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We sought to clarify the commonly accepted link between music training and cognitive ability.
Professional musicians, nonprofessionals with music training, and musically untrained individuals (N =
642) completed measures of musical ability, personality, and general cognitive ability. Professional
musicians scored highest on objective and self-report measures of musical ability. On personality meas-
ures, professional musicians and musically trained participants scored similarly but higher than
untrained participants on agreeableness, openness-to-experience, and the personality metatrait stability.
The professionals scored higher than the other 2 groups on extraversion and the metatrait engagement.
On cognitive ability, however, they were indistinguishable from untrained participants. Instead, musi-
cally trained nonprofessionals exhibited the highest cognitive ability. In short, professional musicians
differed from other individuals in musical ability and personality, but not in cognitive ability. We con-
clude that music training predicts higher cognitive ability only among individuals who do not become
professional musicians and offer possible explanations.
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Over the past few decades, a growing number of studies have tried
to elucidate whether music training improves nonmusical cognitive
abilities. Although music training has positive associations with
visuospatial, language, and general cognitive abilities (see Swamina-
than & Schellenberg, 2019 for a review), most of the relevant evi-
dence comes from correlational designs (Schellenberg, 2020), which
preclude inferences of causation. The issue is further complicated
because music training is associated with demographic, personality,

and cognitive variables during childhood, when training typically
occurs, as well as in adulthood after training has stopped (Corrigall et
al., 2013). Moreover, evidence from twin studies documents a
genetic component to musical achievement (Hambrick & Tucker-
Drob, 2015), musical ability (Mosing et al., 2014), choice of musical
instrument and genre (Mosing & Ullén, 2018), practicing music
(Hambrick & Tucker-Drob, 2015; Mosing et al., 2014), and the link
between musical ability and general cognitive ability (Mosing et al.,
2016). These preexisting and extraneous individual differences in
musical and nonmusical variables ensure that musically trained indi-
viduals are a poor model for the study of transfer or plasticity, despite
claims to the contrary (e.g., Steele & Zatorre, 2018).

In the present investigation, our primary focus was on individu-
als with the highest levels of musical experience—professional
musicians. The available literature typically fails to distinguish
professional musicians, whose daily behaviors revolve around
music, from musically trained individuals who ultimately become
construction workers, chefs, doctors, and so on. Here we defined
(1) professional musicians as those whose careers involve music
instruction (e.g., music professors) or performance (e.g., members
of orchestras), or full-time study at the tertiary level or higher, and
(2) musically trained individuals as those who had at least 6 years
of lessons and were not working as musicians.

Although the “six-year rule” represents a general consensus in
the literature as a threshold for musical expertise (Zhang et al.,
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2020), it typically ignores whether individuals are working as
musicians. This issue is particularly important because of findings
showing that music training, when treated as a continuous variable
(i.e., duration of formal lessons), has a positive linear association
with general cognitive ability in childhood and in adulthood (e.g.,
Corrigall et al., 2013; Degé et al., 2011; Swaminathan et al.,
2017). One might logically predict, therefore, that individuals with
the highest levels of experience—professional musicians—tend to
be intellectually gifted, which seems unlikely. The primary goal of
the present investigation was to test our hypotheses that professio-
nal musicians are different from musically trained individuals in
musical ability and personality traits, but not in cognitive abilities.
Whereas the hypothesis about musical ability is self-explana-

tory, the hypothesis about cognitive abilities stemmed from evi-
dence that associations between music training and cognitive
ability tend to be strongest among middle-class children, very few
of whom become professional musicians. For example, 9- to 12-
year-olds with at least 2 years of music lessons can have IQs that
are 10 points (2/3 of 1 SD) higher than their counterparts with no
lessons (Schellenberg, 2011). At 7 and 8 years of age, children
with 1 year of lessons sometimes exceed their untrained counter-
parts by 15 points (1 SD; Schellenberg & Mankarious, 2012).
Associations of such large magnitude preclude a causal role for
the training, and suggest instead that high-functioning children are
more likely than other children to take music lessons. In any event,
preliminary evidence indicates that the link between music train-
ing and cognitive ability breaks down when actual musicians are
studied. For example, when German university students from non-
musical disciplines (law, physics, psychology) were compared to
young adults who played in a symphony orchestra or studied
music at the postgraduate level, the musicians had lower IQ scores
(Brandler & Rammsayer, 2003). In another instance, general cog-
nitive ability did not differ between German university music stu-
dents and students from other disciplines matched for age and
education (Helmbold et al., 2005).
Our hypothesis about personality traits was motivated by evi-

dence that personality predicts occupational choices (Holland,
1997). One personality trait from the Big Five model, openness-
to-experience (hereafter openness), is associated positively with
creativity across domains (Feist, 1998, 2019). Openness also pre-
dicts musical behaviors and skills (e.g., Corrigall, et al., 2013;
Lima et al., 2020), and lifetime amount of music practice (But-
kovic et al., 2015). Extraversion is another personality trait that
predicts creativity, but not as strongly as openness (Feist, 2019).
Because the Big Five traits are intercorrelated, metatraits (higher-
order personality factors) have been proposed (DeYoung, 2006).
Shared variance between openness and extraversion forms one
metatrait that indexes behavioral engagement,1 linked theoretically
to the neurotransmitter dopamine (DeYoung, 2013); shared var-
iance among agreeableness, conscientiousness, and neuroticism
forms a second metatrait indexing stability, linked to serotonin
(Hirsh et al., 2009). Because engagement is an aggregate of extra-
version and openness, it has a strong positive association with cre-
ativity (Feist, 2019), which extends to objectively measured
creative achievements and everyday creative behaviors, including
music (Sylvia et al., 2009).
In a previous study, Kuckelkorn et al. (2021) compared the per-

sonalities of professional musicians to those of amateur musicians
and nonmusicians. Professional musicians had higher levels of

openness than amateurs, who had higher levels than nonmusicians,
as one might expect, although neuroticism unexpectedly showed
the same pattern. The other main finding was that, in both musi-
cian groups, singers were more extraverted than instrumentalists,
except for percussionists. One problematic aspect of this study
was that amateur musicians were classified as individuals who had
played a musical instrument (including voice) at any point in their
lives for any amount of time but were not professionally active. In
other words, professional and amateur musicians differed mark-
edly in music training as well as professional status, which makes
these response patterns difficult to interpret.

