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An exciting and relatively recent avenue of scientific investigation focuses on
plasticity, which refers to a living organism’s capacity to change due to experi-
ence. Neuroplasticity refers more specifically to changes in brain structure and/
or function. This phenomenon became popularized after the publication of
The Brain That Changes Itself (Doidge, 2007). Although the book was written
for a general audience, it was well received, garnering positive reviews from
the popular press (e.g., The Guardian, The New York Times), neuroscientists
(e.g., Michael M. Merzenich, Vilayanur S. Ramachandran), and intellectuals
and artists (e.g., Yoko Ono, Jeanette Winterson). It provided an accessible
review of research, documenting primarily how the brain works to heal and
reorganize itself in the face of trauma or atypical development, sometimes in
response to specific interventions, but sometimes more or less on its own.

Because neuroplasticity has profound implications for health in general
and rehabilitation in particular, it remains a focus of much neuroscientific
research. Most of the available literature includes typically developing indi-
viduals as participants, however, which raises a different question: do the neu-
roplastic consequences that are observed after brain trauma extend to typical
brains? For example, it is one thing to document how the brain reorganizes
itself after left hemisphere damage, such that language use becomes more of
a right hemisphere function. It is quite another thing to speculate that indi-
vidual differences in experience and learning, such as differences in amount
of music training, influence brain structure and function in a systematic way
among typically developing individuals.

The word systematic is crucial. From a personal perspective, I have no doubt
that my development, behavior, and brain structure were affected by waking
up early before school as a child to practice the piano, on a daily basis, from
the age of 5 until I was 16. It is much less clear, however, that a similar history
of childhood experience would engender similar effects for another person.
After all, development is the result of an interaction between genes and the
environment, such that the consequences of years of piano training would
almost certainly be influenced by preexisting traits and behaviors (e.g., Ullén,

Hambirck, & Mosing, 2016).
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The focus of the present chapter is on music training, and whether it has
systematic consequences that extend beyond musical knowledge and ability,
which are obvious outcomes, to nonmusical cognitive abilities, which are far
less obvious. The overarching thesis is that a focus on plasticity, particularly
by neuroscientists, has led to an imbalance between the relative emphasis
placed on nature and nurture—a kind of radical environmentalism. I use the
term “radical” to describe a tendency to interpret correlational findings as evi-
dence of causation, specifically that music training causes systematic effects
on brain development, which then extend to behavior. This interpretation,
which ignores the role of preexisting individual differences, is further belied by
(1) an apparent obliviousness about the genetic contribution to most human
behaviors and traits, and (2) centuries of evidence that near-transfer effects
tend to be relatively small, whereas far transfer is virtually nonexistent.

Genetics

In this section, I argue that musicians are as much born as they are made.
Claims that music training represents a good or an ideal model for the study
of plasticity (e.g., Herholz & Zatorre, 2012; Hyde et al., 2009; Jincke, 2009;
Miinte, Altenmiiller, & Jincke, 2002; Schlaug, 2001; Strait & Kraus, 2014)
rest on the assumption that musically trained and untrained individuals differ
only in music training, which is untrue. Rather, music training is at least partly
confounded with other variables, including cognitive abilities, personality,
and demographics (Corrigall, Schellenberg, & Misura, 2013). In other words,
whether one becomes a musician is not akin to random assignment. Conse-
quently, comparisons of musically trained and untrained individuals cannot
lead to clear interpretations of a causal role for the training, unless research-
ers (1) assign individuals randomly to music training and appropriate control
conditions for many years, which is unadvisable because of attrition and artifi-
ciality, or (2) measure all possible confounding variables with perfect accuracy,
hold them constant in the statistical analyses, and argue persuasively that the
reverse causal direction is implausible. Some scholars claim that evidence of
an association between “dose” (years of music training) and “response” (per-
formance on a nonmusical variable, size of a brain region) allows for infer-
ences of causation. This is also untrue because confounding variables have a
similar dose-response association with music training (Corrigall et al., 2013).
General cognitive ability, which is typically measured with tests of IQ, has
a strong genetic component (Deary et al., 2012; Mackintosh, 2011; Plomin &
von Stumm, 2018). Contrary to what one might expect, the genetic contribu-
tion increases as individuals age, with heritability reaching over 60% by old
age (Deary et al., 2012; McClearn et al., 1997). This increase—or genetic
amplification (Plomin & DeFries, 1985)—is thought to be due to the fact that
as individuals age, they are more likely to be found in environments that match
their genetic potential (i.e., a gene-environment correlation; Scarr & McCa-
rtney, 1983). In other words, as we get older, genes increasingly determine the
environments we are in, which in turn magnify our genetic predispositions.
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Music training is likely to work similarly, with predispositions (re: gen-
eral cognitive ability, personality, and music aptitude) influencing who takes
music lessons, which then, potentially, magnify these predispositions. Socio-
economic status (SES) also plays a role, because music lessons cost money,
and parents need to be supportive and cooperative. Although SES seems likes
a prime example of an environmental influence, IQ predicts many markers
of SES, such as years of education, income, occupational status, and lifetime
achievement (for review see Mackintosh, 2011; Wai, Worrell, & Chabris,
2017). In short, because SES co-varies with IQQ, it is a variable that incorpo-
rates influences of genes and the environment.

Another variable that co-varies with music training is personality, particu-
larly the trait called openness-to-experience. Openness refers to intellectual
curiosity, or an interest in new ideas, novelty in general, and aesthetics and
the arts. The genetic contribution to openness is substantial, although slightly
smaller than it is for general cognitive ability (Bouchard & McGue, 2003;
Power & Pluess, 2015; Vernon, Martin, Schermer, & Mackie, 2008). Moreo-
ver, twin studies confirm that the association between openness and cumula-
tive duration of music practice is higher among monozygotic than dizygotic
twins (Butkovic, Ullén, & Mosing, 2015). Finally, and perhaps most impor-
tantly, music aptitude is a marker of general intelligence (Swaminathan &
Schellenberg, 2018a; Swaminathan, Schellenberg, & Khalil, 2017; Swami-
nathan, Schellenberg, & Venkatesan, 2018). This correlation appears to be
explained by genetics but not by shared or nonshared environment (Mosing,
Pedersen, Madison, & Ullén, 2014). A different genetic component provides
additional but independent explanatory power of associations among differ-
ent tests of aptitude, specifically those that measure the discrimination of
tone sequences based on rhythm, melody, or pitch (Mosing, Pedersen et al.,
2014). Heritability estimates for these tests range between 12% and 59%,
with shared-environment effects evident only on the pitch task, and only for
males (Ullén, Mosing, Holm, Eriksson, & Madison, 2014). In short, unless we
assume that music aptitude is unrelated to music training, which is nonsensi-
cal, taking music lessons has at least two genetic components: one related to
general intelligence, the other to music-specific listening skills.

