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Abstract

The relative importance of nature and nurture for various forms of expertise has been intensely debated. Music
proficiency is viewed as a general model for expertise, and associations between deliberate practice and music
proficiency have been interpreted as supporting the prevailing idea that long-term deliberate practice inevitably results
in increased music ability. Here, we examined the associations (rs = .18-.36) between music practice and music ability
(rhythm, melody, and pitch discrimination) in 10,500 Swedish twins. We found that music practice was substantially
heritable (40%—-70%). Associations between music practice and music ability were predominantly genetic, and, contrary
to the causal hypothesis, nonshared environmental influences did not contribute. There was no difference in ability
within monozygotic twin pairs differing in their amount of practice, so that when genetic predisposition was controlled
for, more practice was no longer associated with better music skills. These findings suggest that music practice may
not causally influence music ability and that genetic variation among individuals affects both ability and inclination to

practice.
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One of the most intensely debated questions in differen-
tial psychology concerns the relative importance of prac-
tice and innate talent for achieving expertise, that is, high
levels of performance within a specific domain (Detterman
& Ruthsatz, 1999; Ericsson, Nandagopal, & Roring, 2005;
Howe, Davidson, & Sloboda, 1998; Ruthsatz, Detterman,
Griscom, & Cirullo, 2008). There is general agreement
that long-term deliberate practice is necessary for high
levels of expert performance—here defined as “consis-
tently superior performance on a specified set of repre-
sentative tasks for a domain” (Ericsson & Lehmann, 1996,
p. 277; Hambrick et al., 2014). A frequently quoted rule
of thumb is that more than 10,000 hr of deliberate prac-
tice are required for expert performance (Gladwell,
2008). Naturally, this number is arbitrary: Young adults
may reach high levels of expertise with considerably less
practice—an average of 5,000 hr has been reported for
samples of expert violinists aged 20 (Ericsson, Krampe, &
Tesch-Romer, 1993)—whereas older experts may greatly
exceed 10,000 practice hours (Ericsson, 2013).

More controversially, several researchers in the field
suggest that deliberate practice is not only necessary for
expertise, but also sufficient to explain differences in
performance ability between experts and novices.
Accordingly, the amount of deliberate practice is the pri-
mary constraint on a person’s expertise, whereas other
factors—such as genetic endowment—are of small or
even negligible importance (Coon & Carey, 1989;
Ericsson, 2002; Ericsson, Krampe, & Heizmann, 1993;
Ericsson et al., 2005; Howe et al., 1998; Krampe &
Ericsson, 1996). A central idea in the expert-performance
Sframework (Ericsson, 2014; Ericsson, Krampe, & Tesch-
Romer, 1993) is that innate talent may be important in
accounting for performance differences between individ-
uals who have practiced for only small or moderate
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amounts of time; long-term deliberate practice, however,
is accompanied by the acquisition of new, domain-
specific cognitive and sensorimotor skills and strategies
that vastly improve performance within the domain and
can circumvent any innate differences in general capacity
(Ericsson, 2014). This is corroborated by the fact that, to
date, there is no scientific support for the idea that elite
performance ability derives from innate talent or capaci-
ties (except for height and body size, which are highly
heritable attributes important in some sports domains;
Ericsson, 2014).

This radically environmentalist position has been
increasingly criticized in recent years. Most individuals
do not become experts despite many hours of practice
(Corrigall, Schellenberg, & Misura, 2013; Hambrick et al.,
2014; Ruthsatz et al., 2008), and growing empirical evi-
dence has shown that variables other than practice (e.g.,
intelligence, personality, or physical traits) influence per-
formance (Corrigall et al., 2013; Ruthsatz et al., 2008;
Tucker & Collins, 2012). Many expertise-related traits
have been shown to be highly genetic (Dubois et al.,
2012; Jang, Livesley, & Vernon, 1996; Posthuma, de Geus,
& Deary, 2009), and even variation in self-rated expertise
in several domains is partly heritable (Vinkhuyzen, van
der Sluis, Posthuma, & Boomsma, 2009). However, little
is known about genetic influences on objective measures
of expertise (Drayna, Manichaikul, de Lange, Snieder, &
Spector, 2001; Ullén, Mosing, Holm, Eriksson, & Madison,
2014). In particular, the importance of genetic influences
on practice as well as the associations between practice
and expert performance have never been systematically
investigated.

