplenial cortex as being associated with
the processing of both familiar voices and faces in contrast
to unfamiliar ones. The authors interpret their findings
such that this part of the limbic system is involved in the
recognition of familiarity. However, it is not clear whether
the activation of the retrosplenial cortex relates to the
detection of familiarity in general, or to the recognition of
a particular voice/face, that is, to the identification of the
particular person, or to emotional responses to the person
personally known to the perceiver. Wheeler and Buckner
[2004] as well as Iidaka et al. [2006] studied cortical net-
works associated with consciously remembering words
presented about one day before. Iidaka et al. [2006] identi-
fied a bilateral network involving the middle frontal gyrus
and inferior parietal lobule. The activity of the right parie-
tal region in response to a repeated item was modulated
by the repetition lag, leading the authors to the conclusion
that this area would be critical for familiarity-based judg-
ment [see also Yonelinas et al., 2005]. From these studies,
we might hypothesize that right parietal cortex near the in-
ferior parietal lobule and possibly the left parietal lobe and
retrosplenial cortex might be also associated with familiar-
ity mediated by cultural musical style.
An experiment targeting the familiarity of particular

pieces of music showed activations in the left orbital infe-
rior frontal gyrus and the superior temporal gyrus [Platel
et al., 1997]. In a later study of the same group [Platel
et al., 2003], semantic memory of melodies was associated
with activation in medial and orbital frontal lobe, left ante-
rior middle temporal gyrus (extending into the orbital part
of the inferior frontal gyrus) as well as the left angular
gyrus. It therefore seems that semantic memory of particu-
lar music pieces is associated with a mainly left hemi-
spheric fronto-temporo-parietal network. This cognitive
function, however, may differ from the more general fa-
miliarity based on a certain cultural style.
Since in musicians, familiar music is likely to be repre-

sented not only in the sensory, but also in the motor do-
main [Bangert and Altenmüller, 2003; Haueisen and Knö-
sche, 2001], listening to culturally familiar (though not
individually known) melodies might activate both motor
and auditory brain areas. This might hold in particular, if
the music belongs to the subjects’ own performance area
(see, e.g., the comparison between pianists and chorus
singers listening to piano music, studied by Haueisen and
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Knösche [2001]). It would, therefore, be reasonable to
expect greater activation in these areas for music pieces
that are culturally familiar to the listener, all the more if
the listeners are musicians and the culturally familiar
music belongs to their own area of performance.
Apart from the cultural familiarity issue as such, we

wanted to explore whether there are differences in the
brain networks underlying phrase boundary perception as
a function of cultural familiarity. From a previous ERP
study [Nan et al., 2006], it seems that the processes of lis-
tening to culturally familiar and unfamiliar music are quite
similar, with some modulation at early latencies, but not
of the CPS. Hence, one goal of this study was to find out
whether and to what extent this relative cultural universal-
ity also holds for the underlying neural networks.
The above formulated questions were addressed by pre-

senting melodies of two different cultural styles (Chinese
and Western), each in two versions (phrased/unphrased;
see Methods section for details), to a group of German
musicians.

METHODS

Participants

Twenty German female musicians with normal hearing
abilities were paid for participation in this study. They did
not have symptoms of any neurological, psychiatric, or in-
ternal disease, nor had they taken any medication for at
least 3 days prior to the examinations. Because of their
poor behavioral performance (hit rate lower than 80% for
Western music), two subjects were excluded from the final
analysis (as suggested by the repeated Grubb’s outlier test
at the level of P < 1%). The remaining 18 participants
were right-handed (average handedness: 97.7 6 1.3)
according to the Edinburgh Handedness Inventory [Old-
field, 1971]. None of them was an absolute pitch possessor
according to the Absolute Pitch (AP) test (see below). The
mean age was 23.7 6 0.6 years (age range 19–28). The av-
erage starting age for instrument playing was 7.1 6 0.5
years. Fourteen out of the eighteen participants reported
that they were able to play at least two instruments. The
present main instruments were the flute (7), piano (7), vio-
lin (3), and keyboard (1). Participants reported that they
exercised 1.9 6 0.3 h per day. All of the musicians had the
opportunity to perform in public (on average, 7 times/
year). They mainly played music from Baroque, Classical,
and Romantic eras. This was the case for both training and
spare-time playing. All musicians reported that they pre-
dominantly listened to classical music (10.2 6 0.5 h/week).
Informed written consent was obtained from participants
prior to the investigation.

Absolute Pitch Test

The ability to identify the pitch of a given sound with-
out any reference (absolute pitch) was assessed for all of
the musicians with a mini-AP test introduced by Zatorre

[2003]. Each test sound was a computer-generated sine
wave tone of 1 s duration with 50-ms attack and decay
rates, and it was presented binaurally. All musicians got a
training session consisting of 10–25 tones until they were
familiar with the sound. The main AP test contained 10
tones, which were different from the training tones. They
were presented twice in a randomized order with a 5-s
interstimulus interval, within which the musicians were
asked to write down the corresponding tone name. No
reference tone was available to the musicians during the
test. The response was regarded as correct if it was within
a 1/2 tone distance of the answer tone [Keenan et al., 2001].
Consistent with the prior-reported non-AP abilities,

none of the musicians was able to perform the task. After
the first few notes, 17 of them gave up the test; the other
3 musicians completed the task with low performance
(correct response: 0, 0, 2 out of 10 testing items). This was
in contrast to about 90% correct responses reported for AP
musicians in literature [Keenan et al., 2001].

