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DOES EXPOSURE TO 
MUSIC HAVE BENEFICIAL 
SIDE EFFECTS?

.   

Abstract

Reports that exposure to music causes benefits in nonmusical domains have received widespread
attention in the mainstream media. Such reports have also influenced public policy. The so-called
‘Mozart effect’ actually refers to two relatively distinct phenomena. One concerns short-term
improvements in spatial abilities that are said to occur after listening to music composed by Mozart.
The other refers to the possibility that formal training in music yields nonmusical benefits. A review
of the relevant findings indicates that the short-term effect is small and unreliable. Moreover, when
it is evident, it can be explained by between-condition differences in listeners’ arousal level or mood.
By contrast, the effect of music lessons on nonmusical aspects of cognitive development is still an
open question. Several studies have reported positive associations between formal music lessons and
abilities in nonmusical (e.g. linguistic, mathematical, and spatial) domains. Nonetheless, compelling
evidence for a causal link remains elusive.

Music and nonmusical abilities

The present report evaluates claims that exposure to music produces benefits in nonmu-
sical domains. These claims began to influence public policy as soon as they came to public
notice.1 For example, Zell Miller, the former Governor of Georgia, budgeted for the distribu-
tion of classical music recordings to each infant born in state. Moreover, Florida mandates
daily doses of classical music in state-run preschools.

Researchers (e.g. Ref. 2) and journalists (e.g. Refs 3–6) have generated confusion by fail-
ing to clarify the distinction between the short-term consequences of music listening and
the long-term consequences of formal training in music. Indeed, results from both types of
studies have been merged to yield the dictum, ‘music makes you smarter’. But passive lis-
tening to music, a ubiquitous activity, bears little resemblance to formal training, which
involves lessons and systematic practice (see also Ref. 7). Thus, separate evaluation of the
short-term benefits of musical exposure and the long-term side effects of music lessons
could help to clarify the issues.

Examination of the effects of previous experience on learning and behaviour has a rich
tradition in the history of psychology. ‘The transfer of training from old to new situations
is part and parcel of most, if not all, learning. In this sense the study of transfer is coextens-
ive with the investigation of learning’8 (p. 1019, emphasis added). In addition, hundreds of
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psychological examinations of priming have investigated how prior exposure to a stimulus
affects subsequent processing of the same stimulus or a closely related stimulus.9,10 If expo-
sure to music causes welcome side effects, we would expect such effects to arise from trans-
fer or priming. Moreover, some researchers who argue for the nonmusical benefits of
exposure posit a specific neuropsychological basis for such benefits.2,11–13 Presumably, this
hypothesized cortical process would be compatible with other cortical processes that are
demonstrably relevant to music.

Transfer and priming

Transfer and priming occur in positive and negative forms. Positive transfer occurs when
previous experience in problem solving makes it easier to solve a new problem,8,14 typically
by accelerating learning. As such, positive transfer describes successful generalization of a
process or strategy. One example involves reasoning with analogies.15 Previous exposure to
analogies (e.g. Lawyer is to client as doctor is to ????; the correct answer is patient) can lead
to greater success at finding the missing piece in new analogies. Similar research is available
on metaphor and the transfer of skills.14 A common theme across transfer effects is 
similarity;14,16 positive transfer is more likely to occur when there are more similarities
between the old and new problems.

Negative transfer is the opposite of its positive counterpart; previous experience inter-
feres with solving a new problem.8 Negative transfer, which is often called interference, can
occur proactively or retroactively. Proactive interference is evident when previous learning
makes subsequent learning relatively difficult. For example, a new problem is approached
with an old mental set that is inefficient or inappropriate for the new context. By contrast,
retroactive interference refers to difficulty accessing mental representations because of
intervening experience between initial encoding and retrieval.

Roughly speaking, priming can be considered the ‘short term’ or ‘low level’ relative of
transfer. Anderson17 defines priming as ‘an enhancement of the processing of a stimulus as
a function of prior exposure’ (p. 459). In a classic experiment,18 participants were asked to
identify words presented briefly in the visual modality. Performance was superior for words
that were seen prior to the word-identification test. The ‘low level’ nature of this sort of
priming is evident in greater priming effects following open-ended instructions (e.g. study
the word) compared to compulsory semantic processing (e.g. generate an antonym), the
latter condition involving ‘deeper’ levels of processing.19 It is clear that priming does not
require conscious awareness, as reflected in the priming effects observed in amnesics.20