In the present study, we examined group differences in musical
ability, personality, and general cognitive ability in a sample that
comprised professional musicians and participants who were
musically trained or untrained. We expected to find robust group
differences in measures of musical ability (professionals . trained
. untrained). For personality, previous findings allowed us to be
relatively confident that the professional and trained groups would
score higher than the untrained group on openness and extraver-
sion, and on engagement more generally. We also expected that
professional musicians would have particularly high scores on
these personality variables. Finally, although musically trained
participants should perform better than untrained participants on a
measure of general cognitive ability, we did not expect the profes-
sionals to outperform the trained group.

Method

Participants

The study was approved by the local ethics committee at Iscte-
University Institute of Lisbon (reference 07/2021). All participants
provided informed consent. The sample comprised 642 volunteer
participants, who ranged in age from 18 to 84 years (M = 34.8, SD
= 15.1; 384 women, 258 men). They were recruited primarily
through social-media postings for an online study on personality
and musical abilities, which was open to individuals with any level
of musical expertise. To increase the study’s appeal, the posting
specified that participants would receive feedback about their mu-
sical ability and personality. Two of the authors (M.V., P.V.), who
are professional musicians, contacted other musicians directly, pri-
marily through social media, asking them to participate and to
inform other musicians about the study. The study was made avail-
able in four languages (Italian: n = 290, European Portuguese: n =
151, Brazilian Portuguese: n = 150, and English: n = 51), which
reflected the make-up of the research team while maximizing sam-
ple size and diversity.

The sample was restricted to respondents who fell into one of
three groups: professional musicians, musically trained partici-
pants who were not professionals, and musically untrained partici-
pants. Professional musicians (n = 176) had a music-related job
and/or were enrolled as students in a university-level music pro-
gram. Trained participants (n = 121) had at least 6 years of music
lessons but did not meet the criteria for professionals. Thus, this

1We avoid standard terminology (plasticity) because of potential
confusion with neural and behavioral changes that occur as a consequence
of experience.
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group included many amateur musicians. Finally, untrained partic-
ipants (n = 345) had a maximum of 2 years of music training. An
additional 118 participants with 3–5 years of music lessons were
tested but excluded because they could not be identified clearly as
trained or untrained. Five other participants were tested but
excluded from analyses because of self-reported poor hearing abil-
ity (n = 1) or unspecified gender (n = 4).
Professional musicians were employed as music professors (n =

126), orchestral musicians (n = 41), soloists (n = 50), conductors
(n = 12), choristers (n = 8), pianists (n = 26), composers (n = 25),
and members of small musical ensembles (n = 67), but these cate-
gories were not mutually exclusive. The most common primary
instrument was piano/keyboard, both for professional musicians
(44%) and trained participants (40%). Table 1 provides details
separately for professional musicians and trained participants,
using standard instrument categories (voice, woodwind, etc.).
When asked about the genre of music they performed (or had per-
formed) most regularly, a majority played classical music in both
groups (professionals: 88.9%; trained: 74.8%). The next most
common genre was pop music (professionals: 3.7%; trained:
12.2%). Some trained participants played rock music (7.8%) and
some professionals played jazz (3.1%), but all other genres were
played by less than 2% of participants in either group.
The online testing format and the exploratory nature of the

research motivated us to test as many participants as possible. A
posthoc sensitivity analysis conducted with G* Power 3.1 (Faul et
al., 2007) confirmed that a sample of 642 participants had 80%
power to detect small associations of .01 # h2 # .02 (Analysis of
Covariance, three covariates, a = .05).

Materials and Tasks

All tasks and questionnaires were adapted for Gorilla experiment
Builder (Anwyl-Irvine et al., 2020), a widely used and flexible plat-
form for online behavioral research. Each measure in the testing
protocol was created originally in English. Whenever available,
published translations were used for the European Portuguese, Bra-
zilian Portuguese, and Italian versions of the tests. Otherwise, ad
hoc translations were created by native speakers who were also flu-
ent in English. Correia et al. (2021) documented that the online ver-
sions and translations of all tests used in the present study had good
reliability and validity, matching that of in-person testing conducted
in English (Swaminathan et al., 2021), and that performance did not
vary as a function of testing language.

Questionnaires

Goldsmiths Musical Sophistication Index (Gold-MSI). The
Gold-MSI (Lima et al., 2020; Müllensiefen et al., 2014) is a 38-
item self-report questionnaire evaluating different aspects of musi-
cal behaviors and abilities. Responses to each item are made on 7-
point rating scales. Scores on different subsets of items are aver-
aged to form five subscales: Active Engagement (e.g., I often read
or search the Internet for things related to music), Perceptual
Abilities (e.g., I am able to judge whether someone is a good
singer or not), Music Training (e.g., I would not consider myself a
musician), Singing Abilities (e.g., If somebody starts singing a
song I don't know, I can usually join in), and Emotions (e.g., I
sometimes choose music that can trigger shivers down my spine).
A General Musical Sophistication factor is also formed, averaged
from 18 items representative of the five subscales. The Music
Training subscale is notable for considering—in addition to life-
time duration of music lessons and regular practice—music theory,
number of musical instruments, peak amount of practice, per-
ceived status as a musician, and compliments on performances.
Our principal interest was in the subscales that measured music
training and musical abilities (i.e., Music Training, Perceptual
Ability, Singing Ability).

Big-Five Inventory (BFI). The BFI (John & Srivastava,
1999) is a widely used self-report questionnaire that includes 44
items, which measure the traits from the five-factor model of per-
sonality (McCrae & John, 1992): Openness-to-Experience, Con-
scientiousness, Extraversion, Agreeableness, and Neuroticism.
Participants rate how well each item describes them on a 5-point
rating scale. The five personality traits are calculated as mean
scores. Metatrait scores are derived by using principal-components
analysis to extract the shared variance between openness and
extraversion scores to form engagement scores, and the shared
variance among agreeableness, conscientiousness, and neuroticism
scores to form stability scores.

Mind-Wandering Questionnaire (MWQ). The MWQ (Mra-
zek et al., 2013) is a 5-item questionnaire measuring trait levels of
mind-wandering (e.g., I find myself listening with one ear, thinking
about something else at the same time). Participants rate their
agreement with each item on a 6-point rating scale (1 = almost
never, 6 = almost always). The mean serves as an index of an indi-
vidual’s frequency of mind-wandering.

