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Hemispheric Asymmetries in Setticlavio Reading

G. d’Annunzio University of Chieti and Pescara

Musical setticlavio (literally, seven clefs) reading refers to the ability to read (i.e., to say aloud, without
to sing) the musical note labels in the 7 musical clefs. The present research report aims to investigate
hemispheric asymmetries in such a basic musical ability, very poorly investigated in the domain of
cognitive neurosciences. Sixty-three musicians underwent lateralized tachistoscopic presentation of
musical notes on staves, 50% in the left and 50% in the right visual field, associated with each of the 7
musical clefs. The subjects’ task was to pronounce as fast as possible the name of the presented note,
taking into account the current clef symbol. Mixed directions of asymmetry with different involvements
of the left and right hemisphere in each clef were observed. Whereas reading in the treble, bass, alto,
tenor, and mezzosoprano clef showed no lateral asymmetries, a left hemisphere asymmetry was observed
with the soprano clef and a right hemisphere asymmetry with the baritone clef. This effect was observed
with accuracy but not with reaction time. These results suggest that there is not a univocal hemispheric
balance in musical setficlavio reading, reflecting several possible underlying reading mechanisms.
Moreover, inversely proportional results between performance (both accuracy and reaction time) and
distance from the reference clef (treble) suggest that setticlavio reading is based on a spatial rather than
verbal code.

General Scientific Summary

This study examines hemispheric asymmetries in musicians during the performance in setticlavio
reading, that is the ability to read the musical note labels in the 7 musical clefs. Results showed
asymmetries in mixed directions with a specific left asymmetry for the soprano clef and a right
asymmetry for the baritone clef. Findings suggests that this task can involve different reading
mechanism specific for each clef.

Keywords: hemispheric asymmetries, laterality, music perception, music performance, visual half-field

stimulation

Music reading is a subskill of musical performance representing
the ability to read and decipher musical notation symbols. Notation
in music has often been compared to written language, but, al-
though a certain parallelism, it has been shown that music reading
differs from text reading in important aspects. Unlike text reading,
the notation of a musical score contains information about dura-
tion, pitch, and interpretation of the musical material (Sloboda,
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1984). The time value of a note is expressed through the shape of
the given note and through the time signature indicated at the
beginning of each line of the score. The pitch is expressed by the
position of the note on the stave, according to the clef positioned
at the beginning of each stave line (Bevan, Robinson, Butterworth,
& Cipolotti, 2003). Musicians usually convert written music in an
appropriate motor response by singing or by playing it on an
instrument. They are also able to read musical notation orally or
produce a phonological response during the reading of musical
symbols.

Musical reading represents an important aspect for musical
performance. Nevertheless, only limited research has paid atten-
tion to musical notation and reading, to how music reading is
acquired and to the underlying cerebral organization. Most of the
literature on music reading comes from case report studies of
professional musicians with a brain damage who reported difficul-
ties in some musical abilities. These studies have shed light on the
question of whether processes involved in music sight reading are
independent to those involved in reading words and numbers.
Significant literature report principally clinical cases of association
between musical (amusia) and words and/or numbers (aphasia)
disturbances (Fasanaro, Spitaleri, Valiani, & Grossi, 1990; Horiko-
shi et al., 1997; Kawamura, Midorikawa, & Kezuka, 2000). Oth-
erwise, an increasing number of researchers have found selective
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deficits for language but not for music (Assal & Buttet, 1983;
Basso & Capitani, 1985; Signoret, van Eeckhout, Poncet, &
Castaigne, 1987; Brust, 1980) and vice versa (Cappelletti, Waley-
Cohen, Butterworth, & Kopelman, 2000; Satoh, Furukawa,
Takeda, & Kuzuhara, 2006). Likewise, in the more specific do-
main of music reading, there have been evidences of no dissoci-
ation between music and text reading abilities (Beversdorf &
Heilman, 1998; Kawamura, Midorikawa, & Kezuka, 2000; Schon,
Semenza, & Denes, 2001), and dissociations (Cappelletti, Waley-
Cohen, Butterworth, & Kopelman, 2000; D’Anselmo, Giuliani,
Marzoli, Tommasi, & Brancucci, 2015; Judd, Gardner, & Ge-
schwind, 1983; Riva, Casarotti, Comi, Pessina, & Bello, 2016).

