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MUSICIANS HAVE SUPERIOR PERFORMANCES

compared to nonmusicians in many auditory percep-
tion tasks. This superiority extends to memory tasks
such as the digit span. Literature suggests that the musi-
cians’ advantage unfolds along two axes: sensory modal-
ity (musicians perform better when the task is auditory)
and task complexity (musicians tend to perform better
in the forward and not — for example — backward digit
span). In addition, it is unclear whether there are spe-
cific music abilities linked with improved performance
in the digit span. Here, musicians and nonmusicians
performed a digit span task that was presented aurally,
visually, or audiovisually. The task was performed with
or without a concurrent task (i.e., articulatory suppres-
sion) in order to explore the role of rehearsal strategies
and also manipulate task complexity. Finally, music abil-
ities of all participants were assessed using the Profile of
Music Perception Skills (PROMS) test. Musicians had
larger spans than nonmusicians regardless of the sen-
sory modality and the concurrent task. In addition, the
auditory and audiovisual spans (but not visual) were
correlated with one subscale of the PROMS test. Find-
ings suggest a general advantage of musicians over non-
musicians in verbal working memory tasks, with
a possible role of sensory modality and task complexity.
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T HE SKILLS OF MUSICIANS ARE OFTEN SUR-

rounded by an aura of mysticism. However,
extensive music training (i.e., such as that

required to become a musician) does shape behavior
in several ways. The most evident empirical result is
that musicians outperform nonmusicians in a variety
of music perception tasks. Musicians are, for example,
more proficient than nonmusicians in recognizing mel-
odies presented in transposition (Halpern, Bartlett, &
Dowling, 1995) or at a faster or slower tempo (Andrews,

Dowling, Bartlett, & Halpern, 1998), and they are better
in detecting mistuned notes (Koelsch, Schroger, &
Tervaniemi, 1999; Schellenberg & Moreno, 2010). In
addition, the effect of music training on auditory
perception is not limited to music stimuli. Musicians,
for example, outperform nonmusicians in classic
psychoacoustical tasks such as frequency (Micheyl,
Delhommeau, Perrot, & Oxenham, 2006) or temporal
discrimination (Rammsayer & Altenmüller, 2006).
Noticeably, the auditory ability of musicians also
extends to speech: they are, in fact, better at recognizing
the prosody of a sentence (Deguchi et al., 2012; Schön,
Magne, & Besson, 2004) or understanding speech in
noise (Parbery-Clark, Skoe, & Kraus, 2009).

The superior skills of musicians are not restricted to
the auditory abilities. In fact, music training has an
impact on several cognitive processes, such as working
memory (WM). According to Baddeley and Hitch’s
(1974) classic model, WM consists of a central executive
system that controls attentional resources and two sub-
sidiary systems, the phonological loop and visuospatial
sketchpad. While the phonological loop stores and
manipulates verbal information (but also tonal stimuli;
see Salamé & Baddeley, 1989), the visuospatial sketchpad
stores and manipulates visual and spatial information.

In relation to Baddeley’s model, the superiority of
musicians over nonmusicians can be observed in tasks
involving the phonological loop; for example, musicians
outperform nonmusicians in WM tasks that use music
stimuli (e.g., Pallesen et al., 2010; Schulze, Dowling, &
Tillman, 2012; Schulze, Mueller, & Koelsch, 2011;
Schulze, Zysset, Mueller, Friederici, & Koelsch, 2011)
and verbal material such as digits (George & Coch,
2011; Hansen, Wallentin, & Vuust, 2012; Lee, Lu, &
Ko, 2007; Ramachandra, Meighan, & Gradzki, 2012).
In contrast, results in visuospatial tasks (i.e., tasks that
tap the visuospatial sketchpad) are mixed (see Amer,
Kalender, Hasher, Trehub & Wong, 2013; Hansen
et al., 2012; Lee et al., 2007). Furthermore, musicians
tend to perform better in simple verbal span tasks that
require maintenance (e.g., forward digit span, see Han-
sen et al., 2012) and, to a lesser extent, in complex verbal
span tasks that require maintenance and manipulation
(such as the backward digit span or the operation span
task) or maintenance and the execution of a concurrent
task, e.g., digit span with articulatory suppression (see
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Franklin et al., 2008; George & Coch, 2011; Hansen
et al., 2012; Nutley, Darki, & Klinberg, 2014).