Materials

Forty short music pieces (20 pieces of Western music, 20
pieces of Chinese music) were chosen from pre-existing,
although not well-known, melodies for the present study.
These melodies (labeled as phrased) were clearly structured
into two phrases (each with 4 bars), with pauses indicating
phrase boundaries. The lengths of the excerpts ranged
from 9 to 21 s. In order to obtain another set of matched
unphrased melodies, the phrase boundary was modified by
a professional musician by filling it with one or more
musically plausible notes. This technique has already been
used in earlier studies [Knösche et al., 2005; Nan et al.,
2006; Neuhaus et al., 2006]. It ensures that the meter
remains intact, which would not be the case after just elim-
inating the pause. It is clear that the manipulated pieces
cannot be considered completely unphrased in the strict
sense, since phrase boundary markers other than the pause
(e.g., prefinal lengthening, harmonic closure, melodic con-
tour, etc.) are still in place. Therefore, the condition might
have been called ‘‘less phrased.’’ However, for the sake of
brevity and consistence with earlier publications, we will
call the experimental conditions phrased and unphrased
hereafter. An additional set of melodies was created by
combining two fragments from different examples, which,
however, belonged to the same style (Western or Chinese).
Fragments were created by splitting a musical piece into
two at a randomly chosen splitting point. The combined
pieces were always composed of a front and a tail frag-
ment. These stimuli served as task items and were
excluded from the final analysis. All of the melodies were
synthesized with piano-like timbre.
Note that the change of timbre from a Chinese instru-

ment (such as erhu) to a piano for Chinese music, though
necessary, compromises Chinese music employed in the
current study as entirely representative. As a result,
Chinese music would not be recognized by its different
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timbre, but rather by its different tuning and scale system
as compared with Western music. A brief summary of the
acoustic features of both groups of stimuli is listed in Ta-
ble I. Examples of stimuli are shown as scores in Figure 1.

Procedure

The experimental paradigm is sketched in Figure 2. All
melodies were presented in pseudo-random order, in

order to avoid sequence effects. There was one experimen-
tal run for each participant. Each run consisted of 40 West-
ern and 40 Chinese musical pieces (half phrased and half
unphrased) together with 8 combined task items.
The task was to categorize the ongoing melodies into

three classes: combined task melodies (which could be ei-
ther Chinese or Western), Chinese melodies, and Western
melodies. Before the real measurement, a detailed instruc-
tion and a training session were given to assure that the
participants understood the task well. The answers were
collected by delayed key-press (a visual prompt sentence
was given after the presentation of each melody and also a
feedback for the correctness of the answer was provided
immediately). The same response pattern was assigned to
each participant: right index key-press for Chinese, right
middle for Western, and no key-press for the combined
melodies. The combined items were introduced into the
experiment to make the task more difficult and relying on
the entire material and not only the beginnings. Since the
combined items could be sewn together at any point, sub-

TABLE I. Comparison of phrase boundary features

between Chinese and Western melodies

Chinese melodies Western melodies

Length of the preceding
phrase (ms)

8,012 (441) 7,649 (349)

Pause length (ms) 549 (39) 500 (39)
Length of the whole
melody (ms)

15,399 (850) 14,422 (640)

Values are averages, with 95% confidence intervals in parentheses.

Figure 1.

Example scores of stimuli. The last line demonstrates how the combined target items are cre-

ated. It is composed of a head fragment of w46p and a tail fragment of w60p. The seaming point

is indicated by the interruption in the score.
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jects had to attend to the end of a melody before making a
decision. Subjects were not informed that the purpose of
the experiment was the investigation of the perception of
phrasing in a cross-cultural context.

MR Imaging

MRI data were collected by a 3T scanner (Siemens TRIO,
Erlangen, Germany). Twenty axial slices (19.2 cm field of
view (FOV) with a 64 � 64 matrix, 4 mm thickness, 1 mm
interslice distance), parallel to the AC-PC plane and cover-
ing the whole brain were acquired using a single shot gra-
dient recalled EPI sequence (TR 2000 ms, TE 30 ms, 90 flip
angle). One functional run with 982 scans was carried out,
with each scan sampling over the 20 slices. Before func-
tional imaging, 20 anatomical T1-weighted MDEFT
[Norris, 2000; Ugurbil et al., 1993] images (data matrix 256
� 256, TR 1.3 s, TE 10 ms) and 20 T1-weighted EPI images
with the same spatial orientation as the functional data
were acquired. Additionally, in order to coregister func-
tional scans, high-resolution whole-head 3-D MDEFT brain
scans (128 sagittal slices, 1.5 mm thickness, FOV 25.0 �
25.0 � 19.2 cm3, data matrix of 256 � 256 voxels) were
acquired in a separate session.
Participants were comfortably placed in the scanner in