The contribution of genetics to music training is further documented by
findings showing that musical skill and achievement are much more than just
practice (Hambrick & Tucker-Drob, 2015; Macnamara, Hambrick, & Oswald,
2014), as some scholars used to claim (Ericsson, Krampe, & Tesch-Romer,
1993; Howe, Davidson, & Sloboda, 1998). Notably, twin studies reveal that
the link between practicing music and musical ability is stronger among
monozygotic than among dizygotic twins (Mosing, Madison, Pedersen, Kuja-
Halkola, & Ullén, 2014). In fact, individual differences in practicing music—
typically considered to represent an environment influence—are actually
heritable to a substantial degree (i.e., 40%—70%; Hambrick & Tucker-Drob,
2015; Mosing, Madison et al., 2014). Moreover, when differences between
monozygotic twins are analyzed on their own (thereby ruling out a role for
genetics), practice is unrelated to musical ability as measured by an aptitude
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test (Mosing, Madison et al., 2014). Nevertheless, for individuals who have
the genetic potential, practice is essential to becoming musically accomplished
(Hambrick & Tucker-Drob, 2015).

Other findings from twin studies suggest that the link between amount of
music training and fluid intelligence “is mostly due to shared genetic influ-
ences” (Mosing, Madison, Pedersen, & Ullén, 2016, p. 504). This result raises
doubts about the proposal that music training causes increases in general cog-
nitive ability. Rather, higher-functioning individuals may be more likely than
other individuals to take music lessons and practice music, particularly for long
durations of time. Recent results reveal, moreover, that identical twins are more
likely than fraternal twins to play the same instrument and the same genre of
music (Mosing & Ullén, 2018). In other words, genetics appears to play a role
in the instrument one plays, and the genre of music one chooses to play.

Transfer

Transfer refers to situations in which learning and knowledge in one domain
lead to faster learning or better performance in a different domain. Near trans-
fer occurs between domains that are closely related, such as if learning and
improvement on one test of working memory (e.g., n-back) lead to better
performance on a different test of working memory (e.g., counting span). Far
transfer, by contrast, occurs between two domains that differ substantially,
such as if working memory training leads to better performance on a test of
fluid intelligence. Claims that music training leads to benefits in nonmusical
cognitive domains are claims of far transfer.

The concept of far transfer is central to the belief in a liberal-arts educa-
tion. Most people in the developed world think that completing a university
degree has cognitive benefits that extend beyond the actual courses one takes.
For more than 100 years, however, results from laboratory studies indicate
that far transfer is much less likely than near transfer, and that transfer is
most likely when the learning and transfer domains have considerable overlap
(Thorndike & Woodworth, 1901). In applied contexts, interventions such as
Head Start are based on the idea that far transfer can ameliorate poor cognitive
abilities that are often evident in young children from poor families. Never-
theless, these sorts of interventions have only modest success at best, and there
is almost no evidence of long-term cognitive benefits (Love, Chazan-Cohen,
Raikes, & Brookes-Gunn, 2013; U.S. Department of Health and Human Ser-
vices & Administration for Children and Families, 2010).

In the present climate of enthusiasm for plasticity, commercial software
developers and scholars have resurrected interest in the possibility of far-
transfer effects and stimulated much scholarly debate. An overview of pub-
licly available “brain-training” programs (e.g., CogMed, Lumosity) came to a
conclusion, however, that closely matched the one reached by Thorndike and
Woodworth 115 years earlier (Simons et al., 2016). Training clearly improved
performance on the actual task that was trained, but the effects were much
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weaker for closely related transfer tasks, and virtually nonexistent for distantly
related tasks.

Basic research on far transfer has focused on working memory training in
the laboratory. In a recent meta-analytic review (Melby-Lervig, Redick, &
Hulme, 2016), working memory training led to improvements on non-trained
tests of working memory, but these were short lived. There was no evidence
of far-transfer effects, however, particularly for studies that had active control
groups. (With passive control groups, observed effects could be due to other
aspects of the training program.) Finally, the magnitude of improvements
in working memory was not related to the magnitude of far-transfer effects,
which undermines the possibility that far transfer actually occurred.

Some findings suggest that positive results from working memory training
are evident with particular learning protocols (Jaeggi, Buschkuehl, Jonides, &
Perrig, 2008; Jaeggi, Buschkuehl, Jonides, & Shah, 2011). For example, one
meta-analysis concluded that n-back tasks lead to improvements in fluid intel-
ligence (Au et al., 2015). A more detailed follow-up meta-analysis, which
included a larger number of original studies, reached a different conclusion.
N-back training led to improvements on novel n-back tasks, but transfer
effects to other working memory tasks and to fluid intelligence were mini-
mal and independent of the amount of training (Soveri, Antfolk, Karlsson,
Salo, & Laine, 2017). In a meta-analysis of studies with typically developing
children from 3-16 years of age, working memory training transferred to other
tests of working memory, but far-transfer effects to fluid intelligence and aca-
demic skills were very small (Sala & Gobet, 2017c). The authors concluded,
therefore, that “far transfer rarely occurs and its effects are minimal” (p. 671).
This result is germane to the present chapter because music lessons are usually
taken by typically developing children.

One might wonder about the applied relevance of transfer effects. Perhaps
working memory training is more effective in this regard among people who
need it the most. If this were the case, targeted interventions could be impor-
tant for ameliorating cognitive deficits, even if they are less important more
generally. Although this is a reasonable hypothesis, the evidence actually sug-
gests otherwise. For example, in a study that included 23 training sessions,
adult participants who began the training with good working memory abilities
actually improved the most, and there was no evidence of far transfer to differ-
ent tasks (Foster et al., 2017).

In short, although tests of fluid intelligence (e.g., Raven’s matrices) place
demands on working memory, actual training in working memory does not
seem to influence performance reliably. Even near-transfer effects to other tests
of working memory are transient. Learning and performing music also place
demands on working memory, but the training process is much less focused. If
intensive laboratory-based procedures fail to produce far transfer, one has to
question why music training would lead to particularly distant transfer effects.
Perhaps the long timescale (i.e., year of lessons compared to weeks of lab-
based training) is implicated, or the fact that much of nonmusical learning
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(re: working memory and other executive functions) is implicit rather than
explicit. Music training also involves sensory-motor integration and goal-
oriented decision making, which could improve performance on tests of fluid
intelligence. In any event, causal evidence regarding these hypotheses is dif-
ficult to obtain.