Objective Ability Tests

Musical Ear Test (MET). The MET (Wallentin et al., 2010)
is an objective measure of musical ability that has two subtests,
Melody and Rhythm, presented in that order. On each of 52 trials
per subtest, participants hear two short sequences of piano tones
(Melody) or drumbeats (Rhythm) and judge whether they are iden-
tical. Half of the trials are different, such that one or more tones
are displaced in the Melody subtest, and one or more interonset
intervals are altered in the Rhythm subtest. Detailed information
about the MET stimuli is provided in Swaminathan et al. (2021).
Scores for both subtests are calculated as the number of correct
responses.

Because the MET was administered at the end of the testing ses-
sion and was relatively lengthy (approximately 20 min), some par-
ticipants did not finish the test or provided incomplete data. MET
Melody or Rhythm scores were also excluded for participants with

Table 1
Primary Instrument Category for Musically Trained Participants
and Professional Musicians

Instrument category Musically trained Professional musicians

Bowed 8 33
Brass 5 3
Keyboard 49 78
Percussion 2 3
Plucked 14 13
Voice 26 16
Woodwind 11 25
Others 1 2
No response 5 3
Total 121 176

PROFESSIONAL MUSICIANS AND COGNITIVE ABILITIES 3
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more than 10 (of 52) or 5 consecutive missing responses on a subt-
est. Sample sizes were therefore smaller when analyses included
the Melody (n = 546) or the Rhythm (n = 529) subtest.
General Cognitive Ability. General cognitive ability (here-

after cognitive ability) was tested with the Matrix Reasoning Item
Bank (MaRs-IB; Chierchia et al., 2019). The MaRs-IB, which has
been used successfully by a variety of independent research groups
(e.g., Correia et al., 2021; Nussenbaum et al., 2020), is a freely
available online measure of abstract (nonverbal) reasoning mod-
eled after Raven’s Advanced Progressive Matrices (Raven, 1965).
The test has 80 trials. On each trial, a 3 x 3 matrix is presented.
Eight of nine cells contain abstract shapes (varying on four dimen-
sions: color, size, shape, and location), but the cell in the bottom-
right corner is always empty. Participants’ task is to choose one of
four alternatives to complete the matrix, following the rules that
govern differences among the other eight cells. The duration of the
task is fixed at 8 min, but participants are not informed of the dura-
tion or the number of trials, only that they have up to 30 s to com-
plete each trial. If participants complete the 80 trials in less than 8
min, the trials begin again in the same order, but responses from
the second round are not considered in calculating scores, which
are the proportion of responses given by the participant that are
correct (excluding responses made in , 250 ms). Proportions
were logit-transformed for statistical analyses.

Procedure

After providing informed consent, participants completed the
questionnaires in the following order: MWQ, Gold-MSI, and BFI.
After the questionnaires, they completed the MaRs-IB followed by
the MET. At the end of the testing session, participants were pro-
vided with summary feedback about their personality, musical
sophistication, and musical abilities. Ethical considerations pre-
cluded feedback about cognitive ability.

Results

We initially compared our three groups of participants in terms
of basic demographic variables. Descriptive and inferential statis-
tics are provided in Table 2. Analysis of Variance (ANOVA)
uncovered group differences in both age and education. Follow-up
pairwise comparisons (Tukey’s HSD) revealed that professional
musicians were older than trained and untrained participants, ps ,
.001, who did not differ, p = .979. Professional musicians also had
more education than trained participants, p = .032, and untrained
ones, p , .001, who did not differ, p = .079. A chi-square test of
independence indicated that the gender ratio also differed across
groups, with a greater proportion of males among professional

musicians than among trained participants, p , .001, and
untrained ones, p , .001, who did not differ, p = .726. Thus, age,
education, and gender were included as covariates in the statistical
analyses that follow. As one would expect from the available liter-
ature (Deary et al., 2007; Hartshorne & Germine, 2015; Salthouse,
2009), cognitive ability also had a small negative correlation with
age, r = -.089, N = 642, p = .023, a positive correlation with educa-
tion, r = .190, N = 642, p , .001, but no association with gender,
p = .165.

Analysis of Covariance (ANCOVA) confirmed that our three
groups of participants differed on each of the music variables. De-
scriptive and inferential statistics are provided in Table 3 and illus-
trated in Figure 1, with variables standardized for comparability.
Follow-up comparisons (Tukey’s HSD) revealed that professional
musicians scored higher than musically trained participants, who
scored higher than the untrained group, on the MET Melody subt-
est, and on the Music Training, Perceptual Abilities, and Singing
Abilities subscales from the Gold-MSI, ps , .005. This same pat-
tern (i.e., professionals . trained . untrained) extended to the
Active Engagement subscale and the General Factor from the
Gold-MSI, ps , .001. The professional and trained groups scored
higher than untrained participants on the MET Rhythm subtest and
on the Emotions subscale from the Gold-MSI, ps , .001, but the
professional and trained groups did not differ (Rhythm: p = .936,
Emotions, p = .221). In short, expected group differences in musi-
cal ability were strong, whether performance was indexed objec-
tively or by self-reports.

Descriptive and inferential statistics for personality variables
are provided in Table 4 and illustrated in Figure 1. For the Big
Five traits, the three groups did not differ in terms of neuroticism,
but they did on the other four traits. As expected, professional
musicians and trained participants had higher mean openness
scores compared to untrained participants, ps , .001, but the pro-
fessional and trained groups did not differ, p = .132. Agreeable-
ness showed a similar pattern, with professionals, p = .003, and
trained participants, p = .013, scoring higher than nonmusicians,
but no differences between the professional and trained groups,
p = .984. Professional musicians had higher conscientiousness
scores than untrained participants, p = .013, but the trained partici-
pants fell in between, such that they were no different from the
professional, p = .604, or untrained, p = .296, groups. Finally, pro-
fessional musicians were more extraverted than trained partici-
pants, p = .001, and untrained participants, p = .006, but the
trained and untrained groups did not differ, p = .413.