supine position. Cushions were used to reduce head
motion. The auditory stimuli were presented binaurally
through specially constructed, MR compatible headphones
(Commander XG, Resonance Technology, Northridge). The
combination of soundproof headphones and special ear
plugs attenuated the scanner noise without reducing the
quality of sound stimulation. The loudness of the stimula-
tion system was adapted so that the participants could
perceive the stimuli without any problems (90 dB). The
visual cues were displayed with an LCD projector on a
back-projection screen mounted in the bore of the magnet
behind the participant’s head. Participants viewed the
screen wearing mirror glasses.

Data Analysis

The software package LIPSIA was employed for MRI
data analysis [Lohmann et al., 2001]. The series of proc-
esses included preprocessing, registration, normalization,
and statistical evaluation of the MRI data. Preprocessing

was first started with an offline motion-correction of the
functional data with the Siemens motion correction proto-
col (Siemens, Erlangen, Germany). Then a cubic-spline-
interpolation and a temporal highpass filter with a cutoff
frequency of 1/280 Hz were applied for an fMRI slice ac-
quisition sequence and baseline corrections. The last step
of preprocessing was spatially smoothing with a Gaussian
kernel of 5.65 mm full-width half-maximum (FWHM). Af-
ter the preprocessing, a rigid linear registration with six
degrees of freedom (3 rotational, 3 translational) was per-
formed in order to align the functional data slices onto a
3D stereotactic coordinate reference system. The rotational
and translational parameters were acquired on the basis of
the MDEFT [Ugurbil et al., 1993] and EPI-T1 slices to
achieve an optimum match between these slices and the
individual 3D reference data set. This 3D reference data
set was acquired for each subject during a previous scan-
ning session. The MDEFT volume data set with 160 slices
and 1 mm slice thickness was standardized to the Talair-
ach stereotactic space [Talairach and Tournoux, 1988], that
is, scaled to match the extent of the Talairach brain and
rotated and translated into the Talairach coordinate system
with the origin at the anterior commissure (AC) and the
anterior-posterior commissural line defining the y-axis. The
rotational and translational parameters were then used to
transform the functional slices using trilinear interpolation,
so that the resulting functional slices were aligned with
the stereotactic system.
Statistical evaluation was based on a least-squares estima-

tion using the general linear model for serially auto-corre-
lated observations [see also Aguirre et al., 1997; Friston
et al., 1995; Worsley and Friston, 1995; Zarahn et al., 1997].
For each music style (Western, Chinese), a box-car function
with the same duration as the music excerpts was convolved
with a hemodynamic response function [HRF, constructed
by a gamma density function; Glover, 1999] in order to gen-
erate the regressors. In order to model the process underly-
ing the phrasing, an HRF with a response delay of 6 s,
shifted by the latency of the phrase boundary offset, was
used for the design matrix. Additionally, combined melodies
were included in the model as an independent regressor
(constructed the same way as for Western or Chinese melo-
dies). The model equation, including the observation data,
the design matrix and the error term, was convolved with a
Gaussian kernel of dispersion of 4 s FWHM to account for

Figure 2.

Sketch of the experimental paradigm. [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com.]
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the temporal autocorrelation [Worsley and Friston, 1995].
For each participant, two contrast maps (i.e., estimates of the
raw-score differences of the beta coefficients between speci-
fied conditions) were generated, which represented the main
effects of: (1) Western versus Chinese music and (2) phrased
versus unphrased melodies. As the individual functional
datasets were all aligned to the same stereotactic reference
space, the single-participant contrast-images were then
entered into a second-level random effects analysis for each
of the contrasts. The group analysis consisted of a one-sam-
ple t-test across the contrast images of all participants that
indicated whether observed differences were significantly
distinct from zero [Holmes and Friston, 1998]. Subsequently,
t values were transformed to Z scores. Images were thresh-
olded at z > 3.09 (P < 0.001, uncorrected). Moreover, a
region was considered significant only if it contained a clus-
ter of 5 or more continuous voxels [Braver and Bongiolatti,
2002; Forman et al., 1995]. This double threshold corre-
sponds to a 5% multiple comparisons adjusted probability
of falsely identifying one or more activated voxel clusters on
the basis of Monte Carlo simulations (Alphasim/AFNI).
In addition, a time course analysis of the fMRI signal

was conducted. Trial-averaged time courses (phrase
boundary offset locked) for all of the four conditions (2
music styles � 2 phrase conditions) were extracted from
the preprocessed data for each participant at a sampling
rate of 1 s. In order to detect the possible interaction
between music style and phrasing conditions, a subse-
quent ROI analysis was conducted. All significant areas of
both contrasts were employed as ROIs. The 4 s prior to
phrase boundary onset was considered as baseline. Percent
signal change was calculated relative to this baseline.
Mean activation from the peak voxel over a 6 s time win-
dow (2 through 8 s after phrase boundary onsets) was
computed for each participant. A two-way ANOVA with
the factors STYLE (Western vs. Chinese) and COND
(phrased vs. unphrased) was performed for each ROI.