One of the most widely studied domains of expertise
is music. A common operationalization of music ability is
sensory discrimination of auditory musical stimuli of vari-
ous types (Seashore, 1919/1960). We recently showed
that, in line with findings by Drayna et al. (2001), such
auditory-discrimination skills are partly heritable (Ullén
et al., 2014). Performance on discrimination tests shows
substantial associations between these skills and music
practice, and professional musicians have been shown to
systematically outperform nonmusicians on such tasks
(Schellenberg & Weiss, 2013). It is commonly assumed
that these associations reflect causal effects of music
practice on music ability (Charness, Feltovich, Hoffman,
& Ericsson, 2006). However, an alternative explanation is
that preexisting differences or other underlying factors
influence practice behavior as well as music ability, which
results in individuals with greater musical talent also
being more likely to engage in music practice (Corrigall
et al., 2013; Schellenberg & Weiss, 2013). Such influences
can even be time lagged, which could account for asso-
ciations found in prospective studies. Individual genetic
variation could be one underlying factor explaining

practice-ability correlations, with the same genes that
influence music ability also influencing voluntary music
practice.

The present study is the first to use a genetically infor-
mative sample—a large twin cohort—to explore the rela-
tionship between music practice and ability and to
address the questions raised above. Our aims were (2) to
estimate genetic influences on music practice and its
covariation with music ability and (b) to explore the
directionality of these relationships. Specifically, we
tested two fundamental predictions based on the causal
model stating that music practice causes differences in
music ability (operationalized as musical auditory dis-
crimination). First, if practice causally influences ability,
all significant influences—shared and nonshared envi-
ronmental as well as genetic—on the predictor variable
(music practice) should also significantly influence the
outcome variables (music abilities). Further, if—as sug-
gested by Ericsson, Krampe, and Tesch-Romer (1993)—
talent, broadly considered as genetic endowment, does
not play a role and anyone who invests enough time in
deliberate practice will develop expertise, we would
expect the relationship between practice and ability to be
largely mediated by nonshared environmental influences.
This can be tested by exploring the significance of genetic
and environmental correlations between practice and
music abilities (Fig. 1a). Second, assuming a causal influ-
ence of practice on ability, if the members of a monozy-
gotic (MZ) twin pair (who are genetically identical) differ
in the amount of music practice, the twin who has prac-
ticed more should possess better music ability (Fig. 1b).
In this model, we controlled for influences of innate tal-
ent on the relationship between practice and ability
because both MZ twins have exactly the same genetic
predisposition.

Method

Participants

Data were collected as part of a Web survey sent out to a
cohort of approximately 32,000 twins born between 1959
and 1985—the Study of Twin Adults: Genes and
Environment (STAGE) cohort (Lichtenstein et al., 2006)—
who are part of the Swedish Twin Registry (STR), one of
the largest registries of its kind (Lichtenstein et al., 2002;
Lichtenstein et al., 2006). The final sample consisted of
10,539 individuals, each of whom had a score for at least
one of the studied traits; the full sample comprised 2,569
full twin pairs—1,211 MZ and 1,358 dizygotic (DZ) twin
pairs—and 5,401 single twins without the cotwin partici-
pating. Participants ranged in age between 27 and 54
years (M = 40.7, SD = 7.7). Single twin individuals were
retained for analysis as they contribute to the estimation
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Fig. 1. Graphic representations of the two models used to test the hypothesis that music practice
has a causal effect on music ability. The first model (a) suggests that given this causal relationship,
the genetic and environmental influences on practice would overlap significantly with the genetic
and environmental influences on music abilities. The second model (b) predicts that in identical
twins, the twin scoring higher on music practice would also score higher on music ability.