For example, Hansen et al. (2012) investigated the
WM abilities of expert musicians, amateur musicians,
and nonmusicians by presenting the forward digit span
(presented auditorily) of the Wechsler Adult Intelli-
gence Scale (WAIS III; Wechsler, 1997a), spatial span
of the Wechsler Memory Scale (WMS-III; Wechsler,
1997b), and Musical Ear Test (MET), which measures
music abilities (Wallentin, Nielsen, Friis-Olivarius,
Vuust, & Vuust, 2010). Music abilities refer to those
perceptual skills that do not pertain exclusively to musi-
cians but can be found in individuals who have not
received music training. Examples of these abilities
include the ability to discriminate pitch, timbre, melo-
dies, rhythms, and so on (i.e., those ‘‘natural music abil-
ities or the innate potential to succeed as a musician’’;
Schellenberg & Weiss, 2013, p. 499). Hansen et al.
(2012) observed that expert musicians demonstrated
better WM performance than nonmusicians in the for-
ward but not backward digit span, suggesting that music
training improves WM in simple but not complex tasks.
In contrast, no difference between groups was observed
both in the forward and backward spatial spans. Finally,
performance in the MET (in particular, in the rhythm
subtest) was correlated with forward digit span scores.

Franklin et al. (2008) investigated WM and long-term
memory of musicians and nonmusicians. They used the
reading and operation spans, and observed a superiority
of musicians over nonmusicians in both tasks. Long-
term memory was investigated using the Rey Auditory
Verbal Learning Test (RAVLT). To limit rehearsal strat-
egies, the RAVLT was performed with and without artic-
ulatory suppression. Musicians’ performance was better
only when the task was performed without articulatory
suppression. The authors hypothesized that the superi-
ority of musicians in memory tasks could be linked to
enhanced rehearsal strategies.

In contrast, a larger effect of music training was
reported by Lee et al. (2007) in children. The authors
investigated the effect of music training in verbal and
visuospatial WM tasks in children and adults. The
authors tapped the verbal domain via the forward and
backward digit spans, nonword span, and operation
span, and the visuospatial domain via the spatial span.
Lee et al. found that the effect of music training on
different components of WM depends on age. Children
with music training performed better than children
without training in both complex and simple tasks (but
see Ho, Cheung, & Chan, 2003). In contrast, adults with
music training performed better than adults without
training only in the forward digit span and in the

nonword span tasks. The latter result supports a rela-
tionship between music training and improved verbal
WM in adults. However, this improvement does not
seem to extend to more complex tasks such as the back-
ward digit span and operation span.

Tierney, Bergeson-Dana, and Pisoni (2008) investi-
gated the role of presentation modality on the superior
performance of musicians over nonmusicians in verbal
WM tasks. The authors investigated whether musicians
showed an advantage when stimuli were presented
auditorily. In this study, musicians and nonmusicians
(gymnasts, psychology undergraduate students, and
video games players) were compared on a modified ver-
sion of the Simon Memory Game. In the visual modal-
ity, the four colored panels of a box were illuminated
one at time in random order and each participant was
asked to reproduce the sequence of colors by pressing
the appropriate panels on the box. In the auditory
modality, each participant listened to the names of the
colors one at time randomly and was asked to repro-
duce the sequence by pressing the panels of the box. In
the audiovisual modality the panels were illuminated
while each participant listened to the name of the cor-
responding color. Musicians performed better than
nonmusicians only in the auditory condition. No differ-
ences between groups emerged in the other conditions.
This result suggests that musicians may perform better
on WM tasks when stimuli are delivered auditorily.