Music Training and Nonmusical Cognitive Abilities

Music training is associated positively with performance on a wide variety of
nonmusical tasks. Consequently, positive findings are plentiful and research
in this area has been rambunctious for several years. For example, a search of
PsycINFO (29 May 2018) with keywords “music training” or “music lessons”
revealed 455 sources published since the year 2000. My colleagues and I have
previously provided detailed reviews of the documented associations (Schel-
lenberg, 2016; Schellenberg & Weiss, 2013; Swaminathan & Schellenberg,
2016, 2018b). In each case, we concluded that music training had moderate
positive associations with performance on tests of general cognitive ability
(e.g., IQ, working memory), language ability (speech perception, vocabulary),
and visuospatial skills (visual search, mental rotation).

We also concluded that the evidence for a causal role for music training is
very weak. Recent reviews from other research teams reached similar conclu-
sions (Benz, Sellaro, Hommel, & Colzato, 2016; Dumont, Syurina, Feron, &
van Hooren, 2017), specifically that there is suggestive evidence that music
training improves cognitive abilities, but that the jury is still out regarding
the causal role of music training and the underlying mechanisms. By contrast,
Costa-Giomi (2012, 2015) considers the evidence showing that music train-
ing confers intellectual benefits to be convincing in the short-term (after 1 or
2 years of lessons), but she also notes that nonmusical individual differences
complicate the issue of longer-term effects by influencing who takes music
lessons and practices for years on end. A notable exception is that music train-
ing, particularly when it focuses on rhythm perception, appears to improve lis-
tening skills that are required for perceiving and isolating the sounds of speech
(i.e., phonological awareness), at least for some populations (e.g., young chil-
dren, children with dyslexia).

In the review of the literature that follows, I focus on evidence from lon-
gitudinal studies published since 2000. Before I begin, let me summarize the
issues that inform my critique. Some scholars argue that longitudinal research
allows for inferences of causation even when participants are not assigned
randomly to the music training and control conditions (e.g., Hyde et al., 2009;
Tierney, Krizman, & Kraus, 2015). Their point is that if group differences are
absent before the intervention begins, any differences that are evident after-
ward must be due to the different experiences. This view ignores the possibility
of genetic innovation, specifically that some genetically determined behaviors
emerge later in development (Plomin, DeFries, Knopik, & Neiderhiser, 2016).
For example, gene-influenced individual differences in a nonmusical ability
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might be evident at 6 years of age but not at 5 years. Moreover, other envi-
ronmental effects that are correlated with music training, such as SES, could
affect phenotypical behavior differently at different points in time. Affluence,
for example, could have little to no effect on a toddler’s personality but a large
effect for a teenager. In short, it is cavalier to assume that children and their
families who opt to take music lessons are identical to other families, except
for the decision to enroll in music training.

A related complication when self-selection is involved concerns the way
group equivalence is determined before the intervention. Simply document-
ing that groups do not differ significantly (with p > .05) on some variables
is not the same thing as “matching” groups. This is a problem in longitudi-
nal designs (e.g., Norton et al., 2005; Habibi et al., 2014), but even more so
for cross-sectional designs when potential confounding variables are not held
constant in the analysis (e.g., Mongelli et al., 2017).

A separate issue concerns how participants are assigned to the interven-
tion and control groups. Rather than assigning children randomly and indi-
vidually (e.g., Schellenberg, 2004), it is often more convenient or practical
to provide an intervention to preexisting groups of children (e.g., some kin-
dergarten classes), while assigning other groups (other kindergarten classes)
to the control condition (e.g., Gromko, 2005; Jaschke, Honing, & Scherder,
2018; Portowitz, Lichtenstein, Egorova, & Brand, 2009; Rauscher & Zupan,
2000). Even though these groups may be assigned randomly to the condi-
tions, the design is sub-optimal because other factors that distinguish the
groups (e.g., teaching quality, intragroup dynamics) could influence whether
an intervention is successful. Thus, studies with group assignment designs are
not considered further.

Another complicating factor is the choice of an appropriate control condi-
tion. Often, the control group does nothing in place of the music training
intervention. Such passive control groups preclude the possibility of a clear
interpretation of subsequent group differences, which could have stemmed
from nonmusical aspects of the experience (e.g., more contact with an adult,
more time spent in a structured learning environment). Ideally, the control
group should be involved in some nonmusical training that is as similar as
possible to music lessons, but without the music. For example, an active con-
trol group could involve painting training, drama lessons, or instruction in a
foreign language, taught at approximately the same time of day as the music
lessons, at a similar location, with similarly qualified instructors.

In the selective overview that follows, I first review studies with more-or-
less optimal designs, followed by those with designs that are less than optimal
(i.e., passive controls, self-selection into music training).

Longitudinal, Random Assignment, Active Controls

Let us first consider studies that included random assignment and an active
control group. Schellenberg (2004) recruited 144 6-year-olds who were
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assigned randomly and individually to a year (36 weeks) of weekly keyboard,
vocal (Koddly method), drama (active control), or no lessons (passive con-
trol). All lessons were provided free of charge and taught in groups of six chil-
dren, at the same location, with similarly qualified instructors. Attrition over
the course of the study was moderate (8.3%), leaving 132 children for the data
analysis. Pre- to post-test improvements in IQQ were greater for the children
in the two music groups, who did not differ, compared to children in the two
control groups, who did not differ. More detailed analyses revealed that the
two music groups had larger improvements than children in the no-lessons
group, but direct comparisons with the drama group led to inconsistent results
(i.e., null, marginal, or significant), depending on the analysis (Schellenberg,
2005-2006). At post-test, it became apparent from parent reports that the
children practiced minimally between lessons, which raises questions of eco-
logical validity. The same children were invited back to take a test of their
ability to decode the emotions conveyed by prosody in speech (Thompson,
Schellenberg, & Husain, 2004). For one comparison (anger vs. fear), the key-
board and drama children outperformed the control children. It is unclear why
the keyboard and vocal group performed differently, but attrition was substan-
tial (only 30% of the original 144 participated) so the findings are equivocal.