of means, variances, and covariate effects. Zygosity was
determined using questions about intrapair similarities
and subsequently confirmed in 27% of the twins in the
STR using genotyping, which showed that the question-
naire-based zygosity determination was correct for more

than 98% of twin pairs. For further details on the STAGE
cohort and zygosity determination in the STR, see
Lichtenstein et al. (2002, 2006). All participants gave
informed consent, and the study was approved by the
regional ethics review board in Stockholm (Diary
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Table 1. Phenotypic Correlations Between Measures of Music Ability and Hours of Practice

Music ability

Hours of practice

Variable Rhythm Melody Pitch Raw Log transformed
Rhythm — 42 .39, .45] 321[.29, .36] 2521, .28] 24 .23, 28]
Melody .38 .35, .40] 41 [.38, .44] .36 [.32, .39] .34 [.30, .37]
Pitch 34[31,.36] .37 .34, .40] — 35 [.34, .38 36 .31, .34]
Raw hours of practice 18 [.15, .21] .29 [.26, .31] .28 .25, .31] — —
Log-transformed hours of practice .21 [.19, .23] .30 [.27, .33] .32 [.29, .34] — —

Note: Values for females are presented below the diagonal, and values for males are presented above the diagonal. All variables were
corrected for sex and age. Values in brackets are 95% confidence intervals.

Numbers2011/570-31/5,2011/1425-31,and 2012/1107/32).
The STAGE cohort members were asked to complete
assessments on several occasions, and the data for the
present study were collected between 2012 and 2013.

Measures

Music practice. Participants were first asked whether
they play an instrument (or actively sing). Those who
responded positively were questioned about the number
of years they practiced during four age intervals (ages
0-5 years, 6-11 years, 12-17 years, and 18 years until the
time of measurement) and how many hours a week dur-
ing each of those intervals they practiced. From these
estimates, a sum-score estimate of the total hours played
during their lifetime was calculated, with nonplayers
receiving a score of zero. As expected, music practice
was positively skewed; many individuals had never prac-
ticed or had done so infrequently. The data were there-
fore log-transtormed, and univariate analyses were
conducted with the transformed and untransformed data.
Given that the results were very similar (Tables 1 and 2)
and that the sample size was large, untransformed data
were used for the final analyses and are reported here.
Self-reported practice estimates have been shown to be
reasonably reliable, with correlations ranging between .6
and .9 (de Bruin, Smits, Rikers, & Schmidt, 2008; Erics-
son, Krampe, & Tesch-Romer, 1993).

Music ability. Music ability was measured using the
Swedish Musical Discrimination Test (SMDT; Ullén et al.
2014), which is similar in construction to the Seashore
test (Seashore, 1919/1960). The SMDT was designed (a)
for online administration, (b) to minimize test time, and
(©) to have a suitable difficulty level for modern popula-
tions in Western countries. The SMDT consists of three
subtests—pitch, melody, and rhythm discrimination—
which are briefly outlined here; for a detailed description
and psychometric validation, see Ullén et al. (2014). To
measure pitch discrimination, we presented 27 trials with

two successive tones that had a pitch difference of
between 1 and 17 Hz; participants had to indicate
whether the second tone was higher or lower than the
first. For the melody-discrimination test, which consisted
of 18 trials, two sequences with four to nine tones each
were presented. One of these tones differed in musical
pitch (e.g., an A might be replaced by a C#). The partici-
pant had to determine which tone in the second sequence
differed from the first. For the rhythm test (18 trials), the
participant indicated whether two rhythmical sequences,
each of which consisted of five to seven brief tones with
the same pitch but different time intervals, were the same
or different.

Separate scores for rhythm, melody, and pitch dis-
crimination were calculated by adding up the number
of correct trials for each domain. The three music abili-
ties were normally distributed without outliers. Auditory
discrimination has repeatedly been shown to be associ-
ated with music practice, and professional musicians
consistently score higher than nonmusicians on tests of
discrimination ability (for a review, see Schellenberg &
Weiss, 2013).