As stated above, key information that must be taken into account
in music reading is the clef. Clefs are seven graphical signs written
at the beginning of a stave line which determine, with specific
rules, the pitch of the notes on the same stave (see Figure 1). In
oral reading, a clef sign before a musical sequence indicates how
to relate the notes on the stave to their names to be pronounced.
Reading in the different musical clefs is referred to as musical
setticlavio reading, and each instrument or singing voice uses
typically one (or two, e.g., the piano) of the seven music clefs. In
addition, classical music students undergo specific training in the
first years of their courses to acquire the ability to read note names
in all seven clefs. To our knowledge, no studies have been carried
out to disclose the psychological and neural mechanisms underly-
ing this ability. In our opinion instead, given the specific demands
of the setticlavio task, analyzing this ability from a perspective of
cognitive neuroscience could shed some light on the specific
ability but also on the different ways our brain acquires informa-
tion in reading-like situations.

As a first step, we undertook the present investigation focusing
on the different contributions of the two hemispheres in setticlavio
reading. Unlike the majority of the neurological and neuroimaging
studies that have observed natural activity of the brain during
music processing, we decided to use a lateralized tachistoscopic
presentation approach. Other than being much less expensive,
laterality studies look at brain function in a totally different man-
ner. They force brain areas to perform the investigated task (e.g.,
the right hemisphere to read a text, in case of laterality studies of
reading ability) and giving the researcher a totally different point
of view compared with neuroimaging studies. The specific interest
of this study in music lateralization processes arises from previous
results on music perception that support the hypothesis of hemi-
spheric asymmetry (Brancucci, Babiloni, Rossini, & Romani,

Treble  Soprano Mezzosoprano  Alto Tenor  Baritone  Bass

O

Figure 1. Top, The setticlavio (literally, seven clefs). Bottom, The posi-
tions, for each clef, corresponding to the note Do (or C). Notes with
maximum one additional stave line are shown.

2005; Brancucci, D’ Anselmo, Martello, & Tommasi, 2008; Salis,
1980; Segalowitz, Bebout, & Lederman, 1979). Furthermore, brain
lateralization is an important aspect in relation to linguistic reading
processes, and we want to extend this investigation in particular to
the domain of music reading.

To this aim, we use tachistoscopic presentation of a note written
on a stave, which can appear in the left (LVF) or in the right visual
field (RVF) while a musical clef appears in the center of the screen
(Figure 2). The subjects’ task is to read (orally) the name of the
note, taking the clef information into account (i.e., setticlavio
reading). Both accuracy and response times are measured. On the
basis of previous works, which were, however, not specifically
designed to answer our present question, the hypothesis hangs for
an asymmetry in favor of the left hemisphere (LH), at least with
regard to the bass clef. In particular, the results of our previous
study (D’Anselmo, Giuliani, Marzoli, Tommasi, & Brancucci,
2015), in which we found a different lateralization for treble and
bass clef, and from another study by Schon, Semenza, and Denes
(2001) on a left hemispheric neurological patient with a specific
deficit in reading in the bass but not in the treble clef suggest the
possibility that there might be different brain asymmetries related
to the different clefs. The present study envisages all clefs to
possibly extrapolate one function that could link hemispheric
specialization to a cognitive operation (e.g., that can be based on
the spatial code used to read in a specific clef but not in another
one).

Method

Participants

Sixty-three musicians, 37 males and 26 females, took part in this
study (mean age = 22.17, SE = 1.08). All participants were either
students or graduated musicians from Italian music conservatories,
and they were musically active at the time of the experiment
(practicing daily). They had a mean musical experience of 11.92
years (SE = 0.98) in piano, treble, flute, clarinet, song, classical
guitar, saxophone, trumpet, double bass, oboe, organ, percussion,
or cello as their main instrument. Thirty-five of them played more
instruments other than the main one. They were all able to perform
music oral reading (solfeggio) and setticlavio reading. Six of them
had absolute pitch (self report).

Hand preference was assessed using the Edinburgh Handedness
Inventory (Oldfield, 1971). The handedness scores ranged
from —100 (totally left handed) to +100 (totally right handed) and
were distributed as follows: Five subjects scored <-25, one sub-
ject scored =-25 and <25, seven subjects scored =-25 and <50,
24 subjects scored =50 and <75, and 26 subjects scored =75
and <100 (group mean *= SE = 58.61 = 4.95).