RESULTS

Behavioral Results

We performed a two-way ANOVA with the factors
STYLE (Western vs. Chinese) and COND (phrased vs.
unphrased). All musicians performed better for the West-
ern than for the Chinese melodies, as indicated by a signif-
icant main effect of STYLE (F(1,17) ¼ 44.9, P < 0.001). The
mean recognition rate for Chinese melodies was 72.1%
(standard error: 2.4%), while Western ones yielded a mean
recognition rate of 90.6% (standard error: 1.1%). No signifi-
cant main effect or interaction involving the phrasing con-
dition (factor COND) was found.

Imaging Results

The locations of the clusters in the z-maps were identi-
fied in a Talairach scaled anatomical brain atlas [May
et al., 2004].

Phrasing effect

Brain areas that exhibited significant differences between
phrased and unphrased melodies are depicted in Figure 3
and listed in Table II. Listening to unphrased melodies
resulted in increased activation in the bilateral supra-tem-
poral plane, apparently comprising the anterior planum
temporale (PT) and possibly involving the posterior
Heschl’s gyrus.1 Time courses show that the effect is pres-
ent in both Western and Chinese music for relatively ante-
rior parts of the PT (Fig. 4A, second row), while somewhat
more posteriorly and medially (Fig. 4B, second row) in the
left hemisphere the phrasing effect shows up only for the
Western music. The time courses also suggest an effect of
musical style in that Western music causes higher activity,
but this effect only proved significant for left posterior PT
activation (see next subsection). On the other hand,
phrased melodies produced greater levels of activation in

Figure 3.

Direct contrast maps of phrase vs. unphrased melody listening. Red

colors indicate stronger activity for phrased, while blue colors indi-

cate stronger activity for unphrased melodies. The abbreviations of

the areas are the same as in Table II. In Figures 3 and 6, functional

intersubject activation (N¼ 18) is superimposed onto a normalized

3D reference brain. All of the shown areas have their maximal Z-

values above 3.09 (P < 0.001, uncorrected) and exceed a minimal

size of 135 mm3.

1In the right hemisphere, the cluster was situated within PT, while
in the left hemisphere, it was centered between Heschl’s gyrus,
PT, and parietal operculum.
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the right intraparietal sulcus, the left middle frontal gyrus,
and an area in the orbital part of the left anterior IFG (BA
47, near the border to triangle part and to the anterior
middle frontal gyrus). The time courses of the former two
areas suggest a generally higher activation and also a
greater contribution to the phrasing effect for the Chinese
melodies. However, this was not significant.

Music style effect

The direct contrast between Chinese and Western music
listening revealed the activations listed in Table III and
depicted in Figure 5. Increased activation for Chinese
music was found in the right lateralized network compris-
ing the posterior insula as well as the middle frontal and
angular gyri.2 Processing of Western music was associated
with stronger activation in a widely distributed network in
both hemispheres. In the left hemisphere, two clusters of
increased activation were found. One included motor
areas, like the superior frontal gyrus (putative SMA) and
the posterior precentral gyrus representing the putative
mouth area of the primary motor cortex. The other cluster
was located around the superior temporal gyrus and was
extended into the PT and Heschl’s gyrus. In the right
hemisphere, increased activations were seen in the poste-
rior bank of precentral gyrus in the classical hand area
and the right homologue of the previously found mouth
area. Moreover, an increased activation for Western music
was observed in the right ventro-medial prefrontal cortex
(VMPC).

Interactions between musical style and

phrasing—ROI analysis

Among the observed regions found for the above two
direct contrasts, significant interactions between COND
(phrased/unphrased) and STYLE (Chinese/Western) were
detected in three areas (see Fig. 6). For details, see the time

courses in Figure 4. An activity center near the left PT and
posterior Heschl’s gyrus (see Table III) showed a signifi-
cant interaction between music style and phrase processing
(F(1,17) ¼ 4.40, P ¼ 0.05) in that differences between the
phrased and unphrased conditions are present only for the
Western musical style (according to post-hoc comparison,
P < 0.05). Interactions were also observed along the left
and right precentral gyri/central sulci in putative mouth
and hand areas, respectively (F(1,17) ¼ 4.45, P ¼ 0.05; F(1,17)
¼ 7.84, P < 0.01). In both areas, Western music seems to
cause stronger activation when the phrase boundary was
eliminated, while for Chinese music, the phrased versions
were associated with stronger activation. Post-hoc compar-
isons, however, suggest that in the left hemisphere the
interaction stems only from the Western melodies (P <
0.05 for Western, P ¼ 0.35 for Chinese music), while in the
right hemisphere there is no difference for Western melo-
dies (P ¼ 0.53), but a significant difference was observed
for Chinese music (P < 0.01).