Overall, literature suggests that musicians are better
than nonmusicians in verbal WM tasks delivered audi-
torily (e.g., Hansen et al., 2012; Ho et al., 2003; Tierney
et al., 2008). However, only Tierney et al. manipulated
modality using one task-type (the Simon memory
game). Therefore, it is possible that the superiority of
musicians over nonmusicians is due to a better proces-
sing of auditory stimuli rather than to a better proces-
sing of verbal material per se (but see also Schulze et al.,
2011, and Williamson, Baddeley, & Hitch, 2010, who
did not observe any difference). In addition, literature
reveals that musicians’ performance is better in simple
rather than complex tasks (e.g., Lee et al., 2007). In
particular, it is possible that the superior performance
of musicians in simple tasks is due to enhanced
rehearsal strategies, as suggested by Franklin et al.
(2008). Note that, in contrast, results regarding music
perception tasks (such as pitch discrimination) often
show the opposite pattern, i.e., greater differences
between musicians and nonmusicians when the task is
difficult rather than easy (e.g., Schön et al., 2004). Fur-
thermore, literature reveals a relatively unexplored
issue: only some music abilities could be correlated with
good WM performance (Hansen et al., 2012; Wallentin
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et al., 2010) and these abilities in particular might
explain the better WM performance of musicians com-
pared to nonmusicians. However, to the best of our
knowledge, only two studies (Hansen et al.; Wallentin
et al.) assessed the music abilities of musicians and non-
musicians using an independent test (MET). In all other
studies, the participants were simply divided into two
groups: musicians and nonmusicians. Treating partici-
pants (i.e., musicians and nonmusicians) as a continuum
for individual music abilities might clarify which ability
explains differences in verbal WM performances.

The aim of the current study was to investigate the role
of modality (auditory, audiovisual, and visual) and task
complexity (in terms of executive processing demands)
in the verbal WM of musicians and nonmusicians. We
aimed to study whether the superiority of musicians in
verbal WM tasks was limited to stimuli presented audi-
torily or extended to other presentation modalities (Tier-
ney et al., 2008). As far as we know, all the studies that
have compared the digit span scores of musicians vs.
nonmusicians used auditory stimuli (i.e., the researcher
reads the digits to each participant). Therefore, we
wanted to investigate whether musicians performed bet-
ter than nonmusicians when digits were presented visu-
ally (e.g., each participant reads the digits on a computer
screen) and audiovisually.1 The classic digit span task
responded to these needs: digits can be presented audi-
torily, visually, and audiovisually. In order to investigate
whether the difference in the digit span between groups is
dependent on the phonological loop (perhaps due to
more efficient rehearsal strategies; Franklin et al., 2008)
and to manipulate task complexity (e.g., Hansen et al.,
2012), participants were asked to perform the digit span
with a concurrent task (articulatory suppression), which
blocks the phonological loop by inhibiting verbal
rehearsal (Baddeley, Thomson, & Buchanan, 1975) and
enhances complexity in terms of cognitive load. We also
investigated whether WM performance differed depend-
ing on music ability, as assessed using the test Profile of
Music Perception Skills (PROMS, Law, & Zentner, 2012).

Method

PARTICIPANTS

Thirty-six students, all native Italians, participated vol-
untarily in the study. Participants provided written,

informed consent to participate in the experiment.
Eighteen participants (eight females, mean age ¼ 22.0
years, mean education ¼ 14.9 years) were trained musi-
cians, defined as being a music conservatory student
with a minimum of 7 years of training. Musicians
received a mean of 12.3 years of music training (range¼
7-26) and practiced their instrument an average of 19.6
hours per week. The nonmusicians group (fourteen
females, mean age ¼ 23.2 years, mean education ¼
16.7 years) was defined as having received no music
training beyond the basic music classes of the Italian
Middle School curriculum. In addition, because musi-
cians were unfamiliar with psychological experiments
(none had participated in a psychology experiment
before) the nonmusicians were also selected with the
same criterion. All participants had audiometric thresh-
olds below 20 dB HL for frequencies 500, 1500, and
4000 Hz, and normal (or corrected to normal) vision.

Participants were asked to complete two WAIS-IV
(Wechsler, 2008) subtests, the Vocabulary and the Visual
Puzzles, to control for general verbal and nonverbal
cognitive abilities. A set of independent samples t-tests
were used to evaluate whether musicians and nonmusi-
cians differed in age, educational level, and Vocabulary
and Visual Puzzle scores. Nonmusicians had a higher
educational level than musicians, t(34) ¼ 3.17, p ¼
.003, but the two groups did not differ with regard to
age, t(34) ¼ 1.21, p ¼ .24, Visual Puzzles score, t(34) ¼
0.50, p¼ .61, and Vocabulary score, t(34)¼ 1.11, p¼ .27
(see Table 1).