Because Kuckelkorn et al. (2021) reported that extraversion was
elevated only for vocalists, we compared professional musicians
and trained participants who were vocalists to other participants

Table 2
Descriptive and Inferential Statistics for Demographic Variables

Musically untrained Musically trained Professional musicians Group comparison

Demographic variables M SD M SD M SD F(2, 639) h2

Age 32.40 14.85 32.70 14.18 40.94 14.48 21.39 .063
Education 3.98 1.05 4.21 1.04 4.52 0.92 16.24 .048

M/F %M M/F %M M/F %M v2(2) /
Gender 123/222 35.6 41/80 33.9 94/82 53.4 17.75 .166

Note. All ps , .001.

4 VINCENZI ET AL.
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from these two groups. Mean levels of extraversion were slightly
lower (M = 3.26) for vocalists compared to other participants (M =
3.28). We also compared vocalists and percussionists, who did not
differ in Kuckelkorn et al.,’s study, to other participants from the
professional and trained groups. Again, mean levels of extraver-
sion were slightly lower for the vocalists and percussionists (M =
3.20 vs. M = 3.29). Higher extraversion scores for the professio-
nals over the trained participants also remained evident when
instrument category was held constant, F(1, 275) = 14.69, p ,
.001, hp

2 = .051, and there was no main effect of instrument cate-
gory, p = .469, and no interaction between instrument category
and the two groups, p = .919. Finally, we conducted the same sta-
tistical analyses reported by Kuckelkorn et al., and failed to repli-
cate their results: For professional musicians, there was no effect
of main-instrument category on Big Five personality traits in a
Multivariate Analysis of Variance (MANOVA), p = .314, or on
extraversion in a univariate ANOVA, p = .397; for musically
trained participants, findings were similar (MANOVA: p = .188,
ANOVA: p = .892).
For personality metatraits (Table 4, Figure 1), engagement

scores were higher for professional musicians compared to trained
participants, p = .001, and untrained ones, p , .001, and higher
for trained than for untrained participants, p = .019. Stability
scores were higher for professional musicians, p = .004, and
trained participants, p = .021, compared to untrained participants,
but the professional and trained groups did not differ, p = .972.
For cognitive variables, descriptive statistics and inferential sta-

tistics are provided in Table 5 and illustrated in Figure 1. The three
groups did not differ in mind-wandering, but they did in general
cognitive ability. As predicted, trained participants had higher
scores than untrained participants, p = .048. Unexpectedly, trained
participants also had higher scores than professional musicians, p
= .035, who did not differ from untrained participants, p = .864.
After adjusting for the covariates, professionals actually had the
lowest mean. Because the professionals were older on average
than the other groups, if their absolute (unadjusted) levels of per-
formance matched that of the trained participants, this could
potentially indicate higher-than-expected cognitive ability. Never-
theless, even when age was allowed to covary, the advantage
remained evident for trained participants over professional musi-
cians, p = .005, and untrained participants, p = .038, but the pro-
fessional and untrained groups did not differ, p = .427.

We also considered whether the method of scoring the MaRs-IB
played a role in response patterns, because it awarded the same
score for (1) participants who took the maximum amount of time
(30 s) for each item and were correct on 14 of 16 trials, and (2)
those who completed 48 trials with 42 correct responses (i.e., pro-
portion correct = .875 in both instances). Accordingly, we recalcu-
lated our measure of cognitive ability as the sum of correct
responses, which is consistent with scoring of Raven’s test,
whether timed (Swaminathan et al., 2017) or untimed (Carpenter
et al., 1990). Response patterns did not change. There was a main
effect of group, with trained participants scoring higher than
untrained participants, p = .012, and professional musicians, p =
.003, who did not differ, p = .607. In absolute terms, mean scores
(adjusted and unadjusted) were lowest for the professionals.

Discussion

We examined how professional musicians and musically trained
and untrained individuals differ in terms of musical ability, per-
sonality, and cognition. Compared to untrained participants, the
musically trained and professional groups had higher scores on all
measures of musical ability, the Big Five traits openness and
agreeableness, and both personality metatraits. Being a professio-
nal musician was additionally predictive of even higher levels of
musical ability, extraversion, and the metatrait engagement.

As expected, the musically trained group performed better than
the untrained group on our test of cognitive ability, a finding that
replicates previous results (for review see Swaminathan & Schel-
lenberg, 2019). There was no evidence, however, of enhanced cog-
nitive abilities among professional musicians, who scored
significantly lower than trained participants, and no different from
the untrained group. How interpretable is this novel finding? Our
large sample size makes it unlikely that statistical power played a
role. It seems implausible, moreover, that professionals would
exceed the trained participants in attempts to replicate our findings
directly. This result is inconsistent with proposals that learning
and performing music play a causal role in determining nonmusi-
cal cognitive abilities (e.g., Patel, 2011; Tierney & Kraus, 2013).
Indeed, such hypotheses of far transfer and plasticity remain con-
tentious (e.g., Degé, 2021; Sala & Gobet, 2020). As one example,
Jäncke (2009) speculated that “when learning to play a musical
instrument, the trainee also practices attention, planning functions,

Table 3
Descriptive and Inferential Statistics for the Musical Ear Test (MET) and the Goldsmiths Musical Sophistication Index (Gold-MSI)

Musically untrained Musically trained Professional musicians Group comparison

Music variables M SD M SD M SD F d. f. h2

MET
Melody 34.74 6.43 39.99 5.70 43.10 4.71 87.14 540 .241
Rhythm 36.71 5.71 39.46 5.08 40.30 4.46 18.65 523 .065

Gold-MSI
Active engagement 3.88 1.23 4.58 0.99 5.25 0.82 97.02 636 .230
Perceptual abilities 4.94 1.07 6.03 0.69 6.38 0.55 165.58 636 .341
Music training 2.39 1.19 5.36 0.78 6.05 0.55 923.47 636 .742
Singing abilities 3.76 1.35 4.97 0.96 5.41 0.89 132.18 636 .292
Emotions 5.49 0.95 6.00 0.67 6.05 0.77 41.66 636 .112
General factor 3.55 1.12 5.06 0.77 5.73 0.52 352.50 636 .521