Stimuli

Participants were tested with visual stimuli, 32 notes for each
clef: treble, soprano, mezzosoprano, alto, tenor, baritone, and bass
(see Figure 1) for a total of 224 notes. For every clef, 16 quarter
note and 16 eighth note were presented, distributed in the interval
between A3 and B5. Stimuli were presented at an equal distance
from the central fixation point, subtending a visual angle of 4.5°
(central part of the stimulus). Half of the stimuli were presented in

F2
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Figure 2. Examples of two stimuli. Top, The stimulus is presented in the
LVF and has to be read in the baritone clef (correct response is here Fa, or
F). Bottom, The stimulus is presented in the RVF and has to be read in the
alto clef (correct response is here Si, or B).

the LVF and half in the RVF. All items were written on the
musical five-line stave, and the clef symbol was presented cen-
trally in the lower part of the screen (see Figure 2). Stimuli were
generated using the notation software MuseScore (version 1.2;
Schweer, 2012).

Procedure

The experiment was conducted in a quiet room. Subjects sat in
front of the computer monitor and with the head at approximately
70 cm of distance. They were instructed to fixate the cross at the
center of the screen and to not move their eyes during the exper-
iment. Presentation of stimuli was completely automated using a
software written in E-prime on a Windows computer with a
15.4-inch monitor. Each trial consisted of the presentation of
a tachistoscopic visual stimulus in the left or right visual field
(180 ms duration), followed by an interstimulus interval (4000

Table 1
Descriptive results

ms duration). Subjects were requested to say aloud the name of
the note displayed on the computer monitor. Notes had to be
read in the clef that appeared, blinking before each sequence of
32 notes, and that was stable during the sequence. The exper-
iment started with a brief training session. The spoken notes
were recorded using a microphone connected to the computer
and then recorded digitally by using GoldWave (version 5.25;
GoldWave Inc., St. John’s, NL, Canada) software.

Subjects performed seven sessions, one for each clef; the order
of sessions was counterbalanced across subjects. Each session was
composed of 32 trials (notes) presented in a pseudorandom order.
Sessions were separated by a 10-s interval. The total duration of
the experiment was approximately 20 min including a break of a
few minutes after the first four sessions.

Results

Performance was analyzed using accuracy (errors) and response
times as dependent variables. These were computed using the
software Goldwave on the basis of the recorded digital audio traces
that contained (a) a trigger signal indicating the instant when the
visual stimulus appeared on the computer monitor and (b) the
audio trace recorded of subjects’ oral response. Accuracy was
calculated as the percentage of errors to stimuli presented in the
LVF and in the RVF; RT was the difference between the onset of
the vocal response and the trigger signal. Responses with reaction
time (RT) values deviating more than 2 SD from the mean of each
clef condition were excluded. Only RT of correct responses were
considered. Responses of five subjects were excluded from the
analysis because the quality of the recording did not allow an
accurate visual analysis of the difference between the wave of the
onset voice and the trigger signal.

Data were then analyzed using two 7 X 2 repeated-measure
analyses of variance (ANOVA) at a significance level of p = .05
with clef (treble, soprano, mezzosoprano, alto, tenor, baritone,
bass) and visual half-field (left, right) as independent variables.
The first ANOVA was on accuracy and the second on response
time. Preliminary statistical analyses showed that sex, handedness,
age, music experience, and type of played instrument did not
influence hemispheric asymmetries. These variables were there-
fore not included in the subsequent analyses. Table 1 reports
descriptive data.

Errors (%) RT (s)

Variable LVF LVF RVF
Treble 7.341 (1.109) 6.845 (1.189) .702 (.020) .688 (.020)
Soprano 30.754 (2.991) 26.587 (2.970) 1.234 (.049) 1.207 (.046)
Mezzosoprano 33.532 (3.681) 34.722 (3.834) 1.479 (.054) 1.502 (.054)
Alto 20.933 (2.861) 21.925 (3.092) 1.009 (.033) .980 (.035)
Tenor 22.421 (3.164) 20.734 (3.274) 1.029 (.038) 1.017 (.035)
Baritone 44.544 (3.954) 47.520 (3.872) 1.475 (.049) 1.529 (.060)
Bass 17.560 (2.894) 17.857 (2.922) .960 (.039) .985 (.046)
Note. LVF = left visual field; RVF = right visual field. Mean errors (percentages) and response times (RT;

s) in the seven conditions (treble, soprano, mezzosoprano, alto, tenor, baritone, bass); SEs are in brackets. Data
are reported separately for stimuli presented in the LVF and RVF.