Negative priming refers to situations in which the processing of a ‘target’ stimulus is
inhibited by prior exposure.21 For example, when participants are presented with two
words (a ‘target’ and a ‘distractor’) and required to name only one (the target), perform-
ance on subsequent trials is relatively slow when the target word was previously a distractor.
Most priming studies examine repetition priming, or subsequent processing of an identical
stimulus.10 Nonetheless, cross-modal and cross-language priming effects are also observ-
able. For people who are bilingual in Spanish–English, auditory presentation of a partial
sentence in Spanish (the priming stimulus) can facilitate visual recognition of a target
English word, provided that the target was implied by the sentential prime.22 There are
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higher level, associative17 or semantic9 priming effects, in which word processing (e.g.
‘butter’) is facilitated by previous presentation of an associated word (e.g. ‘bread’).23

This brief review of transfer and priming provides a context for evaluating specific
claims about exposure to music. These claims posit remarkable positive side effects of
exposure to certain types of music, side effects that, in principle, are closely related to trans-
fer and priming. My intention is to situate claims that music makes you smarter in the con-
text of cognitive psychology, which will permit a review and evaluation of such claims with
reference to well established cognitive phenomena. A secondary goal is to situate the neur-
onal mechanism advanced as the basis of associations between music and nonmusical 
abilities in the domain of cognitive neuropsychology.

The Mozart effect

The current debate about musical exposure and its side effects was inspired, in part, by
Rauscher et al.24 who reported that brief exposure (10 min) to a Mozart sonata generates
short term increases in spatial-reasoning abilities (the Mozart effect). Each participant in
their study was tested in three conditions. Participants in one condition listened to a
Mozart sonata before completing three tests of spatial abilities. Participants in the other
two conditions listened to a relaxation tape or sat in silence before completing the tests.
Performance on the first spatial test (but not the next two) was superior in the ‘Mozart’
condition. This finding attracted considerable attention because it appeared in a highly
prestigious journal, Nature, and because the investigators translated their finding into an
IQ-score improvement of approximately eight points (i.e. half a standard deviation).
Indeed, the popular conclusion that ‘music makes you smarter’ followed directly from this
IQ translation.

Closer examination of the method of Rauscher et al.24 raises questions about the valid-
ity of their findings. The choice of comparison conditions is particularly problematic.
Sitting in silence or listening to a relaxation tape for 10 min is less arousing or interesting
compared to listening to Mozart. Moreover, mood-states are known to influence perform-
ance on problem-solving tasks, with superior performance associated with positive
affect.25–27 Thus, the effect could have arisen from differences in arousal or mood rather
than from exposure to Mozart.

Because the Mozart effect is at odds with the literature on priming and transfer, alternat-
ive explanations of the source of the effect (i.e. the arousal/mood hypothesis) seem all the
more credible. Improved spatial skills following exposure to a Mozart sonata do not repres-
ent an instance of repetition priming (i.e. the priming stimulus was not repeated). Nor are
they an instance of associative priming. How is passive listening to a musical stimulus 
‘associated’ with performance on a visually presented test of spatial skills? Evidence for
associative priming typically involves pairs of words with an obvious semantic association
(nurse–doctor, bread–butter). How, then, could an auditory (musical) stimulus prime per-
formance on a task with no obvious link to music? Transfer as an explanatory framework
also raises more questions than it answers. Transfer typically involves applying a learned
skill or strategy to a new context. But what is learned by listening passively to a piece of
music? Something about the music, no doubt, but it is difficult to rationalize how the 
transfer of such knowledge could yield improved performance on a spatial task.
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In short, the Mozart effect is a radical claim about cognitive processes that is difficult to
reconcile with known principles and findings in cognitive psychology. It comes as no sur-
prise, then, that attempted replications have produced mixed results (for reviews see Refs
11, 28–30). Although many published studies have failed to replicate the effect, a meta-
analysis that included some unpublished studies concluded that the effect was moderate
but robust.29 Because the Mozart effect studies have been reviewed elsewhere, the present
report focuses on the issues raised by selected studies.

Consider the replication reported by Rauscher et al.,13 who pretested their participants
with a Paper-Folding-and-Cutting (PF&C) test (one of the spatial tests used in the original
study). Participants were then divided into three groups of equivalent abilities. One group
heard Mozart during three subsequent test sessions. A second group sat in silence during the
three sessions. A third group heard a minimalist piece by Philip Glass during the first sess-
ion, an audio-taped story in the second session, and a repetitive piece of dance music in the
third session. After each session, the PF&C test was administered again. Although the
Mozart group showed a significantly larger improvement in performance than did the other
two groups after the first session, there was no difference between the Mozart and compar-
ison groups after the next two sessions. The advantage of Mozart over silence and Glass condi-
tions in the first test session did not extend or clarify the original finding. Participants may
find repetitive, minimalist music as boring or unarousing as silence. The null findings in the
second and third sessions also raise doubts about the reliability of the effect.