Note. All ps , .001. Age, education, and gender were held constant in the group comparisons. All F statistics have 2 d.f. in the numerator.
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memory, and self-discipline. It is thus hypothesized that musical
experience would positively influence executive functions, lan-
guage functions, or even intelligence in general.” If this hypothesis
were true, such effects might reach a plateau at some point, but
they would be unlikely to go in reverse.
Nevertheless, our test of general cognitive ability was a single,

brief test of abstract reasoning, even though general cognitive abil-
ity (g) is best measured as a latent variable extracted from a battery
of tests that cover a wide range of abilities (Carroll, 1993). Clearly,
a large battery of tests was unfeasible with our online testing con-
text, such that our choice to administer the MaRs-IB was

motivated primarily by practical reasons. As noted, however, the
MaRs-IB is modeled after Raven’s Advanced Progressive Matri-
ces (Raven, 1965), which measures “the ability to induce abstract
relations and the ability to dynamically manage a large set of prob-
lem-solving goals in working memory” (Carpenter et al., 1990;
p. 404). Such abilities are considered central to virtually all con-
cepts of intelligence, even those that attempt to expand its defini-
tion beyond “book smarts” (Sternberg, 1985). Indeed, matrix-
reasoning tests are sometimes considered to be the best single-test
proxy for g (e.g., Deary & Smith, 2004). Even when full-scale IQ
is estimated from only two tests, as in the Wechsler Abbreviated

Figure 1
Means and Standard Errors for Study Variables, Standardized for Comparability

Note. Pairwise comparisons (Tukey’s HSD) were conducted after ANCOVA confirmed a significant main effect of group (covariates: age, education,
and gender). See the online article for the color version of this figure.
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Scale of Intelligence (Wechsler, 2011), one is a test of matrix rea-
soning. In short, although a clear limitation of the present study is
that the results (re: cognitive ability) could be test-specific, or spe-
cific to tests of matrix reasoning, our choice of test was defensible,
perhaps even optimal, in light of the testing context.
Our finding of elevated engagement and extraversion for profes-

sional musicians, but not for musically trained participants, seems
intuitive because most professional musicians perform music pub-
licly, at least at some point in their lives. Additionally, most of our
professionals were music professors in addition to instrumentalists
(�72% in our sample), and education is in essence a social pro-
cess. Engagement and extraversion have also been associated pre-
viously with creative behaviors, including music (Feist, 2019;
Sylvia et al., 2009). Our results differ from those of Kuckelkorn et
al. (2021), however, who documented high levels of extraversion
among some subgroups of professional musicians (vocalists), but
not others. In the current study, we found evidence of a more gen-
eral effect, with group differences in engagement and extraversion
being independent of instrument category. Our subgroups of par-
ticipants per category were small (e.g., 16 professional vocalists),
though, because we did not set out to explore instrument effects.
Future research could explore the possibility of such effects in
greater detail.
Although our results showed that professional musicians differ

from other individuals primarily in terms of musical abilities and
personality, there is no doubt that some musicians are very intelli-
gent. For example, Miles (1926) used biographical information to
estimate Mozart’s IQ as between 150 and 155. Brian May, the guitar
player for Queen (and composer of We Will Rock You), is another
example. May earned a PhD in astrophysics, collaborated with
NASA, served as chancellor of Liverpool John Moores University,
and has an asteroid named after him. IQ is also associated positively

with eminence as a musician or composer, as it is across professions,
although personality factors are as important as cognitive ability in
predicting high levels of achievement (Miles, 1926, Simonton,
2006; 2009). The average professional musician, however, appears
to differ from the general population primarily in terms of personal-
ity and musical ability rather than cognitive ability.

We propose that individual differences in musical ability, per-
sonality, and cognitive ability, in combination with contextual fac-
tors (e.g., socioeconomic status), jointly influence developmental
trajectories of musical experience. Crucially, however, they con-
tribute differently in predicting (1) who takes music lessons and
for how long, and (2) who becomes a professional musician. Dur-
ing the childhood and teenage years, those who have high levels of
musical ability, openness-to-experience, and cognitive ability,
would tend to take music lessons for the longest duration (Corri-
gall et al., 2013; Kragness et al., 2021). Individuals with lower lev-
els on one these dimensions would be more likely to discontinue
training or never begin, while those with lower levels on two (or
three) dimensions would be even more likely to discontinue, prob-
ably at an earlier date. In early adulthood, most high-functioning
individuals would opt to enter nonmusic professions because of
personal interests, practical reasons (e.g., obtaining a well-paying
job), or because of suboptimal levels of musical ability and/or per-
sonality characteristics. Other individuals, with high levels of mu-
sical ability and engagement (openness and extraversion), would
be the most likely to choose a career in music. In some instances,
individuals with high levels of musical ability, cognitive ability,
and engagement might also pursue music further, or enter non-
musical professions while maintaining their involvement in music.
These proposals represent testable hypotheses that could be
addressed in future developmental, longitudinal, and correlational
studies.

Table 4
Descriptive and Inferential Statistics for the Personality Variables

Musically untrained Musically trained Professional musicians Group comparison

Personality variables M SD M SD M SD F p h2

Big five
Openness 3.80 0.59 4.14 0.54 4.31 0.43 42.83 ,.001 .118
Conscientiousness 3.50 0.69 3.63 0.68 3.80 0.71 4.23 .015 .012
Extraversion 3.17 0.82 3.07 0.84 3.43 0.68 7.39 ,.001 .022
Agreeableness 3.71 0.56 3.87 0.53 3.89 0.54 7.44 ,.001 .022
Neuroticism 3.17 0.79 3.04 0.88 2.92 0.89 1.25 .287 .004

Metatraits
Engagement �.259 1.01 .023 .968 .492 .789 27.54 ,.001 .078
Stability �.183 .936 .101 .965 .290 1.07 6.83 .001 .019

Note. Age, education, and gender were held constant in the group comparisons. All F statistics have 2, 636 d.f.