AQ:3
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Accuracy

Regarding the accuracy variable (percentage of errors), the
ANOVA showed a significant main effect of clef (Fg 5,, = 23.84;
p < .001, mp = 0.28) because of different performances in the
different clef conditions. Duncan’s post hoc tests indicated that the
performance in the treble clef was significantly better than that in
the other clefs (comparison with bass clef: p = .003; with soprano,
mezzosoprano, alto, tenor, and baritone clef: p < .001). Perfor-
mance in bass clef was significantly better compared with soprano
(p = .004) and mezzosoprano and baritone clefs (p < .001).
Performance in alto and tenor clefs was significantly better com-
pared with mezzosoprano clef (p < .001). Performance in baritone
clef was significantly worse compared with all other clefs (p <
.001).

The two-way interaction of clef and visual half-field was also
significant (Fg 3,, = 2.79; p = .011, m; = 0.43). Duncan’s post
hoc tests (asterisk in Figure 3) indicated that the performance in
soprano clef was significantly better when stimuli were presented
in the RVF (p = .002) and that the performance in baritone clef
was significantly better when stimuli were presented in the LVF
(p = .030). Regarding soprano and baritone clefs, the distribution
of responses among participants was as follows: In soprano 44% of
participants performed better in the RVF and 32% in the LVF; in
baritone 41% of participants performed better in the LVF and 25%
in the RVF.

Reliability for the accuracy-dependent variable showed a Cron-
bach’s alpha of 0.58.

55

50 ) ‘
45
40 +
3Bt
30

251

Errors (%)

20

15

10

LVF RVF

Figure 3. Mean accuracy results (%, significant within-clef difference).

Response Time

Regarding response time data, the 7 X 2 ANOVA with clef and
visual half-field as independent variables showed a significant
main effect of type of clef (Fg 534 = 57.82; p < .001, n? = 0.60).
Duncan’s post hoc tests indicated that response times in treble clef
were significantly faster than those in the other clefs (p < .001).
Response times in bass clef were significantly faster than those in
soprano, mezzosoprano, and baritone (p < .001). Response times
in soprano clef were significantly slower than in treble, bass, alto,
and tenor clef (p < .001). Mezzosoprano and baritone had similar
response times and were significantly slower than all the other clef
(p < .001). No significant interaction effects were found (see
Figure 4).

Reliability for response time dependent variable showed a Cron-
bach’s alpha of 0.06.

Discussion

This research reports faces the issue of hemispheric asymme-
tries in musical setticlavio reading, that is, in reading in the seven
musical clefs. This skill is usually observable only in musicians
who undertake classical training, being a typical subject of one of
the first examinations of that type of studies, which among other
things considers treble the reference clef and the first and principal
clef to be learned. Setticlavio reading consists in pronouncing the
name of a note translated on the basis of its clef, disregarding its
pitch and octave. So, for instance, a note presented on the second
line of the musical stave, usually labeled as sol (or G, treble clef),
if preceded by the alto clef, should be read as /a (or A). Of note,
this skill is different from musical transposition, in which singers
tune the voice pitch on the basis of the clef or of other indications
(e.g., “sing this piece one third up”) and that does not regard note
labels.

The main results of the present analysis indicate the presence of
a complex pattern of hemispheric asymmetries in setticlavio read-
ing. Mixed directions of laterality with different involvements of
the left and right hemisphere in each clef were observed. Whereas
reading in treble, bass, alto, tenor, and mezzosoprano clefs showed
no lateral asymmetries, the LH reached a better performance in
reading in the soprano clef and the hemisphere (RH) a better
performance in reading in the baritone clef. These results suggest
firstly that there is not a univocal hemispheric balance in this
ability and that multiple mechanisms possibly play a role.