In a large-scale attempt to replicate and extend the original Schellenberg
(2004) findings to academic achievement (mathematics and literacy), 909
2nd-graders from 19 different schools in the UK were assigned randomly to
string lessons (violin or cello), singing lessons based on the Kod4ly method,
or drama lessons (Haywood et al., 2015). Children were pretested with stand-
ardized tests at the end of 1st grade, and post-tested a year later after taking
32 weeks of weekly, 45-min lessons, in groups of approximately 10 children.
Acttrition was modest (10.5%), leaving 814 children in the sample at post-test.
Children from all three groups performed similarly at post-test (controlling for
pre-test scores), and neither music group had larger improvements in math-
ematics or literacy compared to the drama group. In fact, effect sizes were close
to 0 (ds < .05), even when the two music groups were collapsed and compared
to the drama group. The findings were identical when the analyses were lim-
ited to children from low-SES families. Unfortunately, details of the study
were published in an “evaluation report and executive summary”!, but not in
an academic journal. Nevertheless, the information provided in the report
suggests that the design, method, and analysis were meticulous. Although one
can never prove the null hypothesis, the power afforded by the large sample
size implies that if music confers nonmusical, cognitive benefits that extend to
academic achievement, such effects are very small indeed.

Besson and her colleagues assigned children individually to music or painting
training. Instead of true randomization, the authors used pseudo-randomization,
to ensure that the two groups were equivalent at pre-test on the measures
of interest. In the first study, after 6 months of two 75-min lessons per week,
8-year-olds in the music group could read irregularly spelled words better than
children in the painting group, but on two other reading tests, the groups had
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similar improvement (Moreno et al., 2009). The music group was also better
at detecting subtle pitch anomalies in speech (one word in a sentence shifted
in pitch), but not in music (one note in a melody shifted in pitch). Finally,
the music group had stronger electrophysiological (ERP) responses to pitch
anomalies in speech and music. Because the music and speech tasks involved
changes in pitch, these results are best considered as examples of near transfer.
The reading result appears to provide evidence of far transfer, but the findings
are far from conclusive because of the small sample sizes (n = 16 per group).

In a second study, the design was similar except that 8-year-olds took music
or painting lessons for two years, six months per year. At the end of the study,
the children in the music group had larger mismatch negativity (MMN)
responses to syllables that were altered in duration or voice-onset time, but
not in vowel frequency (i.e., pitch), which seems counter-intuitive (Chobert,
Frangois, Velay, & Besson, 2014). After the first year, the music group was also
better at a task that required them to identify whether sequences of three sylla-
bles were similar to those heard during an exposure phase (Francois, Chobert,
Besson, & Schon, 2013). This advantage was even greater by the end of the
second year, and ERP responses paralleled the behavioral results. During the
exposure phase of the task, however, individual syllables were matched one-
to-one with different tones, which likely provided a better learning cue for
the music group than for the painting group. In other words, the data provide
no behavioral evidence for far transfer, and the electrophysiological data are
confusing. As in the first study, the sample sizes were small (n = 12 per group).

Another pair of studies tested whether six weeks of child-centered music
or visual-arts training leads to cognitive benefits among 4-year-olds (Mehr,
Schachner, Katz, & Spelke, 2013). Lessons were provided to groups of 7-8
children, each of whom was accompanied by a parent. In the first study, chil-
dren in the music group (n = 15) had marginally higher performance at post-
test on one measure of spatial abilities (map use/navigation), whereas children
in the visual-arts group (n = 14) had marginally higher performance on a sec-
ond measure (visual form analysis). The second study was the same except
that children in the music group (n = 23) were compared to a passive control
group (n = 22), and no effects were found. Null findings also emerged when
children from the two studies were combined. The null result could be due to
the small sample sizes, or because children had only 4.5 hours of training in
total. Nevertheless, if there is an effect of music training on nonmusical cogni-
tive abilities, it appears to be relatively small.

Two other studies used pedagogies that were markedly different from those
of typical music lessons. Degé and Schwarzer (2011) asked whether phono-
logical awareness could be improved by music training. Phonological aware-
ness is an important prerequisite for learning to read. The authors assigned
5- and 6-year-olds to 20 weeks of daily 10-minute training in music (primar-
ily listening), explicit training in phonological awareness, or sports (partici-
pant numbers per group, ns = 13-14). Improvement from pre- to post-test
was virtually identical for the music and phonological-awareness groups, but
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no improvement was evident for the sports group. These results are some of
the most clear-cut in the literature, but the samples were small, and attrition
was substantial (25%). Nevertheless, the authors successfully replicated the
findings with a new sample of children from immigrant families (Patscheke,
Degé, & Schwarzer, 2016).

Finally, Moreno et al. (2011a) assigned preschoolers to computer-based
training in music listening or visual arts, five days per week for four weeks.
Children were pre- and post-tested on measures of vocabulary, spatial abil-
ity (block design), and attention/inhibition (go/no-go). Improvements were
evident for only the music group on the measures of vocabulary and atten-
tion/inhibition. In the latter case, ERPs were also correspondingly larger
for the music group. Another test that required children to match arbitrary
symbols with words showed inconsistent results: The music group had larger
improvements in one analysis (ANCOVA) but not in another (mixed-design
ANOVA; Moreno, Friesen, & Bialystok, 2011b). In a follow-up study, the
visual-art (control) program was replaced with a second language (French)
program (Janus, Lee, Moreno, & Bialystok, 2016). Both groups showed similar
improvements over the four weeks on tests of verbal and nonverbal executive
functions. In other words, the French-language control program was as benefi-
cial as the music program.

Other results suggest that phonological awareness and early reading skills
can be enhanced among atypically developing children—children with
dyslexia—after they take music lessons that focus specifically on rhythm. A core
deficit in dyslexia appears to be one of temporal processing (Goswami, 2011),
such that the deficit in reading ability is predicted by temporal-processing
difficulties in speech (Leong & Goswami, 2014) and in music (Flaugnacco
et al., 2014; Goswami, Huss, Mead, Fosker, & Verney, 2013; Huss, Verney,
Fosker, Mead, & Goswami, 2011). Flaugnacco et al. (2015) assigned 8- to
11-year-old children with dyslexia to seven months of training in music or
painting for two hours per week. The music training was based on the Kodaly
method, but modified to focus on rhythm and temporal processing. After the
intervention, the music group had larger improvements on tests of rhythm
skills, as one would expect. More importantly, the music group also had larger
improvements in phonological awareness and on tests that required them to
read aloud text or pseudo-words.