Table 5
Descriptive and Inferential Statistics for the Cognitive Variables

Musically untrained Musically trained Professional musicians Group comparison

Cognitive variables M SD M SD M SD F p h2

Mind wandering 3.29 0.96 3.13 0.88 2.88 0.95 2.75 .064 .008
Cognitive ability—1 .614 0.15 .654 0.15 .614 0.14 3.59 .028 .010
Cognitive ability—2 23.3 5.64 25.1 6.73 22.0 5.31 5.90 .003 .017

Note. Cognitive ability—1: Proportion of responses that were correct (logit transformed in analysis). Cognitive ability—2: Sum of correct responses.
Age, education, and gender were held constant in the group comparisons. All F statistics have 2, 636 d.f.
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Although our emphasis is on self-selection, which has typically
been overlooked (Schellenberg, 2020), the environments people
seek out undoubtedly influence who they become (Sauce & Mat-
zel, 2018). In the case of skilled musical performance, the role of
practice is incontrovertible. For objective measures of musical
ability, however, music training plays a negligible role (Kragness
et al., 2021). For cognitive ability and personality, shared environ-
mental effects also appear to be small. Although the environment
explains approximately half of the variance, these effects stem pri-
marily from individual (nonshared) experiences (Harris, 2006).
In sum, our findings document important differences between

professional musicians and nonprofessional but musically trained
individuals. These differences need to be considered carefully
when interpreting the results of published research, and when
designing future studies.

References

Anwyl-Irvine, A. L., Massonnié, J., Flitton, A., Kirkham, N., & Evershed,
J. K. (2020). Gorilla in our midst: An online behavioral experiment
builder. Behavior Research Methods, 52(1), 388–407. https://doi.org/10
.3758/s13428-019-01237-x

Brandler, S., & Rammsayer, T. H. (2003). Differences in mental abilities
between musicians and non-musicians. Psychology of Music, 31(2),
123–128. https://doi.org/10.1177/0305735603031002290

Butkovic, A., Ullén, F., & Mosing, M. A. (2015). Personality related traits
as predictors of music practice: Underlying environmental and genetic
influences. Personality and Individual Differences, 74, 133–138. https://
doi.org/10.1016/j.paid.2014.10.006

Carpenter, P. A., Just, M. A., & Shell, P. (1990). What one intelligence test
measures: A theoretical account of the processing in the Raven Progres-
sive Matrices Test. Psychological Review, 97(3), 404–431. https://doi
.org/10.1037/0033-295X.97.3.404

Carroll, J. B. (1993). Human cognitive abilities: A survey of factor-analytic
studies. Cambridge University Press. https://doi.org/10.1017/CBO978051
1571312

Chierchia, G., Fuhrmann, D., Knoll, L. J., Pi-Sunyer, B. P., Sakhardande,
A. L., & Blakemore, S. J. (2019). The matrix reasoning item bank
(MaRs-IB): Novel, open-access abstract reasoning items for adolescents
and adults. Royal Society Open Science, 6(10), 190232. https://doi.org/
10.1098/rsos.190232

Correia, A. I., Vincenzi, M., Vanzella, P., Pinheiro, A. P., Lima, C. F., &
Schellenberg, E. G. (2021). Can musical ability be tested online? Behav-
ior Research Methods. Advance online publication. https://doi.org/10
.3758/s13428-021-01641-2

Corrigall, K. A., Schellenberg, E. G., & Misura, N. M. (2013). Music train-
ing, cognition, and personality. Frontiers in Psychology, 4, 00222.
https://doi.org/10.3389/fpsyg.2013.00222

Deary, I. J., & Smith, P. (2004). Intelligence research and assessment in
the United Kingdom. In R. J. Sternberg (Ed.), International handbook of
intelligence (pp. 1–48). Cambridge University Press. https://doi.org/10
.1017/CBO9780511616648.002

Deary, I., Strand, S., Smith, P., & Fernandes, C. (2007). Intelligence and
educational achievement. Intelligence, 35(1), 13–21. https://doi.org/10
.1016/j.intell.2006.02.001

Degé, F. (2021). Music lessons and cognitive abilities in children: How far
transfer could be possible. Frontiers in Psychology, 11, 557807. https://
doi.org/10.3389/fpsyg.2020.557807

Degé, F., Kubicek, C., & Schwarzer, G. (2011). Music lessons and intelli-
gence: A relation mediated by executive functions. Music Perception,
29(2), 195–201. https://doi.org/10.1525/mp.2011.29.2.195

DeYoung, C. G. (2006). Higher-order factors of the Big Five in a multi-in-
formant sample. Journal of Personality and Social Psychology, 91(6),
1138–1151. https://doi.org/10.1037/0022-3514.91.6.1138

DeYoung, C. G. (2013). The neuromodulator of exploration: A unifying
theory of the role of dopamine in personality. Frontiers in Human Neu-
roscience, 7, 762. https://doi.org/10.3389/fnhum.2013.00762

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). GPower 3: A
flexible statistical power analysis program for the social, behavioral, and
biomedical sciences. Behavior Research Methods, 39(2), 175–191.
https://doi.org/10.3758/BF03193146

Feist, G. J. (1998). A meta-analysis of personality in scientific and artistic
creativity. Personality and Social Psychology Review, 2(4), 290–309.
https://doi.org/10.1207/s15327957pspr0204_5

Feist, G. J. (2019). Creativity and the Big Two model of personality: Plas-
ticity and stability. Current Opinion in Behavioral Sciences, 27, 31–35.
https://doi.org/10.1016/j.cobeha.2018.07.005

Hambrick, D. Z., & Tucker-Drob, E. M. (2015). The genetics of music
accomplishment: Evidence for gene-environment correlation and inter-
action. Psychonomic Bulletin & Review, 22(1), 112–120. https://doi.org/
10.3758/s13423-014-0671-9

Harris, J. R. (2006). No two alike: Human nature and human individuality.
Norton.

Hartshorne, J. K., & Germine, L. T. (2015). When does cognitive function-
ing peak? The asynchronous rise and fall of different cognitive abilities
across the life span. Psychological Science, 26(4), 433–443. https://doi
.org/10.1177/0956797614567339

Helmbold, N., Rammsayer, T., & Altenmüller, E. (2005). Differences in
primary mental abilities between musicians and non-musicians. Journal
of Individual Differences, 26(2), 74–85. https://doi.org/10.1027/1614
-0001.26.2.74

Hirsh, J. B., Deyoung, C. G., & Peterson, J. B. (2009). Metatraits of the
Big Five differentially predict engagement and restraint of behavior.
Journal of Personality, 77(4), 1085–1102. https://doi.org/10.1111/j
.1467-6494.2009.00575.x

Holland, J. L. (1997). Making vocational choices: A theory of vocational
personalities and work environments (3rd ed.). Psychological Assess-
ment Resources.