DISCUSSION

The present study aimed at (1) identifying the possible
brain correlates for music phrase structure processing, and
(2) isolating culture-dependent differences in the process-
ing of music in general, as well as the processing of musi-
cal phrase boundaries in particular. With respect to these
proposed research questions, the data revealed two lines
of findings: (1) With respect to music phrase structure
processing, bilateral planum temporale (PT) were identi-
fied as the most prominent brain areas for the processing
of unphrased melodies as compared to phrased ones,
while a fronto-parietal network consisting of left middle/
inferior frontal gyri and right intraparietal sulcus was
observed in response to phrased melodies. Interaction
analysis revealed that part of left PT differences originate
from the Western stimuli only. (2) Culturally unfamiliar,
non-native (Chinese) music elicited more activation of a
right-dominant network comprising the angular gyrus,
posterior insula, and middle frontal gyrus, while familiar,
native music style (Western music) activated a brain net-
work comprising left superior temporal areas (PT, HeG,
STG), right VMPC, and bilateral motor regions. An interac-
tion between the cultural style of the music and phrasing
conditions was revealed in some regions along the poste-
rior bank of the precentral gyrus (significant in left puta-
tive mouth and right putative hand areas).

Phrase Structure Processing

The role of the planum temporale

There are two alternative interpretations of the bilater-
ally increased PT activation associated with unphrased
melody processing. First, compared to the phrased melo-
dies, the unphrased melodies contain a few more notes.
Since the PT is known to be associated with basic acoustic

TABLE II. Phrased vs. unphrased melodies

Location Volume Z-max x y z

R IPS 189 3.95 28 �51 48
L MFG 162 3.82 �44 24 30
L IFG 162 4.01 �41 36 3
L PT 513 �3.6 �47 �21 15
R PT 135 �3.33 61 �18 9

R, right; L, left; IPS, intraparietal sulcus; MFG, middle frontal
gyrus; IFG, inferior frontal gyrus, orbital part (BA 47); PT, planum
temporale.

2Although these areas exceeded the significance threshold only in
the right hemisphere, lowering the threshold of minimum cluster
volume (135 mm2) also revealed activity in the homologous areas
in the left hemisphere (left MFG consisted covered 27 mm2, PI
and AnG 81 mm2 at the chosen z threshold of 3.09).
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Figure 4.

Time courses for those areas with significant effects of

the phrase boundary (contrast phrased–unphrased and

interaction). Grey: Chinese; black: Western; solid:

phrased; dotted: unphrased. The trigger point (time

point zero) is at the offset of the phrase boundary

marking pause. The bracketed number triples denote

the Talairach coordinates of the activity centers. For

abbreviations, see Tables II and III. A: Areas with signif-

icant contrast between phrased and unphrased items

(see Table II). B: Areas with significant interaction

between music style and phrase processing from the

ANOVA on the average values between 2 and 8 s after

phrase boundary offset (see Fig. 6). [Color figure can

be viewed in the online issue, which is available at

www.interscience.wiley.com.]
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processing [e.g. Griffiths and Warren, 2002; Knösche et al.,
2003; Lütkenhöner and Steinsträter, 1998], this could have
led to an increase in PT activity in our data.

Second, the involvement of bilateral PT in the processing
of unphrased melodies might alternatively be explained by
the recently proposed integration function between rapidly
and slowly changing information [Meyer et al., 2004].
According to this view, the observed PT activity might
reflect the identification of phrase boundaries triggered by
local cues (rapid information) predicted on the basis of
more global structural features of the music piece (e.g.,
contour, meter). The absence of a pause makes phrase
boundary identification more difficult (but not impossible,
because other cues are available, like e.g., prefinal length-
ening), which results in stronger PT activity for the
unphrased melody versions. If this interpretation is cor-
rect, one would predict that the observed effect is mainly
or exclusively present with culturally familiar music.
Indeed, at least for part of left PT, interaction analysis
shows that increased activity for unphrased melody ver-
sions was only observed for the Western musical style.
More generally, the superior–posterior part of the bilat-

eral temporal lobe, including the PT, has been suggested
to constitute the primary substrate for constructing sound-
based representations of speech [Hickok and Poeppel,
2000, 2004], but also for nonspeech sound processing [e.g.
Jäncke et al., 2002b]. Auditory processing is generally
asymmetric between hemispheres depending upon the
specific material processed and the task. It is proposed
that the left hemisphere specializes in temporal analysis
and the right hemisphere specializes in spectral analysis
[Zatorre 1997; Zatorre et al. 2002]. Similarly, Poeppel [2001,
2003] suggested the asymmetric sampling in time (AST)
model, stating that the left hemisphere has a shorter time
integration window (20–50 ms) and the right one has a

TABLE III. Western vs. Chinese music

Location Volume Z-max x y z

R MFGa 432 �3.85 37 15 45
R AnGa 270 �3.61 43 �51 42
R PIa 189 �3.3 34 �21 3
L SMA/preSMA 594 3.73 �8 �9 54
L CS oral representation 2,511 4.62 �50 �6 18
R PCGhand representation 675 3.86 46 �6 42
R CS oral representation 567 3.9 55 �3 21
L PT/HeG 243 3.51 �41 �27 15
L PT/STG 297 3.78 �59 �24 15
R VMPC 135 3.58 10 42 0