Rauscher11,31 suggests that the numerous replication failures can be explained primarily
by differences in the spatial tasks that have been used as outcome measures. She claims that
the effect can be obtained with ‘spatial-temporal’ tasks (e.g. the PF&C task and other tasks
involving mental transformation of visual images), but not with ‘spatial-recognition’ tasks.
This distinction is based on the idea that perceiving and remembering music involves ident-
ifying changes and systematic transformations in musical patterns (e.g. motives) that occur
over time. Thus, ‘transfer’ from music listening to the spatial domain should be limited to
tasks involving mental manipulation of visual images, which also takes time. Indeed, the
time required is linearly related to the amount of manipulation.32 This distinction is curi-
ous in light of the original findings,24 which indicated that the effect was identical across
spatial tasks, temporal or otherwise. In a subsequent reanalysis of the original data,11 how-
ever, the advantage of the Mozart effect proved to be significant on only one of the three
spatial tests that were administered, the ‘temporal’ PF&C task, but not on the two nontem-
poral tests. Nonetheless, mean scores were highest in the Mozart condition across tests, and
the design precluded tests of the two-way interaction between the listening conditions and
the spatial tests. In other words, despite their conclusion and interpretation, the data did
not support Rauscher’s hypothesis (i.e. that the influence of Mozart’s music on spatial abil-
ities depends on the temporal nature of the tasks). Moreover, the temporal/nontemporal
distinction cannot explain why several attempts to replicate the original findings failed to
do so, even though the outcome measure was a task that met Rauscher’s criteria for spatial-
temporal status.33–35 Finally, the distinction does not address the problem that the effect,
when evident, may be a consequence of differences in arousal or mood.

In all cases in which the Mozart effect has been evident, comparison conditions involved
repetitive music, sitting in silence, or listening to relaxation tapes. As noted, these comparison

    433



conditions might seem boring to participants (compared to listening to music), promoting
relatively low levels of cognitive arousal or negative mood states. As a first attempt to
address this possibility, Nantais and Schellenberg36 replicated and extended the original
findings. In their first experiment, each participant was tested on the PF&C task twice, once
after listening to 10 min of music and once after sitting in silence for 10 min. For some part-
icipants, the music was the same Mozart piece used by Rauscher and her colleagues. For
others, a piece by Schubert (from the same compact disk as the Mozart piece, performed
by the same pianists) was used instead. This experiment was also the first to use a computer-
controlled procedure administered to participants individually. Indeed, the potential
impact of group dynamics on the results of earlier studies is unknown.13,24,33,35,37 (Imagine
a classroom of undergraduates being required to sit in silence for 10 min!)

As shown in Figure 28.1 (upper left panel), performance on the PF&C test was better
after listening to Mozart than after sitting in silence. In other words, the Mozart effect was 
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Figure 28.1 Scores on the paper-folding-and-cutting task for participants tested by Nantais and Schellenberg.36

Each participant was tested twice. The upper left panel illustrates scores after listening to Mozart or sitting in

silence. A piece by Schubert was used instead of Mozart for other participants (upper right panel). A third group

was tested after listening to either Mozart or a narrated story (lower panel). The line on the diagonal represents

equivalent performance across conditions.
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replicated. Nonetheless, an identical effect was evident when the Mozart composition was
substituted with the piece by Schubert (Figure 28.1, upper right panel). One would predict
such a ‘Schubert effect’ if the comparison condition (silence) was depressing levels of per-
formance. For both groups, performance also improved from the first to the second testing
session, revealing a simple practice effect. In a second experiment, a Mozart condition was
contrasted with a comparison condition that involved listening to a narrated short story
(potentially as engaging as listening to music) instead of sitting in silence. The Mozart effect
disappeared (Figure 28.1, lower panel), as one would predict if the experimental (Mozart)
and comparison (story) conditions were equally engaging, and if the source of the Mozart
effect stemmed from differences in arousal or mood. Perhaps even more important was the
finding that performance interacted with listeners’ preferences. Those who preferred Mozart
over the story performed better on the PF&C test after listening to Mozart. Those who pre-
ferred the story performed better after listening to the story (Figure 28.2). These findings
provide support for the suggestion that short-term effects of music on tests of spatial abil-
ities stem from differences in arousal or mood rather than from listening to Mozart.
Although the figure implies that participants who preferred Mozart performed better
regardless of condition, the main effect of preference was marginal (p � 0.09).