APPARATUS

The digit span test and the PROMS were administered
using an ASUS computer (Cpu Intel i5 650 3.20 GHz,
Motherboard Asus P7H55-V RAM 4 GB, Graphic Card
AMD Radeon HD 5700 Series, OS Windows 7 Profes-
sional 64 bit). The computer was connected to a monitor
(NEC MultiSync FE950þ) and M-AUDIO FastTrack
Pro sound card. The output of the sound card was
delivered to a pair of Sennheiser HD 580 headphones.
Each participant took the computer tests seated inside

1 The audiovisual condition was originally included to test whether in
a WM task the integration of unisensory stimuli followed the same rules
observed in perceptual tasks (Ernst & Banks, 2002; Grassi & Pavan, 2012);
namely, better performance and smaller variance in the audiovisual
condition compared to the auditory only and visual only conditions.

TABLE 1. Age, Education, Performance (Raw Scores) in the WAIS-
IV Visual Puzzle and Vocabulary Subtests

Musicians Nonmusicians

M SD M SD

Age (years) 22.06 3.80 23.28 2.02
Education (years) 14.94 2.15 16.78 1.17
Visual Puzzle (max score 26) 17.39 5.37 18.17 3.75
Vocabulary (max score 57) 44.72 7.75 42.17 5.82

Working Memory of Musicians and Nonmusicians 185

D
ow

nloaded from
 http://online.ucpress.edu/m

p/article-pdf/34/2/183/191393/m
p_2016_34_2_183.pdf by U

niversity of Padua user on 03 M
arch 2021



a single walled IAC sound proof booth. The digit span
test was administered using a custom-coded MATLAB
program with the Psychophysics Toolbox extensions
(Kleiner et al., 2007). The PROMS test was administered
through its website. The auditory stimuli for the audi-
tory digit span test were recorded by a male speaker (the
last author) with neutral prosody using a Shure SM 58
microphone. Single digit recordings were edited using
the CoolEdit Pro software (Syntrillium Software) and
assembled in sequences by the custom made MATLAB
program that also generated the visual and the audiovi-
sual stimuli.

MATERIAL

Digit span test. During the digit span test, participants
saw, heard, or saw and heard (depending on the modal-
ity) a random sequence of numbers (1 to 9) and were
instructed to input the sequence in the correct order via
the computer’s numeric keypad. Each sequence was
preceded and followed by a 500 Hz, 500 ms pure tone
(auditory modality) or 500 ms long asterisk (visual
modality) that signalled the beginning and end of the
trial. Both the tone and asterisk were presented in the
audiovisual modality. Across modalities, the numbers
were presented at a pace of one every 1.5 seconds. In
the auditory version of the span-test, the pace was cal-
culated as the temporal distance between the tonic
accents of two consecutive numbers (e.g., the distance
between /u/ and /e/ in the ‘‘uno – tre’’ sequence, respec-
tively one and three in English). In the visual version,
the pace was calculated as the temporal distance
between the onsets of two consecutive numbers. In the
visual version of the span-test, the digits were written
in Arabic numbers (24 points Arial font) centered on
the computer screen for 750 ms. In the audiovisual
span-test, the auditory and visual digits were presented
simultaneously. The test began with a sequence of three
numbers. There were two sequences for each level of
difficulty. After one correct response (i.e., all numbers of
one or both sequences given in the correct order) the
sequence length was increased by one number. This
procedure was iterated until the participant gave wrong
answers to both sequences. Successively, participants
performed the test with articulatory suppression. In this
condition, participants were instructed to perform the
digit span test while repeating loudly and quickly ‘‘la la
la’’ during the presentation of the sequence. Participants
were instructed to begin and end the articulatory sup-
pression simultaneously with the tones (or asterisks)
signalling the beginning and end of the sequence.
Outside the testing booth, the experimenter assessed
that the participant performed the concurrent task. In

all modalities (i.e., including the visual modality) parti-
cipants wore headphones and were asked to look at the
center of the screen while the sequence was presented.
Therefore, participants could not look at the keys of the
numeric keypad to spatially encode the sequences. The
experimenter assessed this from the outside of the booth
through the booth’s window.

Musical abilities - mini PROMS (Law & Zentner, 2012).
This test consisted of four sections (melody, tuning, speed,
and beat) performed in sequence by the participant. Each
section was articulated in ten trials. The structure of the
trials was identical in the four sections. Each participant
listened to a standard stimulus twice. The standard stim-
ulus was followed by a comparison stimulus that could be
identical or different from the standard. Participant
reported whether the comparison was different (or not)
from the standard on a five points scale answer (i.e., def-
initely same, probably same, I don’t know, probably differ-
ent, definitely different). The correct answers chosen with
maximum confidence (definitely same or different)
scored two points. The less confident correct answers
(probably same or different) scored one point. The wrong
and I don’t know answers scored zero points.