If we consider these “best designed” studies as a whole, what can we con-
clude? The Schellenberg (2004) results are weak, without successful replication
for almost 15 years. The null results from the large UK study are particularly
disheartening (Haywood et al., 2015). If music lessons cause increases in non-
musical cognitive ability, the effect appears to be very small. Besson’s studies
(Chobert et al., 2014; Frangois et al., 2013; Moreno et al., 2009) suggest that
electrophysiological responses to speech become stronger and more reliable
as a consequence of music lessons, but the behavioral results are weak, per-
haps because of small samples. The most reliable results come from studies
of rhythm-based training, which appear to improve phonological awareness
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among young children who are learning to read, and among children with
dyslexia who have difficulty reading. Such improvements may, in turn, lead to
improvements in reading.

It remains unclear, however, just how “musical” the music training has to
be in order to see these effects. For example, Thomson, Leong, and Goswami
(2013) compared a seven-week, thythm-based intervention to one that used
commercial software specifically designed to improve phonological awareness.
A third group was a passive control group. Both interventions improved pho-
nological awareness relative to controls. The most musical components of the
rhythm intervention involved (1) copying a rhythm on a drum as a warm-up
activity, and (2) moving the middle tone of a three-tone sequence forward or
backward in time to make the sequence isochronous. In short, music per se
may not be necessary to see beneficial effects of thythm training on phonologi-
cal awareness, although incorporating music into the training regimen may
make the experience more enjoyable.

Finally, some findings stand out as anomalies. For example, one would
expect that better phonological awareness leads to improvements in reading
aloud nonwords, for which grapheme-phoneme matching is regular, but not
necessarily to reading irregularly spelled words (e.g., thyme, cello; Moreno
et al.,, 2009). Moreover, there is no obvious mechanistic explanation that
would motivate one to predict that short-term but relatively intense music-
listening training improves vocabulary (Moreno et al., 2011a).

Longitudinal, Random Assignment, Passive Controls

The next group of studies included random assignment, which eliminates
the role of self-selection, but passive control groups, which make the findings
impossible to interpret unequivocally. In one such study, Iranian 5-year-olds
were assigned randomly to 13 weeks of music lessons (Orff method) or to no
lessons (Kaviani, Mirbaha, Pournaseh, & Sagan, 2014). Both groups (ns = 30)
were matched for age, gender, and SES, and they took the Farsi version of
the Stanford-Binet IQ test before and after the intervention. The children
in the music group had larger increases in IQQ compared to the control group,
which stemmed from greater improvement in visual/abstract and verbal rea-
soning. Although these results parallel the findings of Schellenberg (2004),
the increases in performance cannot be attributed without doubt to music
training. Other interventions could have the same effect.

In another study of low-income Hispanic children living in Los Angeles,
Kraus and her colleagues recruited families of 6- to 9-year-olds, who were on
a waiting list for a community-based music program. Enrollment in the study
guaranteed a place in the program either right away (Group 1) or a year later
(Group 2), with group assignment determined pseudo-randomly. Thus, Group
2 served as a passive control group during the first year. At the end of the year,
Group 2 exhibited a decline in age-normed reading level, which is normal in
this population, but Group 1 did not (Slater et al., 2014). After the second
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year, Group 1 had larger improvements in speech-in-noise perception com-
pared to Group 2 (Slater et al., 2015). The authors concluded that music
training causes improvement in the perception of speech in noise after two
years of training but not after one year. In other words, more training was
associated with better performance.

The results are less than compelling, however, because in a sample of low-
SES children, the structure and routine of being involved in any extra-curricular
activity could improve motivation, self-esteem, and performance on many
tests. This perspective helps to explain the widespread popularity of EI Sistema,
and why children who were more engaged in the music program (i.e., with the
best attendance and participation) also tended to show the largest increases in
reading ability and strongest neural encoding of speech at the end of the study
(Kraus, Hornickel, Strait, Slater, & Thompson, 2014). The very small sample
sizes (n = 19 per group at the end of the second year in Slater et al., 2015) and
the data analysis are also problematic. Instead of using multi-level modeling
for the speech-in-noise data, the authors used repeated-measures analysis of
covariance, which leads to interpretative problems (i.e., distorted estimates of
the within-subject variable, increased Type I error, or reduced power), particu-
larly if the covariates are not centered (Schneider, Avivi-Reich, & Mozuraitis,
2015). Finally, of the 80 participants who were tested at the beginning of the
study, fewer than half (47.5%) were included in the final data analyses.

A group of Spanish researchers compared the development of phonologi-
cal awareness among 4-year-olds, who were randomly assigned to eight weeks
of phonological training, combined phonological and music training, or no
training (Herrera, Lorenzo, Defior, Fernandez-Smith, & Costa-Giomi, 2011).
Improvements in phonological awareness were greater in the two intervention
groups than in the control group. The group with phonological and music
training, however, had the best performance on tasks that required rapid nam-
ing or identifying word-final sounds. In this instance, incorporation of music
into the intervention may have made the phonological training more engag-
ing. Thus, nonmusical pedagogical improvements could have a similar effect.

Longitudinal, Self-selection

Another longitudinal design involves following children from families who
choose to begin taking music lessons at some point in time. In one study of this
sort, researchers from the Boston area recruited 70 5- to 7-year-old children,
approximately half of whom were just beginning to take weekly, private music
lessons. The children were tested twice: once at the beginning of the study
(Time 1) and again 15 months later (Time 2). The testing battery included
a variety of cognitive tests, tests of listening ability and music aptitude, and
structural MRI scans. At Time 1, the children in the music group came from
higher-SES families compared to children in the control group, and they were
also slightly older (Norton et al., 2005). After controlling for age and SES, the
children did not differ on any other measure, and the groups were matched
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for handedness and gender. Nevertheless, the means were higher in absolute
terms for the music group for all seven of the behavioral tests (Table 16.2),
which is significant with a two-tailed binomial test (p = .016). As one might
expect, music aptitude was correlated with measures of general cognitive abil-
ity and with phonological awareness.

At Time 2, fewer than half of the original children (31 of 70) were included
in the analyses (Hyde et al., 2009). Structural brain differences now distin-
guished the two groups, and these were correlated with changes in motor
skills and music aptitude. Although the authors attributed these results to
experience-dependent plasticity, it is also possible that pre-existing group dif-
ferences, which were evident at Time 1, became exaggerated over a period
of 15 months, such that they became evident in the brain scans. At the very
least, the results highlight the interpretive problems that arise from longitudi-
nal designs when groups are formed naturally.