Further support for the ‘arousal or mood’ hypothesis comes from a meta-analysis of 20
Mozart-silence comparisons.28 Successful replications of the Mozart effect were attributed
to cognitive arousal, which is predominantly a right-hemisphere function,38–40 as are tests
of complex spatial abilities.40,41 This view helps to explain why the Mozart effect tends to
be slightly larger when the control condition consists of relaxation instructions, which are
designed to reduce arousal, instead of sitting in silence.28

Another way to interpret the Mozart effect is provided by a new theory based on a large
body of findings on the association between mood and cognition.42 The theory proposes
that positive mood states increase circulating levels of the neurotransmitter dopamine.
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Figure 28.2 Paper-folding-and-cutting (PF&C) scores from Nantais and Schellenberg’s36 participants as a 

function of testing condition (Mozart or story) and preference (Mozart or story).

16

15

14

13

12

M
ea

n
 P

F&
C

 s
co

re

11

10

9
Mozart

Listening condition

Story

Mozart

Preference

Story



During periods of positive affect, dopamine is released from the ventral tegmental area,
which has projections to the prefrontal cortex. A variety of cognitive tasks that show
improvement when positive affect is induced26 may be influenced by the effects of
dopamine on prefrontal function. It is possible, then, that the Mozart effect is another way
in which positive affect influences performance in a problem-solving task. In short,
although the seemingly mysterious Mozart effect may indeed have a neuropsychological
explanation, listening to music is just one of many ways to induce arousal or positive affect.

The meta-analysis presented by Chabris28 and the results of Nantais and Schellenberg36

are consistent with the idea that differences in arousal or mood are the actual source of the
Mozart effect, but neither report tested this hypothesis directly. Thompson, Schellenberg,
and Husain43 attempted such a test using the PF&C task as their outcome measure. Each 
of their participants was tested once in a music condition and once in a silence condition
(as in, Ref. 36, Experiment 1). Arousal and mood were measured after listening to the 
music using the Profile of Mood States44 and a subjective rating scale. Participants were also
asked to rate how much they enjoyed the music. For some participants, the music condi-
tion consisted of the same Mozart piece used in the original Mozart-effect study; for others,
a piece by Albinoni was used instead. Albinoni’s ‘Adagio’ was selected because it is consid-
ered to be a stereotypical example of slow, sad-sounding music.45 By contrast, the Mozart
sonata is pleasant and happy sounding. Hence, the prediction was that increases in per-
formance on the PF&C task would be evident for music compared to silence in the Mozart
group but not in the Albinoni group.

This prediction was upheld by the data. As shown in Figure 28.3, the Mozart group
showed a robust improvement in PF&C scores after listening to Mozart compared to sit-
ting in silence. By contrast, the Albinoni group performed more-or-less identically in the
music and silence conditions. More importantly, the advantage of the music over the
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Figure 28.3 Scores on the paper-folding-and-cutting (PF&C) task for participants tested by Thompson et al.43

Each participant was tested twice, once after listening to music and once after sitting in silence. For some partic-

ipants, the musical piece was the Mozart sonata used by Rauscher et al.24 For others, it was Albinoni’s Adagio.
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silence condition in the Mozart group disappeared when the arousal, mood, or enjoyment
variables were held constant. As shown in Figure 28.4, differences between the Mozart and
Albinoni conditions on the post-test measures of arousal, mood, and enjoyment were vir-
tually identical to between-condition differences in performance on the PF&C task. In
short, the results were completely consistent with the notion that the Mozart effect is an
epiphenomenon of arousal or mood.

The theoretical framework that Rauscher and her colleagues use to explain the Mozart
effect is called the ‘Trion model’.46,47 The model states that specific cortical firing patterns
are present over large areas of the cortex when one performs, composes, or listens to music.
Because these patterns are considered to be spatial-temporal in nature, they are said to 
be highly similar to patterns evident during spatial-temporal reasoning. Both processes
involve perceiving and thinking about rule-governed transformations that occur over time.
The model describes more than a simple associative or connectionist network, in which
one group of neurons is connected to another group. Rather, it posits actual similarities in
cortical firing patterns for (1) passive listening to music and (2) actively participating in a
task requiring spatial-temporal reasoning.