Jäncke, L. (2009). Music drives brain plasticity. F1000 Biology Reports,
1(10), 78. https://doi.org/10.3410/B1-78

John, O. P., & Srivastava, S. (1999). The Big Five trait taxonomy: History,
measurement, and theoretical perspectives. In L. A. Pervin & O. P. John
(Eds.), Handbook of personality: Theory and research (pp. 102–138).
Guilford Press.

Kragness, H. E., Swaminathan, S., Cirelli, L. K., & Schellenberg, E. G.
(2021). Individual differences in musical ability are stable over time in
childhood. Developmental Science, 24(4), e13081. https://doi.org/10
.1111/desc.13081

Kuckelkorn, K. L., de Manzano, O., & Ullén, F. (2021). Musical expertise
and personality—Differences related to occupational choice and instru-
ment category. Personality and Individual Differences, 173, 110573.
https://doi.org/10.1016/j.paid.2020.110573

Lima, C. F., Correia, A. I., Müllensiefen, D., & Castro, S. L. (2020). Gold-
smiths Musical Sophistication Index (Gold-MSI): Portuguese version
and associations with socio-demographic factors, personality and music
preferences. Psychology of Music, 48(3), 376–388. https://doi.org/10
.1177/0305735618801997

McCrae, R. R., & John, O. P. (1992). An introduction to the five-factor
model and its applications. Journal of Personality, 60(2), 175–215.
https://doi.org/10.1111/j.1467-6494.1992.tb00970.x

Miles, C. C. (1926). The early mental traits of three hundred geniuses.
Stanford University Press.

Mosing, M. A., & Ullén, F. (2018). Genetic influences on musical speciali-
zation: A twin study on choice of instrument and music genre. Annals of

8 VINCENZI ET AL.

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

Ps
yc
ho
lo
gi
ca
lA

ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
tt
o
be

di
ss
em

in
at
ed

br
oa
dl
y.

902

https://doi.org/10.3758/s13428-019-01237-x
https://doi.org/10.3758/s13428-019-01237-x
https://doi.org/10.1177/0305735603031002290
https://doi.org/10.1016/j.paid.2014.10.006
https://doi.org/10.1016/j.paid.2014.10.006
https://doi.org/10.1037/0033-295X.97.3.404
https://doi.org/10.1037/0033-295X.97.3.404
https://doi.org/10.1017/CBO9780511571312
https://doi.org/10.1017/CBO9780511571312
https://doi.org/10.1098/rsos.190232
https://doi.org/10.1098/rsos.190232
https://doi.org/10.3758/s13428-021-01641-2
https://doi.org/10.3758/s13428-021-01641-2
https://doi.org/10.3389/fpsyg.2013.00222
https://doi.org/10.1017/CBO9780511616648.002
https://doi.org/10.1017/CBO9780511616648.002
https://doi.org/10.1016/j.intell.2006.02.001
https://doi.org/10.1016/j.intell.2006.02.001
https://doi.org/10.3389/fpsyg.2020.557807
https://doi.org/10.3389/fpsyg.2020.557807
https://doi.org/10.1525/mp.2011.29.2.195
https://doi.org/10.1037/0022-3514.91.6.1138
https://doi.org/10.3389/fnhum.2013.00762
https://doi.org/10.3758/BF03193146
https://doi.org/10.1207/s15327957pspr0204_5
https://doi.org/10.1016/j.cobeha.2018.07.005
https://doi.org/10.3758/s13423-014-0671-9
https://doi.org/10.3758/s13423-014-0671-9
https://doi.org/10.1177/0956797614567339
https://doi.org/10.1177/0956797614567339
https://doi.org/10.1027/1614-0001.26.2.74
https://doi.org/10.1027/1614-0001.26.2.74
https://doi.org/10.1111/j.1467-6494.2009.00575.x
https://doi.org/10.1111/j.1467-6494.2009.00575.x
https://doi.org/10.3410/B1-78
https://doi.org/10.1111/desc.13081
https://doi.org/10.1111/desc.13081
https://doi.org/10.1016/j.paid.2020.110573
https://doi.org/10.1177/0305735618801997
https://doi.org/10.1177/0305735618801997
https://doi.org/10.1111/j.1467-6494.1992.tb00970.x


the New York Academy of Sciences, 1423(1), 427–434. https://doi.org/10
.1111/nyas.13626

Mosing, M. A., Madison, G., Pedersen, N. L., & Ullén, F. (2016). Investi-
gating cognitive transfer within the framework of music practice:
Genetic pleiotropy rather than causality. Developmental Science, 19(3),
504–512. https://doi.org/10.1111/desc.12306

Mosing, M. A., Madison, G., Pedersen, N. L., Kuja-Halkola, R., & Ullén,
F. (2014). Practice does not make perfect: No causal effect of music
practice on music ability. Psychological Science, 25(9), 1795–1803.
https://doi.org/10.1177/0956797614541990

Mrazek, M. D., Phillips, D. T., Franklin, M. S., Broadway, J. M., &
Schooler, J. W. (2013). Young and restless: Validation of the Mind-
Wandering Questionnaire (MWQ) reveals disruptive impact of mind-
wandering for youth. Frontiers in Psychology, 4, 560. https://doi.org/10
.3389/fpsyg.2013.00560

Müllensiefen, D., Gingras, B., Musil, J., & Stewart, L. (2014). The musi-
cality of non-musicians: An index for assessing musical sophistication
in the general population. PLoS ONE, 9(2) e89642. https://doi.org/10
.1371/journal.pone.0089642

Nussenbaum, K., Scheuplein, M., Phaneuf, C. V., Evans, M. D., & Hartley,
C. A. (2020). Moving developmental research online: Comparing in-lab
and web-based studies of model-based reinforcement learning. Collabra.
Psychology, 6(1), 17213. https://doi.org/10.1525/collabra.17213

Patel, A. D. (2011). Why would musical training benefit the neural encod-
ing of speech? The OPERA hypothesis. Frontiers in Psychology, 2, 142.
https://doi.org/10.3389/fpsyg.2011.00142

Raven, J. C. (1965). Advance Progressive Matrices, Sets I and II. Psycho-
logical Corporation.