In a similar study conducted in Los Angeles, researchers compared the
development of 5- to 6-year-olds who enrolled in a community music program
modeled on El Sistema (music group), to same-age children who registered for
swimming or soccer classes (sports group). A third, control group did not have
any intensive extra-curricular activity. All children were recruited from low-
SES areas of the city. At the beginning, the three groups did not differ on a
variety of cognitive, neural, or social measures (Habibi et al., 2014). After one
year, near transfer was evident in the sense that the music group had improved
pitch perception and production ability, but the control group showed poorer
singing and pitch discrimination, which is difficult to interpret (Ilari, Keller,
Damasio, & Habibi, 2016). After two years, the music group had structur-
ally different brains than the other children (Habibi et al., 2017), which the
authors attributed to the different training experiences. The music group was
also better than the sports group at detecting an altered tone in a melody, but
only marginally different from the control group (Habibi, Cahn, Damasio, &
Damasio, 2016). Electrophysiological responses (ERPs) to musical notes were
also more mature among the music group. In short, in the absence of clear
behavioral evidence, even for near transfer, it is impossible to interpret struc-
tural and functional changes in the brain. The small samples sizes at the end of
two years (ns < 13 and 20 in Habibi et al., 2016, 2017, respectively) undoubt-
edly contribute to this interpretive difficulty. Moreover, the different sample
sizes across four reports from the same study are disconcerting.

In a study of 66 Finnish 5- to 6-year-olds, children were recruited from 26
different kindergartens that also functioned as daycare centers (Linnavalli,
Putkinen, Lipsanen, Huotilainen, & Tervaniemi, 2018). Some of the kinder-
gartens offered music playschool classes during daycare hours, others offered
dance lessons, and some offered neither music nor dance training. All of the
children in the control group (no music, no dance) came from kindergar-
tens that offered neither program, which meant that the intervention was
confounded with the specific kindergarten. Children were tested four times
over a two-year period on measures of phonological awareness, vocabulary,
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perceptual reasoning (block design and matrix reasoning), and inhibition.
Because children could enter and leave the programs at will, or take private
music or dance lessons outside of school, these predictors were treated as con-
tinuous variables (i.e., duration of time in music or dance classes). As noted
earlier, duration of music training is correlated with SES, cognitive abilities,
and personality (Corrigall et al., 2013).

Improvement over time on the measures of phonological awareness and
vocabulary were larger as duration of music training (compared to no music
training) increased, but there was no association with perceptional reasoning
or inhibition. Other findings indicated that children from high-SES families
with higher vocabulary scores—across time points—were more likely to take
dance lessons for longer durations of time. Similarly, high-SES children with
higher perceptual reasoning scores—across time points—were also more likely
to take music and dance training for longer periods of time. These data clarify
that self-selection into arts lessons plays a major role in the outcomes, despite
the authors conclusion that “music playschool enhances children’s linguistic
skills” (emphasis added).

Kraus and her colleagues used a similar design to study 68 high-school fresh-
men in low-SES areas in Chicago (Tierney et al., 2015; Tierney, Krizman,
Skoe, Johnston, & Kraus, 2013). As part of the curriculum, students were
required to choose between taking a music course (band or choir) or enroll-
ing in the Junior Reserve Officers Training Corps (JROTC), which focused
primarily on fitness. The students were tested at the beginning of high school
and again two and three years later, but only 43 (after 2 years) and 40 (after
3 years) of 68 were included in the analyses (e.g., many students had moved
from music to JROTC or vice versa). After two years, neural encoding of a
speech sound presented in noise was more rapid in the music group (Tierney
et al., 2013). After three years, outcome measures included subcortical and
cortical neural responses to a repeating consonant-vowel syllable, as well as
behavioral measures of phonological awareness, rapid naming, and phonologi-
cal memory. The music group had larger and more adult-like cortical responses
at the end of the study, whereas the JROTC group had smaller subcortical
responses. The music group also improved more on the test of phonologi-
cal awareness, but the two groups did not differ at either time on any of the
measures. In short, music training may have caused changes in brain develop-
ment that were more or less independent of behavior. Alternatively, neural-
developmental trajectories may have differed between students who chose one
program or the other.

In a similar design, Degé and her colleagues examined memory develop-
ment among German 9- to 11-year-olds, some of whom opted to take an
extended music curriculum in school (Degé, Wehrum, Stark, & Schwarzer,
2011). The children were tested when the program began and again two years
later. Outcome variables included measures of short-term visual and auditory
memory. Unlike children in the control group, children in the music group
exhibited improvement on both memory tests over the course of two years.
These findings remained evident when confounding variables such as general
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intelligence, SES, motivation, and music aptitude were held constant, even
though the sample comprised only 34 children in total.

Kreutz and his colleagues examined whether an extended music curricu-
lum taught in primary schools influences cognitive development. The program
(JeKI—Jedem Kind ein Instrument, An Instrument for Every Child) offered
German 7- to 8-year-olds a musical instrument and weekly 45-minute lessons.
Families chose whether to enroll, so self-selection was an issue, as was finding
an appropriate control group. The author’s solution to these problems was to
measure and control for as many extraneous variables as possible, and to com-
pare children with counterparts who self-selected into extended training in the
natural sciences at different schools in another state. Even before the interven-
tion began, however, the children in the music group had higher IQ scores.

The first two studies had small samples (ns = 25) and tested children three
times over 18 months. In one, the music group had larger improvements in
short-term and long-term verbal memory, but not in short-term visuospatial
memory, even after controlling for IQ (Roden, Kreutz, & Bongard, 2012).
In a second report, visuospatial short-term and working memory were tested,
as well as auditory short-term memory (Roden, Grube, Bongard, & Kreutz,
2014). The music group had greater improvement that the natural-sciences
group on the auditory tests (i.e., immediate recall of a list of words, or a mul-
tisyllabic nonword), and on three measures of visuospatial working memory
(span tasks). As in the 2012 paper, the group differences were evident after
controlling for IQ, and the groups performed similarly on the tests of short-
term visuospatial memory.