In a task in which subjects had to read in the different clefs, the
performance in the soprano clef was thus higher when stimuli were
presented in the RVF, and the performance in the baritone clef was
higher when stimuli were presented in the LVF. This dual pattern
of lateralization can have different reasons. It can be explained
considering the different strategies generally used by musicians in
reading in the seven clefs. Because the more common musical
trainings start with reading in the treble clef, the easiest assumption
is that all musicians take the treble clef as a reference point and
move different steps from it to identify notes in the other clefs.
This strategy also includes the rule of step extent minimization,
that is, the distance from the treble reference point should be
minimal, allowing both upward and downward shifts. In this case,
the soprano clef needs a two-step downward shift (do/C in soprano
is mi/E in treble and vice versa) and the baritone clef a three-step
downward shift (do/C in baritone is fa/F in treble, and vice versa).
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Figure 4. Mean response time results.

Under these assumptions, it can be speculated that (a) different
shifts extents from the treble clef induce different directions of
hemispheric asymmetries, or (b) different codes (spatial vs. verbal)
are used while reading in the two clefs (based, e.g., on task
demands). These explanations are thus disproven by the lack of
asymmetry observed with the mezzosoprano clef. However, it
should be taken into account that several students learn the bari-
tone clef starting from the bass clef, which is usually the second
clef to be learned after treble. In this case, taking the bass clef as
a reference point, to read the baritone clef, it is necessary to
perform, from the presented note, a two-step upward shift. Thus,
under this assumption, to read in soprano and in baritone would
need exactly the opposite mental operations, that is, a downward
(soprano) and an upward (baritone) vertical shift starting from the
respective reference note. In previous studies, some cues concern-
ing spatial attention asymmetries in the vertical dimension were
reported in addition to the more known asymmetries in the hori-
zontal dimension.

From these studies, it emerges that the upper visual field (to-
gether with the left visual field) would enjoy an RH specialization
(Bowers & Heilman, 1980; Jewell & McCourt, 2000; Thomas,
Castine, Loetscher, & Nicholls, 2015). On these lines, the LVF
advantage we found in reading in the baritone clef (mental oper-
ation: two steps shift toward up starting from bass clef) would be
based on a special ability of the RH for attention toward up. On the
contrary, the RVF advantage we observed in soprano clef reading
(mental operation: two steps shift toward down) would be based on
an opposite asymmetry, favoring the LH. This latter explanation is
not supported by previous evidence, pointing to an RH superiority
also in the low visual field (Cazzoli, Nyffeler, Hess, & Miiri, 2011;

Loughnane, Shanley, Lalor, & O’Connell, 2015; Nicholls, Mattin-
gley, Berberovic, Smith, & Bradshaw, 2004; Pitzalis, Di Russo,
Spinelli, & Zoccolotti, 2001; Verleger, Dittmer, & Smigasiewicz,
2013). It can be, however, interpreted in the light of, in music
neuropsychology, well-known notion that hemispheric balance in
musicians is not the same as in the general population as shown
first by Bever and Chiariello in 1974. Finally, of note, the opposite
asymmetry observed with soprano and baritone clef excludes that
asymmetry can be biased by performance level, lower in these two
clefs compared with the others.

A further result of the present study concerns different perfor-
mance levels in reading in the seven musical clefs. The best
performance was observed in the treble clef, which is indubitably
due to the fact that the majority of musicians begins studying
music by learning the notes in this clef. The second clef in order
of performance was the bass clef. This clef is generally learned as
second, after treble. Treble and bass clefs were the most used ones
by our participants in their musical studies and performances; in
fact, most of them were pianists or had to learn piano as an
instrument complementary to their principal one. A middle-level
performance has been obtained in alto, tenor, and soprano, requir-
ing, respectively, one step shift upward on the stave, one step shift
downward, and two steps downward (see Figure 1). The worst
performances were instead obtained with baritone and mezzoso-
prano clefs, requiring three steps shifts, respectively, downward
and upward (with the mentioned possibility that reading in the
baritone clef is done by some musicians with reference to the bass
clef, needing in this case two-step upward shift).