If we examine the neuropsychological research on music processing, however, the basic
tenets of the Trion model seem implausible. The research of Peretz and her colleagues is
particularly relevant. Peretz has shown that much of music perception and cognition is 
relatively modular, and, moreover, that individual aspects of music cognition are relatively
modularized and independent of other aspects.48 For example, melody and rhythm are
processed independently and in different parts of the brain,49–51 lyrics are processed inde-
pendently of tunes52 and perceiving musical emotion is independent of memory for
music.53,54 Most importantly, Peretz has studied brain-damaged patients with amusia and
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Figure 28.4 Standardized scores for Thompson et al.’s43 participants after listening to a piece composed by Mozart

or a piece composed by Albinoni. The variables include the paper-folding-and-cutting (PF&C) task, two subscales

from the Profile of Mood States that measured arousal and mood, enjoyment ratings, and a subjective measure of

arousal and mood.
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none has exhibited accompanying deficits in spatial abilities. For example, one of her 
amusic patients could not discriminate tones that differed by gross differences in pitch yet
she continued to drive safely around Montréal. In short, there is substantial evidence for
modularity of music processing and for independence of various aspects of music. Such
evidence is inconsistent with the notion that cortical activity is similar across a variety of
musical activities (performing, composing, and listening), and that such patterns of
activation are identical during spatial-temporal reasoning.

Long-term side-effects of music lessons

Although the short-term Mozart effect appears to be independent of Mozart in particular
and of music in general, it is still possible that positive, relatively long-term cognitive side
effects result from taking music lessons. Indeed, the two issues may be orthogonal. To
anticipate the conclusion, the relevant findings reviewed below are consistent with the idea
of an association between musical training and nonmusical benefits (see also Ref. 7), but
they fall far short of being conclusive.

Musical abilities and nonmusical abilities Several studies have examined whether 
musical ability (rather than musical training) is correlated with other kinds of abilities.
Positive associations imply that improving one’s musical ability through formal lessons
would be accompanied by nonmusical benefits. In correlational designs, however, it is
always impossible to make firm conclusions about the direction of causation when asso-
ciations are discovered. It is also impossible to rule out the possibility that the association
stems from a third, unidentified variable.

Gromko and Poorman55 examined children between the ages of 4 and 13 who were
enrolled in a private school. Their goal was to determine whether musical aptitude is
related to children’s ability to use symbols. In an initial testing session, children completed
the tonal subtest of Gordon’s56,57 musical aptitude measures. During a second session, chil-
dren were tested on two tasks, one that required them to match short melodies with
graphic representations and another that required them to draw graphic representations of
the contour of short melodies. Performance on all three measures improved with age, and
each measure was significantly correlated with the other two. These findings confirm that
children’s musical aptitude is predictive of their ability to interpret and produce symbolic
representations of music. Because each of the outcomes was associated with age, however,
it is impossible to determine whether the associations would still be in evidence if differ-
ences in age were held constant (i.e. the authors did not report partial correlations).

In an examination of performance on musical and spatial tasks that required analogical
reasoning, children from 6 to 12 years of age were tested on their ability to transfer a given
relation between one pair of stimuli to a novel pair.58 As the age of the children increased,
performance on both tasks improved. Moreover, age-related improvements were virtually
identical across tasks. As with the study by Gromko and Poorman,55 however, the associa-
tion between the music and spatial tasks could be a consequence of the fact that older 
children performed better on both tasks.

Lamb and Gregory59 studied the association between reading and musical abilities in a
sample of 5-year-old children. Reading abilities and phonemic awareness were positively
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associated with pitch-discrimination abilities but not with the ability to discriminate tim-
bres. These associations remained in evidence when differences in age and nonverbal intel-
ligence were held constant. Virtually identical associations between reading abilities and
musical abilities (with differences in age and IQ held constant) were reported for a sample
of 9-year-old children.60 Although these findings do not address the issue of causation,
they provide evidence of an association between reading and musical abilities that is 
independent of age or general intelligence.