In a subsequent paper (Roden, Kénen et al., 2014), the same design was
used but the authors recruited and tested much larger samples of children
(music: n = 192, natural sciences: n = 153). The outcome variables for tests of
far transfer were measures of visual attention and processing speed. Both were
paper-and-pencil tasks that required children to cross out items selectively, or
to connect consecutive digits, respectively. As with the smaller samples, the
music group had higher IQQ scores at the beginning of the study. The additional
power meant that the groups also differed significantly in SES: Children in
the music group came from higher-SES families. For the visual attention task,
both groups improved over time but the natural sciences group had larger
improvements, with performance exceeding the music group at the end of the
study. SES was unrelated to performance or to the rate of change. By contrast,
IQ was related to performance but it did not account for improvements across
time. For processing speed, both groups again improved over the 18 months.
Although the music group had larger improvements from the second to the
third testing session, the groups did not differ at any point in time. As with the
attention task, SES had no association with performance but IQ did, although
IQ could not account for improved speed over time.

Roden, Kénen etal. (2014) also included measures of near transfer—performance
on a test of music aptitude that included melody and rhythm subtests. For
the rhythm subtest, the music group had greater improvements from Time 1
to Time 2, and performance exceeded that of the natural sciences children
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at Time 2 and Time 3. For the melody subtest (administered only at Times 2
and 3), the music group had higher scores at both time points, but improvement
over time was similar between groups. SES differences between groups were
unrelated to the findings, but IQ predicted performance on both subtests, and
could explain a small proportion of the improvements in performance. In short,
when the researchers tested large samples of children from the JeKI program,
there was evidence of inconsistent near transfer, but no evidence of far transfer.

Finally, researchers in China used a retrospective longitudinal design to study
whether private music training could predict 250 children’s past academic
performance, focusing on native-language (L1) ability, foreign language (L2)
ability, and mathematics (Yang, Ma, Gong, Hu, & Yao, 2014). All of the chil-
dren entered the same school when they were 6.5 years old on average. Eleven
semesters (5.5 years) later, they were asked whether they had taken private
music lessons—or private painting lessons—since they started. The research-
ers then compared students with or without music (or painting) training,
using scores from standardized tests that each student took at the end of each
semester. An interaction between testing time and group indicated that musi-
cally trained children improved more than untrained children in L2 develop-
ment, but not in L1 performance or mathematics. Moreover, although the
music group exhibited an advantage at the end of the eleventh semester on
all three tests, the group difference disappeared for L1 and mathematics (but
not for L2) when IQ and SES were held constant. Painting training had no
association with academic performance. It is unclear why there was a “selec-
tive” partial association between music training and L2 ability, but personality
(e.g., conscientiousness, motivation) could have played a role.

In short, my review of these natural but longitudinal experiments highlights
that children who take music lessons are not a random sample but rather a
select group who are likely to differ from other children in terms of general
cognitive ability, SES, music aptitude, and personality variables. Whether
they are similar to (or not significantly different from) other children at the
beginning of a longitudinal study on music training does not mean that group
differences, which may be observed later on, can be attributed unequivocally
to the music training. It is also clear the natural longitudinal studies with
low-SES populations are very difficult to conduct, with attrition being a major
problem. My hunch is that interpersonal dynamics within small groups also
make the data noisier than they would be otherwise. Moreover, in my own
experience of dealing with children in El Sistema, which typically runs every
day for hours after school, low-income families are eager for after-school child-
care that is both free and safe.

Meta-analysis of Longitudinal Studies

In a recent meta-analysis, Sala and Gobet (2017b) reviewed all of the avail-
able longitudinal studies that examined whether music training is associated
with cognitive and academic skills. Inclusion criteria included (1) partici-
pants who were typically developing children or adolescents with no history
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of formal music training, (2) a control group, and (3) an outcome variable
that measured an academic or cognitive skill, which was not music related.
They considered four moderator variables, which might influence whether
a positive result emerged. These included age, random assignment, whether
the control group was active or passive, and the particular outcome variable
(e.g., literacy, mathematics, intelligence).

When all studies were considered jointly, the average effect size was small
(d = 0.16), but statistically significant, and slightly larger for studies that tested
intelligence or memory. Nevertheless, moderator analysis revealed that effects
tended to be larger for studies with less than optimal designs, specifically a
passive control group or no random assignment. By contrast, 95% confidence
intervals for the mean effect size for better designs (i.e., active control group
or random assignment) included O. In fact, the mean effect size for studies with
an active control group and random assignment was —0.12; for studies with
a passive control group and no random assignment it was 0.33. The authors
concluded that “music training does not reliably enhance children and young
adolescents’ cognitive or academic skills, and that previous positive findings

were probably due to confounding variables” (Sala & Gobet, 2017b, p. 55).

Correlation, Causation, Context, and Conclusion

Although many studies have reported that music training is associated with
a variety of nonmusical cognitive abilities (for review see Schellenberg &
Weiss, 2013), evidence indicating that music training causes the observed
associations is very weak. Alternative interpretations include (1) individual
differences, including those in cognitive ability, influence who takes music
lessons, or (2) unidentified variables are causing cognitive abilities and music
training to co-vary in tandem. In my view, the second alternative could only
be describing genetic or demographic factors, which contribute to the indi-
vidual differences in the first alternative. In short, the two alternatives are
describing the same thing. Nevertheless, there is an overwhelming bias in the
psychology and neuroscience research communities to interpret positive cor-
relations as evidence for a causal role of music training. Even when researchers
acknowledge that causation cannot be inferred, a clear bias for interpreting
the results remains evident, even though this requires turning a blind eye to
the research on genetics and far transfer. This section of the chapter focuses
on delineating this problem and trying to explain it.

Consider one example: an article entitled “Music and words in the visual
cortex: The impact of musical expertise” (Mongelli et al., 2017). The title
infers causation even though the design was quasi-experimental. The justifica-
tion for this inference appears to be that the musically trained and untrained
groups did not differ significantly in terms of age, education, or gender. Con-
sider another example: an article entitled “Different neural activities support
auditory working memory in musician and bilinguals” (Alain et al., 2018).
Although the title is neutral with respect the role of causation, the first and last
sentences of the abstract are not: “Musical training and bilingualism benefit
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executive functioning and working memory,” and “These findings indicate
that the auditory WM advantage in musicians and bilinguals is mediated
by different neural networks specific to each life experience.” In addition to
inferring causation, the sentences are problematic because they equate music
training with bilingualism. The sample of bilinguals recruited for the study
comprised immigrants to Toronto who came from many different countries.
Thus, there is no reason to think that these “forced” bilinguals, who needed
to speak English in an English-speaking city, had anything in common other
than being bilingual, or that they differed systematically from other Toron-
tonians, except for their native tongue and country of birth. The fact that
they successfully immigrated to Canada may be a marker of relatively high
SES and cognitive ability compared to compatriots in their home country, but
many immigrants in Canada are economic refugees, to which this point is less
likely to apply. People with music training, by contrast, differ from musically
untrained individuals in many ways, even before the training begins.