Statistical analyses and genetic
modeling

All variables were converted to z scores. Utilizing the
information of MZ twins (who share 100% of their genes)
and DZ twins (who share only 50% of their genes, on
average), one can partition the population variance in
and between traits into that due to additive genetic (A),
shared environmental (C), and nonshared environmental
(E) influences. Using maximum-likelihood modeling in
the statistical programs Mx (Neale, Boker, Xie, & Maes,
2006; Neale & Maes, 2004) and OpenMX (Boker et al.,
2012; Boker et al., 2011) in R, we fitted multiple bivariate
ACE Cholesky decompositions and estimated A4, C, and E
correlations to test whether genetic and environmental
influences on music practice and ability, and their covari-
ation, were significant (Hypothesis 1). Univariate general
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Table 2. Within-Pair Twin Correlations for Measures of Music Ability and Hours of Practice

Music ability

Hours of practice

Zygosity Rhythm Melody Pitch Raw Log transformed
MZ .51 [.48, .50} 57 .52, .61] .48 [.42, 53] .63 [.60, .60} 62 .58, .66]
DZ .28 [.21, .39] .32 .25, .38] .29 [.21, .33] 40 .36, .44] .38 .33, .44]
MZ females .52 .45, 58] .59 [.53, .64] .45 [.43, .52] 59 [.55, .63] .60 [.55, .64]
MZ males 50 [.39, .58] .53 (.43, .60] .51 [41, .59] 69 [.65, .73] .06 [.59, .72]
DZ females .27 [.14, .39] .25 .13, .30] 33 .20, .44] 44 (.30, .51] .48 [.40, .50]
DZ males 30 [.12, .45] 45 [.30, .50] 49 [.36, .60] 44 [.34, .52] 42 (.27, .54]
DZ opposite sex 28 [.17, .38] .29 [.18, .39] .17 .06, .27] 36 [.29, .42] .28 [.18, .37]

Note: All variables were corrected for sex and age. Values in brackets are 95% confidence intervals. MZ = monozygotic, DZ = dizygotic.

sex-limitation models were fitted first, which allowed for
qualitatively different sources of genetic variance between
the sexes (nonscalar sex limitation). However, qualitative
sex-specific sources of genetic variance were nonsignifi-
cant; therefore, common sex-limitation modeling (uni-
variate and multivariate) was applied subsequently to
allow the ACE estimates to differ quantitatively between
the sexes (i.e., the effect of a factor may be larger on one
sex than on the other—scalar sex limitation).

The MZ twin intrapair-differences model was used to
further explore causal effects of music practice on ability,
specifically, to test whether the twin who trained more
also showed higher ability (Hypothesis 2). The within-
pair difference between the MZ twins was calculated for
the amount of practice and then regressed on the corre-
sponding difference scores of the music-ability variables.
Following the causal hypothesis, we would expect that in
MZ twins, the within-pair difference in music practice
would be positively associated with the within-pair dif-
ference in music ability, which would result in significant
positive regression coefficients.

Results

Females were more likely than males to be actively
involved in music: 80% of women and 62% of men
reported that they played an instrument at some stage in
their life. Among the participants who had played an
instrument, there was a significant sex difference in the
amount of time spent playing, #7769) = 4.68, p < .001;
men played more hours (M = 3,862.42, SE = 72.46) than
women (M = 3,270.86, SE = 52.86), although the effect
size (r = .05) was very small. Further, sex had a small but
significant effect on raw pitch scores, #6715) = 6.98, p <
001, r = .09, with females scoring slightly lower (M =
17.80, SE = 0.07) than males (M = 18.65, SE = 0.10). Sex
had no effect on the other two musical skills. There was
a significant effect of age on hours of music practice,
#(10758) = 13.85, p < .001, r = .13; pitch, #6715) = —5.06,

p <.001, = —.06; and rhythm, #6878) = -9.21, p <. 001,
r = —.11, with more hours of practice and lower pitch-
and rhythm-discrimination skills in older participants.
Therefore, sex and age were included as covariates in all
further twin models.