Tables II and III list Talairach coordinates [Talairach and Tour-
noux, 1988], Z-values, and volume (mm3) of the activated regions
yielded from the averaged contrast images based on the individ-
ual contrast (Figure 5: Chinese vs. Western; Figure 3: phrased vs.
unphrased). Z-values were thresholded at |Z| > 3.09 (P < 0.001,
uncorrected). Only the activation clusters exceeding a minimal
size of 135 mm3 (5 voxels) were listed.
a These areas are also active in the other hemisphere, but failed to
reach the threshold for cluster size (for left PI and AnG, the blobs
consisted of 3 voxels : 81 mm2, for left MFG 1 voxel : 27 mm2).
Abbreviations: R, right; L, left; MFG, middle frontal gyrus; AnG,
angular gyrus/inferior parietal lobe; PI, posterior insula; PCG,
medial part of precentral gyrus/foot area; CS, central sulcus, pos-
terior bank of precentral gyrus in mouth and hand regions; PT,
planum temporale; HeG, Heschl’s gyrus; STG, superior temporal
gyrus; VMPC, ventral medial prefrontal cortex (superior rostral
gyrus).

Figure 5.

Direct contrast maps of Western vs. Chinese melody listening. Red colors indicate stronger ac-

tivity for Western, while blue colors indicate stronger activity for Chinese melodies. The abbre-

viations of the areas are the same as in Table III.
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longer time integration window (150–250 ms). In principle,
phrasing and phrase boundary detection rely on both tem-
poral and spectral cues. However, the distinction of very
fine grained temporal features seems to play the most im-
portant role [see e.g. Neuhaus et al., 2006]. For example,
the differences in length of the closing tones of the pre-
boundary phrase was found to be about 10–70 ms on aver-
age, if the same musical pieces were played by a pianist
with and without phrase boundary [Knösche et al., 2005;
Table I]. Hence, according to the Zatorre model, phrasing
should be processed preferentially in the left hemisphere.
Indeed, in our data, the left PT seems to be considerably
more active (see Table II), which is not only in accordance
with the Zatorre model, but also with findings by Ohnishi
et al. [2001], demonstrating left lateralized PT activity in
musicians (but not in non-musicians) when listening to
music.

A fronto-parietal network for phrase

boundary processing

The processing of phrased, as contrasted to unphrased,
melodies activated areas in the left orbital IFG (BA47), left
middle frontal gyrus (MFG), and right intraparietal sulcus
(IPS). The inferior frontal cortex has been shown to be
involved in a wide range of brain processes including syn-
tactic, semantic, and phonological aspects of speech proc-
essing [e.g. Caplan et al., 1999; Fiez et al., 1999; Poldrack
et al., 1999; Wagner et al., 2001; see also Friederici and Al-
ter, 2004; Friederici, 2002 for review], processing of nonlin-
guistic sequential input [Adams and Janata, 2002; Griffiths
et al., 1999; Müller et al., 2001], music processing [Levitin
and Menon, 2003, 2005; Maess et al., 2001], and processing
of timing information [Schubotz and von Cramon, 2001;
Schubotz et al., 2000]. The area observed in our study is
well anterior to the bulk of IFG activations reported in lit-
erature. However, a similar focus of activation (distance
1.3 cm in Talairach space) has, e.g., been reported by
Meyer et al. [2004] for the processing of degraded speech
(all syntactic and semantic contents removed, while pros-
ody is preserved) in contrast to normal and flattened
(prosody removed) speech. Very similar activations have
also been reported by Tillmann et al. [2003] in a musical
priming experiment involving chord sequences (distances
1–2 cm to our activation). In the light of their own find-
ings, as well as previous evidence, Tillmann et al. charac-
terize the role of the inferior frontal cortices as ‘‘. . . proc-
essing and integrating information over time and the com-
parison of older stored information with newer incoming
information.’’ Such integration of information over time is
also expected to be characteristic for the processing of
phrase boundaries: the musical context established by the
first phrase, comprising information on, for example,
rhythm, meter, melodic line, timbre, and tonal key, has to
be kept active over the time of the pause and then inte-
grated with the new incoming information of the second
phrase in order to establish a relation between phrases. It
is worth pointing out that activity in BA47 has been found
to specifically correlate with the processing of musical tem-
poral structure [Levitin and Menon, 2003; Vuust et al.,
2006], although there is some variability in the exact posi-
tions of the reported activity centers. The question
remains, why is the activity in the left IFG stronger for the
phrased as compared to the unphrased items. After all,
one could argue that phrasing is more difficult without the
pause and activity should be higher. However, the
demand on working memory due to the temporal delay is
higher in the phrased condition. It could therefore be that
BA 47 reflects the working memory aspect of processing
temporal structure in music. Indeed, it has recently been
shown that the IFG (BA 45) plays a critical role in syntactic
working memory during auditory language perception
[Caplan et al., 1999].
The right IPS is part of the proposed dorsal fronto-parie-

tal network of attention [Corbetta and Shulman, 2002;

Figure 6.