In the melody section, the standard and comparison
stimuli were melodies of constant rhythm. The compar-
ison could be either identical to the standards or differ-
ent in one (or more) notes. The difficulty of the trials
was manipulated by increasing note density (i.e., num-
ber of notes per time unit) and atonality. In the tuning,
the standard and comparison stimuli were chords (the
notes C4, E4, G4, and C5) of 1.5 s duration. The com-
parison could be either identical to the standards or
different in the note E that could be shifted from 10
to 50 cents. In the speed section, the standard and com-
parison stimuli could be either a synthetic rhythmic
structure or a recorded music sample. The comparison
could be either identical to the standards (i.e., identical
beats per minute, BPM) or different in speed that could
be varied between þ1 BPM to þ7 BPM. In the beat
section, standards and comparison were rhythmic pat-
terns of clicks. The rhythm was created by giving an
accent (i.e., a 3 dB increment) to a subset of the clicks.
In the easy trials, intensity changes were applied to most
sound events so as to increase the probability of detect-
ing the alteration. In the moderate and difficult test
trials, there were fewer intensity changes, which
required more subtle perceptual skills to be identified.

PROCEDURE

Participants signed the informed consent form engaged
in the audiometric screening prior to the experiment.
The experimenter then collected demographic details
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and participants performed the Vocabulary task and
digit span tasks. Participants took the different condi-
tions of the digit span task in different order. Half
of participants of each group started with the no-
articulatory suppression condition whereas the other
half started with the articulatory suppression. The
modality order (i.e., auditory, visual, and audiovisual)
was counterbalanced within each group. After the digit
span task, participants completed the Visual Puzzles task
and the PROMS test. Finally, participants completed
a questionnaire on their music habits. Musicians
answered to a few further questions about their music
training. The experimental session lasted about one hour.

Results

Span measure of each participant in the various modal-
ities and conditions (see Figure 1) was computed and
used as the dependent variable in a two-ways ANOVA
with two within-subjects factors (Modality ¼ auditory

vs. visual vs. audiovisual, Suppression ¼ with articula-
tory suppression vs. without articulatory suppression)
and one between-subjects factor (musicians vs. nonmu-
sicians). The ANOVA revealed that musicians overall
performed better than nonmusicians, F(1, 34) ¼ 4.41,
p ¼ .04, �p

2 ¼ .12. The performance was worse in the
suppression compared to no suppression condition,
F(1, 34)¼ 94.22, p < .001, �p

2¼ .74; however, this result
did not interact with group, F(1, 34) ¼ 1.98, p ¼ .17,
�p

2 ¼ .06. The modality factor approached significance,
F(2, 68) ¼ 2.81, p ¼ .07, �p

2 ¼ .08, but did not interact
with group, F < 1. The interaction between suppression
and modality was significant, F(2, 68) ¼ 4.09, p ¼ .02,
�p

2 ¼ .11, but did not interact with group, F(2, 68) ¼
1.47, p ¼ .24, �p

2 ¼ .04.
Although we did not observe an interaction between

sensory modality and group, we explored the modality
hypothesis (Tierney et al., 2008) and computed three
separate ANOVAs with one within-participants factor
(with vs. without articulatory suppression) and one

FIGURE 1. Digit-span of the participants in the various modalities and conditions of the study. In each box, the median is indicated by horizontal lines

inside the box (or right-facing arrows in the two incidences where the median is the same as the top or bottom boundary of a box). The edges of the box

are the 25th and 75th percentiles. The whiskers are the interquartile range (i.e., Q3-Q1) augmented by 50% and symbols are outliers.
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between-participants factor (i.e., group) separately for
auditory, visual, and audiovisual spans. Auditory span
was larger for musicians than for nonmusicians, F(1,
34) ¼ 5.06, p ¼ .03, �p

2 ¼ .13. The dimension of the
difference was large (d ¼ .80) according to Cohen’s
(1988) guidelines. In addition, both groups showed
a larger span without articulatory suppression than with
articulatory suppression: F(1, 34) ¼ 28.68, p < .001,
�p