Phenotypic correlations (Table 1) between hours of
practice and music ability were all significant and moder-
ate, ranging between .18 and .36, which shows that these
variables were associated. Further, a comparison of the
confidence intervals for men and women suggested that
associations between practice and the three music abili-
ties were stronger for males than for females. MZ and DZ
twin correlations suggested that there were potential sex
differences in melody, pitch, and music practice: Some of
the correlations differed significantly across sexes or DZ
groups (with smaller correlations for the opposite-sex
than for the same-sex pairs), as indicated by nonoverlap-
ping confidence intervals (Table 2). Generally, DZ twin
correlations were more than half the MZ twin correla-
tions, which suggests that an ACE model would fit the
data best. The overall pattern of cross-twin, cross-trait
correlations suggested A and C influences as well as
potential sex differences in the covariation between traits
(see Table S1 in the Supplemental Material available
online).

ACE estimates derived from univariate genetic model-
ing are shown in Table 3. Genetic influences on hours of
practice were substantial, explaining 69% of the variance
in males and 41% in females, with additional shared-
environmental influences in females (21%). Music abili-
ties were moderately heritable, ranging between 12%
and 61% (for details, see Ullén et al., 2014). Nonshared
environmental influences were also significant for all
variables. Results of bivariate models testing for the
significance of correlations between practice and music
abilities are shown separately for males and females
in Table 4. In spite of the influences of nonshared envi-
ronment found in the univariate analyses, none of the
nonshared environmental correlations, which ranged
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Table 3. Results of Univariate General Sex-Limitation Modeling Showing Genetic (A4),
Shared Environmental (C), and Nonshared Environmental (£) Influences on Measures

of Music Ability and Hours of Practice

Music ability

Sex and Hours of
component Rhythm Melody Pitch practice
Females
A .521[.23, .59] .61 [.50, .60] .30 [.09, .52] 41 [.26, .50]
c .01 [.00, .10] .01 [.00, .09] .19 .00, .38] .21 .05, .35]
E 47 [41, .54] .38 [.33, .44] .52 .46, 58] .38 [.37, .42]
Males
A 41 [.07, .59] .31 [.05, .53] .12 [.00, .35] .69 [.56, .75]
c 10 .00, .40] 24 .00, .46] 38 .17, .53] .04 .00, .15]
E .49 [41, .59] 45 [.38, .54] .50 [.43, .59] .28 [.24, .31]

Note: All values were corrected for age. For pitch and hours of practice, male and female
estimates could not be equated without significant deterioration of model fit. Heritability estimates
for rhythm, melody, and pitch in this sample have been reported previously (Ullén, Mosing,
Holm, Eriksson, & Madison, 2014). Values in brackets are 95% confidence intervals.

between .00 and .06, contributed significantly to the asso-
ciations between the variables. The genetic correlations,
however, were significantly different from zero (they
ranged between .33 and .57) for all associations except
those between practice and pitch in females, which
seemed to be mediated by shared environmental influ-
ences (r.=.806). Further, in males, the association between
practice and melody as well as between practice and
pitch was also partly due to shared environmental influ-
ences (1, = .79-1.00). Regressions of the MZ intrapair-
difference score of practice hours on the difference
scores of music ability were nonsignificant for melody,
1(698) = -0.79, p = .43, r = .03; pitch, €687) = 1.18, p =
.24, r = .05; and rhythm, #705) = 0.46, p = .64, r = .02.

Discussion

The present study is the first to address causality and
genetic influences in the relationship between music
practice and music ability. In line with past literature
(Schellenberg & Weiss, 2013), the results confirmed that
more music practice is significantly associated with better
music ability (rs = .18-.35). Classical twin modeling
showed that the amount of music practice was surpris-
ingly heritable (40%—-70%), with estimates similar to those
previously reported for music abilities (Ullén et al., 2014).
When testing the first hypothesis under the causality
assumption (i.e., all influences on music practice also
influence music ability), we found that although the
amount of music practice was significantly affected by A4,
C, and E influences, the correlations between practice
and our three measures of music ability were mainly due
to A and (for pitch) some shared C influences, with all E
correlations being small and nonsignificant.