Mean percent signal change and standard error for regions with

significant interaction between music style and phrase process-

ing. CS, central sulcus; PT, planum temporale.
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Imaruoka et al., 2003]. This network is responsible for top-
down signals for visual attention [Corbetta et al., 2002;
Small et al., 2003; Thiel et al., 2004] and auditory attention
[Collette et al., 2005]. In particular, Thiel et al. [2004] iden-
tified a network for reorienting attention in bilateral IPS
and MFG, in which the loci of the left MFG and the right
IPS activations are in close agreement with active areas
found in our study (distance <1 cm in Talairach coordi-
nates). MFG activation correlated to speech and tone seg-
mentation processes has also been reported [Burton et al.,
2000; LoCasto et al., 2004]. It is therefore likely that the
observed fronto-parietal network (i.e. left MFG and right
IPS) reflects more general cognitive processes like selective
attention involved in the segmentation of the musical
input into phrases.
Hence, the perception of phrased as compared to

unphrased melodies in trained musicians is associated
with higher activity in the orbital part of the left IFG and
lower activity in bilateral PT. In principle, these effects are
present for both culturally familiar and unfamiliar music,
although some activity in the left PT is restricted to the fa-
miliar music condition. This pattern of culturally specific
as well as culturally universal phrasing perception as indi-
cated by these observed brain activations is in line with
the findings of Nan et al. [2006] in the sense that music
phrasing perception as reflected by the ERP also comprises
culturally general (during the time range of the CPS)
as well as cultural specific subcomponents (at earlier
latencies).

Areas Associated With Music Style Processing

In general, it should be noted that there is a certain con-
found between the cultural familiarity of the music and
basic acoustic properties, which are of course not (and can-
not be) identical between the two musical styles. There-
fore, we have to be cautious when interpreting activations
in areas that are involved in basic acoustic processing, that
is, the superior temporal lobe (Heschl’s gyrus, PT and
superior temporal gyrus).

Areas for familiar style

Among the areas found to be more active for the famil-
iar music style (Western music), the role of the right ven-
tral medial prefrontal cortex (VMPC) has been suggested
to reflect the perceived ease of retrieval [Ranganath et al.,
2003] or the ‘‘feeling of knowing’’ [Schnyer et al., 2004,
2005]. Consistent with these notions, VMPC showed
enhanced activity for the familiar music style (Western
music) as compared to the unfamiliar one (Chinese music)
in the current study. Because in our case, the German
musicians were not familiar with the musical pieces per se,
the retrievable information would refer to the general
Western musical schema rather than explicit knowledge of
particular melodies. However, there is also evidence that

VMPC plays a role in pleasure and reward behaviors
[Blood and Zatorre, 2001]. Hence, the observed VMPC
response to Western music might alternatively be inter-
preted to indicate that the familiar style of music is more
positively evaluated.
Some other constituents of the neural network for famil-

iar music processing belong to the motor system, namely
those in the bilateral precentral gyrus (including the SMA).
The processing of event sequences in general (especially
complex ones) is known to involve the so-called motor cir-
cuit [e.g. Schubotz et al., 2000; for a review see e.g. Janata
and Grafton, 2003]. These processes are certainly influ-
enced by attention and it seems plausible to assume that
classical Western music, being more appealing to the Ger-
man subjects in comparison to the Chinese examples,
attracted more attention. Hence, the general attractiveness
of culturally familiar music and consequently increased
attention could be responsible for the observed activation
increases in motor areas.
Alternatively, the observed motor activations corroborate

the notion of ‘‘sensorimotor coupling.’’ Music is not at all a
purely perceptual phenomenon, but rather it is closely
related to action, partly directed at producing the music
(singing, instrument playing) and partly unrelated to pro-
duction (clapping, tapping, swinging, dancing, etc.). There-
fore, one possible explanation for the observed motor sys-
tem activations might involve internal tapping or swing-
ing, which is not directly related to the production of the
perceived music. On the other hand, the relation between
the perception of a stimulus and the motor behavior neces-
sary to produce the same stimulus has been attributed to
the mirror neuron system [Ferrari et al., 2003; Rizzolatti
et al., 1996]. Activation in the human motor system is not
only found during observation of action (classical mirror
neurons), but also during listening of other’s actions
[audio-visual mirror neurons; Aziz-Zadeh et al., 2004], and
during speech listening [echo neurons; Rizzolatti and
Craighero, 2004; see also Fadiga et al., 2002; Sundara et al.,
2001; Watkins and Paus, 2004; Watkins et al., 2003]. Thus,
if there is an echo neuron system in humans, that is, a sys-
tem that motorically resonates perceived verbal material
[Rizzolatti and Craighero, 2004], it seems plausible to
assume that other modes of human communication exhibit
a similar phenomenon. Indeed, this has been demonstrated
for humans viewing symbolic hand signs [Nakamura
et al., 2004] and for pianists listening to music [Haueisen
and Knösche, 2001].
In the present study, the Western musical pieces were