2 ¼ .46. The interaction between group and condition
was not significant, F(1, 34) ¼ 1.14, p ¼ .29, �p

2 ¼ .03.
Audiovisual span was larger for musicians than nonmu-
sicians, F(1, 34) ¼ 4.19, p ¼ .02, �p

2 ¼ .11, and larger
without articulatory suppression than with it, F(1, 34)¼
48.06, p < .001, �p

2 ¼ .59. In addition, the interaction
between group and condition was significant, F(1, 34)¼
6.58, p ¼ .02, �p

2 ¼ .17. Post hoc analyses revealed that
musicians had a larger span than nonmusicians in the
audiovisual modality with no articulatory suppression
(p ¼ .005), with a large effect size (d ¼ 1.01), but not
with it (p ¼ .63). Both groups, however, showed better
performance in the no suppression condition with
respect to that with articulatory suppression (musicians,
p < .001, nonmusicians, p ¼ .004). Finally, visual spans
were not different for the two groups, F(1, 34) ¼ 1.35,
p ¼ .25, �p

2 ¼ .04, and they were larger without artic-
ulatory suppression, F(1, 34) ¼ 36.92, p < .001, �p

2 ¼
.52. The interaction between group and condition was
not significant, F < 1.

The PROMS scores (see Figure 2) were subjected
to four Bonferroni-adjusted independent samples
t-tests. The t-tests revealed that musicians outper-
formed nonmusicians in all the PROMS subscales,
i.e., melody, t(34) ¼ 6.09, p < .0001 (d ¼ 2.03),
tuning, t(34) ¼ 4.20, p ¼ .0002 (d ¼ 1.40), speed,
t(34) ¼ 2.50, p ¼ .02 (d ¼ .83), and beat, t(34) ¼
3.90, p ¼ .0004 (d ¼ 1.31).

Finally, 24 FDR-adjusted (Benjamini & Hochberg,
1995) correlations were run in order to evaluate
whether any of the PROMS subtests related to span
scores. The correlations are reported in Table 2.

Significant correlations were observed between the
melody subtest and the span task in the auditory modal-
ity, r(36) ¼ .48, p ¼ .04, and the audiovisual modality,
r(36)¼ .51, p¼ .02, with no articulatory suppression. In
other words, the better the participant performed in the
melody subtest, the better s/he performed in the digit
span when the modality was auditory and audiovisual
only when there was no articulatory suppression. In
contrast, the melody score did not correlate with the
span score in the visual modality, r(36) ¼ .16, p > .05.
Figure 3 shows the correlation graphs highlighting the
relationship between the score at the melody subtest
and the digit span in the auditory and audiovisual
modalities. Finally, we also calculated twelve FDR-
adjusted correlations between years of music training
and span measures and between hours of weekly practice
and span measures for the musicians group only. We
observed a moderate positive correlation between years
of music training and spans in the audiovisual modality
with no articulatory suppression, r(18) ¼ .48, and

FIGURE 2. Boxplots representing the performance of the participants in the various subscales of the PROMS test. In each box, the median is indicated

by horizontal lines inside the box. The edges of the box are the 25th and 75th percentiles. The whiskers are the interquartile range (i.e., Q3-Q1)

augmented by 50% and symbols are outliers.

TABLE 2. Correlations Between the WM Span For Various
Modalities and Conditions and the PROMS Subscales

Melody Tuning Speed Beat

Span Auditory .48* .22 .28 .06
Span Audiovisual .51* .35 .39 .22
Span Visual .16 .34 .17 .01
Span Auditory (S) .36 .23 .26 .11
Span Audiovisual (S) .10 .24 .31 .01
Span Visual (S) .37 .30 .27 .15

Note: Rows labels followed by (S) highlight the span with suppression. *p < .05
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a moderate negative correlation between hours of
weekly practice and spans in the auditory modality
with articulatory suppression, r(18) ¼ �.43. However,
both correlation were not significant when the p value
was FDR-adjusted.