Table 16.1 provides examples of 16 articles published since 2013. Each has a

title that infers causation from correlational designs that were not longitudinal

Table 16.1 Titles of Example Journal Articles, Published since 2013, That Inferred
Causation From Correlation (causal terminology in bold)

Title Year

Pitch and Time Processing in Speech and Tones: The Effects of Musical 2018
Training and Attention

Musical literacy shifts asymmetries in the ventral visual cortex 2017

Music training enhances the automatic neural processing of foreign 2017
speech sounds

Musical training shapes neural responses to melodic and prosodic 2016
expectation

Tuning the mind: Exploring the connections between musical ability and 2016
executive functions

Bilingualism and Musicianship Enhance Cognitive Control 2016

Investigating the effects of musical training on functional brain 2014
development with a novel melodic MMN paradigm

Inhibitory control in bilinguals and musicians: Event related potential 2014
(ERP) evidence for experience-specific effects.

Degree of musical expertise modulates higher order brain functioning 2013

Biological impact of preschool music classes on processing speech in noise 2013

Effects of music learning and piano practice on cognitive function, mood 2013
and quality of life in older adults

Musical expertise modulates early processing of syntactic violations in 2013
language

Musical training heightens auditory brainstem function during sensitive 2013
periods in development

Early musical training and white matter plasticity in the corpus callosum: 2013
evidence for a sensitive period

Musical training enhances neural processing of binaural sounds 2013

Musical experience influences statistical learning of a novel language 2013
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and had no random assignment. The table is not meant to be exhaustive or
even representative. Rather, the articles were selected solely because the title
displayed a logical failure, and to document that the problem is common. Note,
however, that the problem appears to be particularly acute in neuroscience,
perhaps because neuroscientists believe that they are looking at the underly-
ing mechanism for an “established” phenomenon, which blinds them to the
limitations of their correlational data. This speculation led to the formation
of a hypothesis that I tested recently (Schellenberg, 2018), specifically that in
the published literature on music training, inferring causation from correlation is more
common among neuroscientists than it is among psychologists. The sample included
114 published articles (in English) that reported results from correlational or
quasi-experimental studies, each of which examined associations between music
training and nonmusical abilities (including brain structure/function). Raters
who were blind to the hypothesis analyzed the titles and abstracts for causal lan-
guage. Inferring causation from correlation was notably high in general, evident
in 64% of the articles across disciplines, which was particularly notable because
each instance represented a fundamental error in scientific reasoning. As
expected, the odds of inferring causation were two to four times greater among
neuroscientists than among psychologists, depending on the particular analysis.

Why do many of us believe, or want to believe, that music has transformative
powers beyond the pleasure it gives the listener, the feeling of connectedness to
others it provides, the happy and sad memories it evokes, and the sense of won-
der and awe that listeners often experience?! For one thing, scholars and arts
advocates complain that music is not taken seriously as a school subject, and
that when budget-tightening is the rule of the day, music courses suffer more
than math, science, and English courses. The National Endowment for the
Arts (NEA) notes, moreover, that music and visual-arts education in schools
has declined since the 1970s, and that studying the arts in school predicts sub-
sequent participation in the arts, such as going to the ballet, the opera, the
theatre, or to concerts that feature classical or jazz music (Rabkin & Hedberg,
2011). One has to wonder, though, why the NEA did not consider concerts
by popular contemporary artists (e.g., Beyoncé, Kanye West, Rihanna). One
could also argue that music education and participation have not declined, but
simply changed, as consumers now have access to an infinite amount of music
via smart phones and the internet, and individuals with no formal training can
make professional-sounding recordings in the comfort of their homes, with rel-
atively inexpensive software, a personal computer, and no musical instruments.

In my view, government support for music and other art forms is always going
to be lukewarm (or cold) when compared to its support for STEM subjects
(science, technology, engineering, and mathematics) and core subjects in the
humanities such as English and history. Reports from neuroscience and psy-
chology, which claim that music has beneficial, nonmusical side effects, are
unlikely to change things. Moreover, justifying support for music based on non-
musical benefits implies, with just a little slippage, that without such benefits,
music is unimportant. In short, science and advocacy make strange bedfellows.



434 E. Glenn Schellenberg

Another explanation of the radical environmentalism that has taken over
this research area is that it is much easier to receive funding for research
programs that seek to document positive findings, rather than null results,
about links between music training and nonmusical abilities. The same argu-
ment applies to publications in peer-reviewed journals. Recent evidence sug-
gests, however, that instead of making you smarter, playing music in groups
facilitates social bonding and social behavior (Kirschner & Tomasello, 2010;
Schellenberg, Corrigall, Dys, & Malti, 2015), a view that is consistent with
some evolutionary accounts of music’s universality (e.g., Dunbar, 2012; Tarr,
Launay, & Dunbar, 2014). Moving in synchrony appears to play a central role
in the effect. For example, toddlers who are bounced in synchrony to music
with an experimenter are more likely to be helpful to the same experimenter
(Cirelli, Einarson, & Trainor, 2014), or to her friend (Cirelli, Wan, & Trainor,
2016), than they are to a stranger, or to someone who bounced out-of-sync
with the toddler. Similar but smaller effects of synchrony are evident even
without the music (Cirelli, Wan, Spinelli, & Trainor, 2017). In other words,
music with a beat is likely to promote synchronous movement, which in turn
facilitates social bonding. More generally, music listening often makes us feel
good, and making music often makes us feel good together. Isn’t that enough?

Overview

What has neuroscience added to our understanding of the nonmusical consequences
of music training, over and above psychology? The reviewed findings are largely
negative. In my opinion, neuroscience has detracted from research because
neuroscientists routinely impute causality from correlation, even more so than
psychologists do. The lack of behavioral evidence for far-transfer effects—in
the case of music training and otherwise—means that the search for neural
mechanistic explanations is unwarranted.

What are the concrete implications of research in this area, and opportunities for
translation to education? Music training improves musical skills, which should
be enough.

How can the reader learn more about the topic? Overviews of the available
literature are provided by a recent meta-analysis of music training in particular
(Sala & Gobet, 2017b), and by an article that provides a concise review of the
lack of evidence for far transfer in general (Sala & Gobet, 2017a).

Note
1. https://files.eric.ed.gov/fulltext/ED581247.pdf
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