not familiar to the listeners as such, but they were familiar
in terms of cultural style. Hence, if the echo neuron
account for the activity in the precentral gyrus holds, this
means that cultural familiarity, that is, the familiarity with
certain abstract rules and conventions, is sufficient to acti-
vate the echo neurons. Interestingly, Koelsch et al. [2006]
observed activity in the Rolandic operculum near the puta-
tive representation of the vocal tract (larynx and pharynx)
in non-musicians who were listening to emotionally pleas-
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ant music. Hence, it might be that listening to music can
trigger a perception-production integration system, which
includes neural representations of vocal sound production
in non-musicians and, in musicians, who are playing
instruments, it also involves other parts of the motor sys-
tem, namely hand representations.
Some of the areas of the PCG have been found to exhibit

an interaction between phrasing and cultural familiarity.
This indicates that explaining the observed differences
between cultural styles only by internal playing, tapping
or swinging is probably too simple.
In our study, most of the areas reported in literature as

associated with familiarity based on semantic memory of
pictures, faces, voices, or melodies (see Introduction) were
not found to be activated. The reason for this may be that
cultural familiarity of music does not rest on the contents
of semantic or episodic memory, but on a system of
abstract rules (i.e. implicit memory of a scheme). Both
Western and Chinese melodies were unknown to the lis-
teners. However, the Western pieces bear traits that make
them sound familiar to Western subjects, like the harmonic
(heptatonic) system, interval structure, and so forth.

Right hemisphere network for unfamiliar style

A right lateralized network was detected for unfamiliar
music style (Chinese music), composed of areas in the
middle frontal gyrus, angular gyrus (inferior parietal lobe),
and posterior insula. The former two areas are known to
reflect top-down aspects of selective attention [Corbetta
and Shulman, 2002; Thiel et al., 2004]. It seems quite plau-
sible that the demands on this cognitive faculty is different
between the familiar Western and unfamiliar Chinese
music. Although the right parietal cortex has also been
found to be directly associated with familiarity based
judgement [Iidaka et al., 2006; Yonelinas et al., 2005], those
results would predict greater activity for the more familiar
style, which would be in contrast to our findings.
We also found activation in the right posterior insula, a

granular isocortical area associated with somatosensory,
visual, and auditory functions [Mesulam and Musfson,
1985; Penfield and Faulk, 1955]. There is abundant evi-
dence that this area is particularly involved in important
aspects of auditory processing [for a review, see Bamiou
et al., 2003]. First, research in monkeys indicates direct
connections between the posterior insula, auditory thala-
mus, and the auditory cortex [e.g. Mesulam and Mufson,
1985]. Moreover, auditory responsive units were identified
specifically in the posterior insula [Sudakov et al., 1971].
Second, human lesion studies demonstrate different forms
of auditory agnosia and, in particular, amusia in patients
with lesions involving the right posterior insular cortex
[Fifer, 1993; Griffith et al., 1997; Habib et al., 1995; Spreen
et al., 1965]. Third, there are a number of functional brain
imaging studies suggesting the involvement of posterior
insular cortex into basic auditory processing [e.g. Downar

et al., 2000; for a review see Bamiou et al., 2003]. We spec-
ulate that for the unfamiliar musical styles, such as basic
auditory processes, for example, sound event detection
and auditory Gestalt processing, are more demanding and
result in increased activity in the right posterior insula.

CONCLUSION

The perception of phrased as compared to unphrased
melodies in trained musicians is associated with higher ac-
tivity in the orbital part of left IFG and lower activity in
the bilateral PT. We suggest that the inferior frontal gyrus
reflects working memory aspects necessary for the integra-
tion of information over time. The planum temporale
might be involved in the identification of the phrase boun-
daries. In principle, these effects are present for both cul-
turally familiar and unfamiliar music, although some activ-
ity in the left planum temporale is restricted to the familiar
music condition.
When comparing the processing of culturally familiar to

culturally unfamiliar music, we observe increased activity
in parts of the motor system, demonstrating the possible
existence of a human echo neuron system for music and
strengthening the idea of sensori-motor coactivation dur-
ing the perception of music, as put forward by, for exam-
ple, Haueisen and Knösche [2001] and Koelsch et al.
[2006]. Increased activity of the ventro-medial prefrontal
cortex by culturally familiar music is in line with previous
reports attributing a function regarding the ‘‘feeling of
knowing’’ or ‘‘perceived ease of information retrieval’’ (i.e.
familiarity) to this area [Ranganath et al., 2003; Schnyer
et al., 2004, 2005].
Moreover, in both contrasts (phrased vs. unphrased and

culturally familiar vs. unfamiliar), brain areas belonging to
the fronto-parietal attention network were found, suggest-
ing a greater involvement of more general cognitive func-
tions, in particular selective attention, in the processing of
phrase boundaries as well as unfamiliar musical sequences
in contrast to familiar ones.
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