Further, contrary to predictions of the second hypoth-
esis (i.e., in MZ twins, the twin who practices more will
have greater ability), results from intrapair-difference
modeling showed that once all genetic and shared envi-
ronmental factors were controlled for, the association
between music practice and ability disappeared—in
other words, the twin who trained more did not possess
better music abilities. This was despite the fact that some
intrapair differences between twins were as great as
20,228 hr—a practice amount considerably higher than
that reported for many highly skilled experts, including
musicians (Ericsson, 2013; Ericsson, Chase, & Faloon,
1980; Ericsson, Krampe, & Tesch-Romer, 1993).

These findings suggest that, contrary to expectations,
voluntary music practice in the general population may
not causally influence the ability to discriminate musical
sounds. Rather, an underlying common factor, consisting
mainly of shared genes (genetic pleiotropy) with some
additional shared environmental influences, may affect
both music practice and the measures of music ability we
examined here. Which specific genes underlie voluntary
music practicing is unknown, but demographic variables
such as socioeconomic status may explain some of the
shared environmental influences.

Initially, the present findings may seem at odds with
literature on the neuropsychology of skill learning, as
well as common day-to-day observations of practice
effects. It is clear that practicing a musical instrument
results in the acquisition of various skills central to musi-
cal performance. Furthermore, several imaging studies—
some with longitudinal designs—have suggested that
music practice as well as other forms of long-term delib-
erate practice induce plastic changes in the involved
brain regions (e.g., Bengtsson et al., 2005). However, the
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Table 4. Bivariate Sex-Limitation Model-Fitting Results for the
Association Between Hours of Practice and the Measures of
Music Ability

Sex and model  df AIC —2LL A-2LL p
Melody

Females
Saturated 16,962 12,077.94 46,001.94  — —
re=0 16963 12,077.50 46,003.50 156 .21
ry=0 16963 12,075.94 46,001.94 0.00  1.00
r,=0 16,963 12,091.62 46,017.62 15.68 < .01

Males
Saturated 16,962 12,077.94  46,001.94 — —
re=0 16,963 12,082.98 46,008.98 7.03 < .01
r,=0 16963 12,076.55 46,002.55 0.61 43
ry=0 16963 12,093.15 46,019.15 17.21 < .01

Pitch

Females
Saturated 16,893 12,138.37  45,924.37 — —
re=0 16,894 12,146.06 45,934.06 9.68 < .01
;=0 16,894 12,139.56 45,927.56  3.19 .07
r,=0 16,894 12,136.59 45,924.59  0.22 .64

Males
Saturated 16,893 12,138.37  45,924.37 — —
re=0 16,894 12,144.65 45932.65 828 <.01
re=0 16,894 12,136.54 45,924.54 0.17 .68
ry=0 16,894 12,143.03 45931.03 6.66 < .01

Rhythm

Females
Saturated 17,050 12,587.54 46,687.54 — —
re=0 17,051 12,586.14 46,688.14 0.60 .44
ry=0 17,051 12,585.55 46,687.55 0.01 .95
r,=0 17,051 12,593.70 46,695.70 8.16 < .01

Males
Saturated 17,050 12,587.54 46,687.54 — —
ro=0 17,051 12,586.92 46,688.92 1.38 24
;=0 17,051 12,586.85 406,688.85 1.31 25
ry=0 17,051 12,590.22 46,692.22 4.68 < .05

Note: All values were corrected for age. In the saturated (full) model,
the additive genetic (4), shared environmental (C), and nonshared
environmental (£) correlations between practice and music ability
were allowed to vary. This model was compared with three reduced
models, in each of which one of the correlations was set to zero.
AIC = Akaike information criterion, —2LL = -2 log likelihood.

music abilities measured here can presumably be
regarded as more general sensory capacities used to pro-
cess musically relevant auditory information. In contrast,
the skills that improve from playing an instrument may
be more domain specific, involving the acquisition of
instrument-specific sequential motor skills, score reading,
and memorization. It is likely that the observed effects of
music practice on the brain predominantly reflect the
development of such specific skills, rather than the
improvement of a general ear for music.