Sala, G., & Gobet, F. (2020). Cognitive and academic benefits of music
training with children: A multilevel meta-analysis. Memory & Cogni-
tion, 48(8), 1429–1441. https://doi.org/10.3758/s13421-020-01060-2

Salthouse, T. A. (2009). When does age-related cognitive decline begin?
Neurobiology of Aging, 30(4), 507–514. https://doi.org/10.1016/j
.neurobiolaging.2008.09.023

Sauce, B., & Matzel, L. D. (2018). The paradox of intelligence: Heritabil-
ity and malleability coexist in hidden gene-environment interplay. Psy-
chological Bulletin, 144(1), 26–47. https://doi.org/10.1037/bul0000131

Schellenberg, E. G. (2011). Examining the association between music les-
sons and intelligence. British Journal of Psychology, 102(3), 283–302.
https://doi.org/10.1111/j.2044-8295.2010.02000.x

Schellenberg, E. G. (2020). Correlation = causation? Music training, psy-
chology, and neuroscience. Psychology of Aesthetics, Creativity, and the
Arts, 14(4), 475–480. https://doi.org/10.1037/aca0000263

Schellenberg, E. G., & Mankarious, M. (2012). Music training and emo-
tion comprehension in childhood. Emotion, 12(5), 887–891. https://doi
.org/10.1037/a0027971

Simonton, D. K. (2006). Presidential IQ, openness, intellectual brilliance,
and leadership: Estimates and correlations for 42 U.S. chief executives.
Political Psychology, 27(4), 511–639. https://doi.org/10.1111/j.1467
-9221.2006.00524.x

Simonton, D. K. (2009). Creative genius in classical music. The Psycholo-
gist, 22(12), 1076–1078.

Steele, C. J., & Zatorre, R. J. (2018). Practice makes plasticity. Nature Neuro-
science, 21(12), 1645–1646. https://doi.org/10.1038/s41593-018-0280-4

Sternberg, R. J. (1985). Beyond IQ: A triarchic theory of intelligence.
Cambridge University Press.

Swaminathan, S., & Schellenberg, E. G. (2019). Music training and cogni-
tive abilities: Associations, causes, and consequences. In M. H. Thaut &
D. A. Hodges (Eds.), The Oxford handbook of music and the brain (pp.
645–670). Oxford University Press. https://doi.org/10.1093/oxfordhb/
9780198804123.013.26

Swaminathan, S., Kragness, H. E., & Schellenberg, E. G. (2021). The Musi-
cal Ear Test: Norms and correlates from a large sample of Canadian
undergraduates. Behavior Research Methods, 53(5), 2007–2024. https://
doi.org/10.3758/s13428-020-01528-8

Swaminathan, S., Schellenberg, E. G., & Khalil, S. (2017). Revisiting the
association between music lessons and intelligence: Training effects or
music aptitude? Intelligence, 62, 119–124. https://doi.org/10.1016/j
.intell.2017.03.005

Sylvia, P. J., Nusbaum, E. C., Berg, C., Martin, C., & O’Connor, A.
(2009). Openness to experience, plasticity, and creativity: Exploring
lower-order, high-order, and interactive effects. Journal of Research in
Personality, 43(6), 1087–1090. https://doi.org/10.1016/j.jrp.2009.04.015

Tierney, A., & Kraus, N. (2013). Music training for the development of
reading skills. Progress in Brain Research, 207, 209–241. https://doi
.org/10.1016/B978-0-444-63327-9.00008-4

Wallentin, M., Nielsen, A. H., Friis-Olivarius, M., Vuust, C., & Vuust, P.
(2010). The Musical Ear Test, a new reliable test for measuring musical
competence. Learning and Individual Differences, 20(3), 188–196.
https://doi.org/10.1016/j.lindif.2010.02.004

Wechsler, D. (2011). Wechsler Abbreviated Scale of Intelligence (2nd ed.).
Pearson.

Zhang, J. D., Susino, M., McPherson, G. E., & Schubert, E. (2020). The
definition of a musician in music psychology: A literature review and
the six-year rule. Psychology of Music, 48(3), 389–409. https://doi.org/
10.1177/030573561880403

Received July 16, 2021
Revision received December 5, 2021

Accepted February 3, 2022 n

PROFESSIONAL MUSICIANS AND COGNITIVE ABILITIES 9

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

Ps
yc
ho
lo
gi
ca
lA

ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
tt
o
be

di
ss
em

in
at
ed

br
oa
dl
y.

903

https://doi.org/10.1111/nyas.13626
https://doi.org/10.1111/nyas.13626
https://doi.org/10.1111/desc.12306
https://doi.org/10.1177/0956797614541990
https://doi.org/10.3389/fpsyg.2013.00560
https://doi.org/10.3389/fpsyg.2013.00560
https://doi.org/10.1371/journal.pone.0089642
https://doi.org/10.1371/journal.pone.0089642
https://doi.org/10.1525/collabra.17213
https://doi.org/10.3389/fpsyg.2011.00142
https://doi.org/10.3758/s13421-020-01060-2
https://doi.org/10.1016/j.neurobiolaging.2008.09.023
https://doi.org/10.1016/j.neurobiolaging.2008.09.023
https://doi.org/10.1037/bul0000131
https://doi.org/10.1111/j.2044-8295.2010.02000.x
https://doi.org/10.1037/aca0000263
https://doi.org/10.1037/a0027971
https://doi.org/10.1037/a0027971
https://doi.org/10.1111/j.1467-9221.2006.00524.x
https://doi.org/10.1111/j.1467-9221.2006.00524.x
https://doi.org/10.1038/s41593-018-0280-4
https://doi.org/10.1093/oxfordhb/9780198804123.013.26
https://doi.org/10.1093/oxfordhb/9780198804123.013.26
https://doi.org/10.3758/s13428-020-01528-8
https://doi.org/10.3758/s13428-020-01528-8
https://doi.org/10.1016/j.intell.2017.03.005
https://doi.org/10.1016/j.intell.2017.03.005
https://doi.org/10.1016/j.jrp.2009.04.015
https://doi.org/10.1016/B978-0-444-63327-9.00008-4
https://doi.org/10.1016/B978-0-444-63327-9.00008-4
https://doi.org/10.1016/j.lindif.2010.02.004
https://doi.org/10.1177/030573561880403
https://doi.org/10.1177/030573561880403

	Associations Between Music Training and Cognitive Abilities: The Special Case of Professional Musicians
	Method
	Participants
	Materials and Tasks
	Questionnaires
	Objective Ability Tests

	Procedure

	Results
	Discussion
	References