Discussion

The current study investigated the performance of
musicians and nonmusicians in a verbal WM task. The
investigation developed along two main axes: 1)
whether musicians showed better performances than
nonmusicians when the task was delivered auditorily
compared to other modalities (e.g., Hansen et al.,
2012; Tierney et al., 2008); and 2) whether musicians
showed better performances than nonmusicians when
the task was complex and they could not rely on verbal
rehearsal strategies (e.g., Franklin et al., 2008). In addi-
tion, we investigated which individual music ability
might be linked to a better verbal WM performance.
In order to investigate these issues, musicians and non-
musicians were asked to perform a digit span task deliv-
ered auditorily, visually, or audiovisually. In order to
investigate the role of rehearsal strategies and task com-
plexity, participants were asked to perform the digit
span task with or without articulatory suppression.
Finally, several music abilities were assessed via an inde-
pendent test (i.e., PROMS) and were correlated with the
span.

Results revealed that musicians performed better than
nonmusicians in the digit span task, regardless of the
presence of a concurrent task. Articulatory suppression
did not affect group differences. This result suggests that
the advantage of music training can be observed in
maintenance tasks (i.e., simple digit span) as well as in

complex tasks (i.e., digit span with a concurrent task).
Previous studies have shown mixed results, with some
showing a general strength in the verbal component of
WM, both involving passive storage and active proces-
sing (e.g., Franklin et al., 2008), and others showing spe-
cific strength only in maintenance components (e.g.,
Hansen et al., 2012; Lee et al., 2007). Our results seem
to support the former rather than the latter findings.

Presentation modality did not affect the differences
between groups. In fact, results revealed that musicians
performed better regardless of the modality. Literature
suggests that musicians perform better when stimuli are
presented auditorily. However, only Tierney et al. (2008)
and the current study investigated modality with a single
task-type. Here, although the first ANOVA did not
reveal an interaction between modality and group, the
second set of ANOVAs (run to test directly the modality
hypothesis) suggested that the advantage of the musi-
cians might be more prominent in the auditory and
audiovisual modalities. In the auditory modality, indeed,
the superior performance was observed with and without
articulatory suppression. Interestingly, in the audiovisual
modality, musicians showed better performances than
nonmusicians without articulatory suppression. How-
ever, differences between the groups disappeared when
the digit span task was presented with a concurrent task.
The superior ability of the musicians in the audiovisual
condition might be explained in two ways. On the one
hand, the superior ability of musicians may be linked to
the fact that music training helps integrate information
coming from different sensory modalities (e.g., see Para-
skevopoulos, Kuchenbuch, Herholz, & Pantev, 2012;
Paraskevopoulos, Kraneburg, Herholz, Bamidis, & Pan-
tev, 2015). On the other hand, it is possible that musicians
relied mostly on the auditory modality. In synthesis, the
modality hypothesis was weakly supported.

Another aim of the current study was to understand
whether better WM performance was associated with
specific music abilities. Here, auditory and audiovisual
performances without articulatory suppression were
found to be correlated with melody subtest. This corre-
lation can perhaps be explained by the nature of the
melody task. This subtest required participants to
remember a melody and compare it to a second one.
The difficulty of the task was manipulated by increasing
the number of notes of the melody (i.e., as in the span
task). It is evident that memory has a great role in this
task. Interestingly, however, there was no correlation
between the visual digit span and the ‘‘melody’’ subtest
and this implies that the modality through which stim-
uli are presented (i.e., auditory vs visual) should not be
ignored (Tierney et al., 2008). Noticeably, Hansen et al.

FIGURE 3. Correlational plots. Auditory and audiovisual digit span as

a function of the melody score in the PROMS test. Each symbol

represents one participant. The graph title includes the value of the

correlation coefficient.
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(2012) observed a correlation between the forward digit
span and the rhythm MET subtest (Wallentin et al.,
2010). In this subtest the difficulty is modulated by
increasing the number of tones the participant has to
listen to (i.e., 4 to 11). Hansen et al. (2012), however, did
not observe a correlation between the melody subtest of
MET and the span performance.

Finally, one can argue whether the superior WM per-
formance of musicians is due to the fact that they have
better general cognitive abilities than nonmusicians
(e.g., Schellenberg, 2004). Here, the results of the two
WAIS-IV subtests (i.e., Visual Puzzles, Vocabulary) did
not support this hypothesis: we did not observe any
significant difference between musicians and nonmusi-
cians in these two tasks.

In summary, current results support the superiority of
musicians in verbal WM, regardless of the complexity of

the task and modality. However, modality might play
a role as suggested by literature and by our second set of
ANOVAs. Some music abilities were correlated with
auditory and audiovisual span (but not with the visual
one), suggesting that specific music skills might be in
a relationship with the digit span.
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