One possible explanation for the main effect on performance is
presumably the different level of expertise in reading each clef.
Musicians, in fact, learn the seven clefs at different times during
their musical education, and they have therefore longer periods of
practice with earlier learned clefs (e.g., treble compared with
mezzosoprano). However, it also must be noted that an increase in
the difficulty level may be often offset by the use of specific
strategies, such as transposing the notes from the most basic and
earliest learned clefs (usually treble and bass). Thus, another
possible explanation, which does not necessarily exclude the first
one, refers to spatial mechanisms related to reading notes. Glob-
ally, as emerges from the graph in Figures 3 and 4, it can be
noticed that the distance each clef requires to move from the
reference clef (treble) is inversely proportional to performance.
This outcome is not negligible because it sheds light on the mental
mechanisms musicians may use to perform reading in the different
clefs and suggests, for example, that the involved mechanisms are
based on spatial rather than on linguistic codes, at least for single
tone reading (Besson & Schon, 2001).

Finally in the present study, there were no gender effects on
laterality results, differently from the literature of text reading in
which male are more lateralized than female (Marcel, Katz, &
Smith, 1974; Clements et al., 2006). This apparently odd result
could have several explanations: (a) setticlavio reading and more
broadly music reading do not rely on the same mechanisms of text
reading, as suggested also by the present absence of a straight left
hemispheric asymmetry as in language; (b) anatomical and func-
tional brain asymmetries are strongly influenced by music learn-
ing; and (c) the provenance of subjects enrolled in the present
study was from different instruments and music-training methods,
which could have masked a possible effect of sex on laterality that,
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however, based on our knowledge, has never been reported for
music.

The present results extend the findings of our previous study
(D’ Anselmo, Giuliani, Marzoli, Tommasi, & Brancucci, 2015),
carried out on a sample of pianists required to perform a sight-
reading task, that is, playing quickly on a keyboard notes presented
visually in musical or verbal code. Observed asymmetries strongly
depended on the motor output type, that is, whether two- or single
(left or right) hand action were required and on stimulus coding
(musical or verbal notation). Only when notes had to be played
with the left hand, which reads in the bass clef, an LH advantage
was observed. This suggested that asymmetry in music sight
reading and playing depends from both the clef and the motor
activity. The present results are instead relevant for the investiga-
tion of perceptual mechanisms in music reading and not for
performance-related functions. It could be speculated that the main
mechanisms that underlie playing an instrument reading setticlavio
concern the perceptual side, with the addition of a prearranged
motor schema that translates the read note in the output type
requested by the played instrument. Nevertheless, it should be
stated that whereas reading in different clefs is part of the educa-
tion of each professional classical musician, reading and playing in
different clefs is far more seldom and difficult, and just rare
specific music courses envisage such an ability.

At odds with the present results is the outcome of a study by
Schon, Semenza, and Denes (2001) on a neurological patient, a
female musician with left temporoparietal ischemia. She showed a
deficit in reading in the bass but not in the treble clef, although the
ability to play notes on a piano in both clefs was preserved. This
evidence would have suggested the presence of an LH specializa-
tion in reading in the bass clef, which was not observed in the
present study. Such specialization has been suggested also by other
studies on music reading (although not with setticlavio, i.e., in
reading in different clefs). A selective deficit in music reading that
does not interfere with other musical skills has been observed in a
professional musician with a left posterior temporal lobe lesion
(Cappelletti, Waley-Cohen, Butterworth, & Kopelman, 2000). In a
previous study, Brust (1980) described the case of two musicians
with LH lesions showing a deficit in both reading and writing
music, although other musical abilities were intact. Finally, a
recent study by Riva, Casarotti, Comi, Pessina, and Bello (2016)
described a professional opera singer with a left temporal glioma.
Using intraoperative stimulation mapping, they found that a spe-
cific site of the middle part of the superior temporal gyrus was
associated with a selective impairment in musical score reading
but not in language processing, pointing to a dissociation between
processing of musical and linguistic material at a cortical level,
which substantiates our suggestion of the existence of a spatial
rather than verbal code in reading musical notes.

The differences in the results obtained with stimulus lateraliza-
tion techniques (perceptual and experimental psychology) and
neurological patients (neuropsychology) invoke the use, in future
studies, of neuroimaging protocols in music reading in the differ-
ent clefs. These experiments should aid to shed light on different
aspects of mental operations: the specific neural mechanisms in-
volved in musicians during setticlavio reading, the nature of the
code they use to translate musical symbols, the neural correlates of
attentional shifts in all directions, and, last but not least, the reason

for which hemispheric asymmetries studied with different tech-
niques do not always concord in their directions.
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