Another explanation for the observed associations, in
line with the finding of an underlying genetic factor, is
that individuals seek out leisure activities they are good
at. Success may, in turn, provide further reward, internal
or external, and the incentive to continue practicing (de
Geus & de Moor, 2008). This explanation suggests an
active or reactive gene-environment correlation; how-
ever, passive gene-environment correlation may also play
a role, with genetic influences accounting for increased
abilities also contributing to a more favorable environ-
ment for further development (Plomin, DeFries, &
Loehlin, 1977).

The present findings challenge several conventional
beliefs in the fields of expertise research and differential
psychology, as well as in society, about the nature of the
relation between music practice and performance. First,
the discussion of the relative importance of practice and
other variables for skilled performance has often been
framed in terms of nurture versus nature. Our findings
clearly illustrate that, in the context of practice effects on
expertise, this is a false dichotomy. Genes and environ-
ment are important for essentially any behavior (Plomin,
Shakeshaft, McMillan, & Trzaskowski, 2014), and practice
is no exception. This is a strong indication that extreme
environmentalist models of expertise (e.g., “practice is
everything”) are untenable. However, it should be
emphasized that a high heritability of music practice does
not imply genetic determinism. The present findings are
compatible with the possibility that environmental inter-
ventions could stimulate deliberate practice in individu-
als who show little spontaneous motivation for sustained
effort (Plomin et al., 2014).

Second, although there is general awareness that cor-
relation does not imply causation, a noncausal relation-
ship between music practice and ability is rather
surprising in studies of expert performance. It is tempting
to assume that such a relation reflects learning, but the
present findings suggest that associations between music
practice and musical auditory discrimination can largely
be explained by preexisting individual differences. So,
contrary to past beliefs, it may be that different individu-
als choose different leisure activities rather than that
music practice makes individuals different. Finally, the
present findings show that existing studies on differences
between musicians and nonmusicians need to be inter-
preted with caution. This is obviously true for cross-
sectional studies, which constitute the vast majority of the
published literature (Schellenberg & Weiss, 2013); how-
ever, differences found in longitudinal studies without
random assignment (e.g., Hyde et al., 2009) could also
reflect genetic differences between individuals who vol-
untarily engage in long-term music practice and those
who do not. Past research may thus have overestimated
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the effects of music practice and too quickly concluded
that a phenotypic relationship implies practice effects.

We cannot rule out more complex mechanisms under-
lying the associations explored here, such as reverse or
reciprocal causality or combinations of shared genetic
factors and causal effects of music practice. These can
theoretically be studied using direction-of-causation
models (Duffy & Martin, 1994), but one requirement of
these models is that the heritability of the predictor and
outcome variables must be significantly different, which
was not the case here. Past studies providing evidence
that variables other than practice may be important for
expertise have been subject to criticism, typically on the
grounds that the studied population, range of practice,
domain, or task fail to meet reasonable criteria, and
therefore the findings do not qualify as valid examples of
real-life expertise at a high level (Ericsson, 2014). The
present sample consisted of a large adult twin cohort that
included many individuals with thousands of practice
hours and professional engagements as musicians. The
ability to discriminate melodies, rhythms, and pitches
was measured—abilities obviously central for real-life
music performance. Indeed, musicians systematically
outperform nonmusicians on such tasks; however, results
may have differed if a different measure of music ability
had been used (e.g., success in the musical world). In
summary, the present findings are highly relevant not
only for the neurobiology of learning in general, but also
for the understanding of the development of expertise
and the nature of relation between practice and expert
performance.
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