Douglas and Willatts61 tested a sample of 8-year-olds to examine whether literacy and
musical ability are associated. Pairs of tones were presented in a pitch-discrimination task
that required children to identify whether the second tone was higher, lower, or the same
as the first. A rhythm-discrimination test required children to respond ‘same’ or ‘different’
to pairs of sequences played on a wood block. Literacy was measured with tests of reading
and spelling. All measures showed significant pairwise correlations. When differences in
receptive vocabulary were held constant, however, reading and spelling measures were
associated with rhythm-discrimination abilities but not with pitch-discrimination abilities.
Whereas these findings suggest that rhythm-discrimination abilities are better than pitch-
discrimination abilities at predicting literacy, the results of Lamb and Gregory59 imply that
pitch-discrimination abilities are a better predictor than timbre-discrimination abilities.

Finally, Lynn, Wilson, and Gault63 examined the association between musical aptitude
and general intelligence (Spearman’s g) in groups of children 10 years of age. Children were
administered rhythm- and pitch-discrimination tasks as well as tests of general intelligence.
Each of the music measures was positively associated with each of the measures of intelli-
gence. These results suggest that musical aptitude is a function of general intelligence.
Alternatively, musical aptitude may be a valid estimate of g. Although the association
between musical aptitude and intelligence is provocative, it remains to be seen whether
music lessons actually promote improvements in cognitive abilities.

Music lessons and nonmusical abilities: correlational and quasiexperimental 
studies Other researchers have tested the possibility that music lessons are associated with
nonmusical abilities. Again, because we can never be sure that those with and without
musical training are identical on other potentially relevant dimensions (e.g. socioeconomic
status and overall IQ), unequivocal determinations of causation are impossible.

A classic example of a relevant quasiexperiment is Chan, Ho, and Cheung’s62 study of
female college students in Hong Kong (mean age of 20 years). The authors compared the
verbal and visual memory abilities of women with no musical training to those of women
who had taken 6 years of music lessons before the age of 12. Although the groups did not
differ on the visual-memory task, the musically trained group outperformed the untrained
group on the verbal-memory task. Unfortunately, despite the authors’ claim that the
groups were matched according to years of education (with alpha � 0.01), closer inspec-
tion of the findings revealed that the musically trained group had significantly more 
education (with alpha set to a standard 0.05 value). In other words, it is impossible to 
determine whether the verbal advantage stemmed from music lessons rather than from
additional years of education. Indeed, we would predict better verbal skills to accompany
higher levels of education.
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Hassler, Birbaumer, and Feil64 examined verbal fluency and visual-spatial abilities in
children 9–14 years of age, some of whom were taking music lessons. The children were
classified into one of three groups: (1) musically talented and capable of composing or
improvising, (2) musically talented but not capable of composing or improvising, or (3)
nonmusicians. The groups did not differ on a test of spatial relations, but significant
differences were found on tests of verbal fluency and visualization abilities, with the musi-
cally talented children outperforming the nonmusicians. At a follow-up test two years later,
significant differences were found for each of the three outcome variables.65 Nonetheless,
students in the composing/improvising group had more music lessons than the other
musically talented group, yet no differences between these groups on the outcome meas-
ures were evident. As such, this study provides equivocal support for the idea that music
lessons are accompanied by advantages in nonmusical domains.

Two studies compared the nonmusical abilities of children enrolled in a Kodály music
program with those of a comparison group who were not taking music lessons.66,67 The
Kodály program is known for intensive training and placing great emphasis on singing and
the development of sequential skills. The program also incorporates clapping, the use of
hand signs, and simple musical notation. Hurwitz and his colleagues examined the
sequencing and spatial skills of a group of 7-year-olds. Children in the Kodály group had
taken music lessons for approximately 7 months, with 40-minute lessons 5 days per week.
The sequencing task involved tapping mechanical keys in a regular manner, or in time with
a metronome after the metronome was turned off or its rate had been changed. Children
were also given tests of spatial abilities, plus a Stroop-like test of interference. The Kodály
group outperformed the comparison children on the Stroop test and on some of the 
spatial tests. In a separate examination of children who had completed 1 year of Kodály
instruction, the Kodály group performed better than a comparison group on a reading test
even though the two groups had performed identically a year earlier. A subsequent study
of 4- and 5-year-olds’ understanding of prenumber concepts showed a benefit of Kodály
training only for 5-year-old girls.67 These results suggest that training in music may lead to
nonmusical improvements, yet it is impossible to ascertain whether nonmusical aspects of
Kodály training or preexisting differences between groups may have influenced the results.

Schellenberg68 used a correlational approach to examine whether music lessons are pred-
ictive of intellectual development in a group of 147 children ranging in age from 6 to 
11 years. The outcome measure was a standard IQ test (Wechsler Intelligence Scale for
Children—Third Edition). His approach is noteworthy because he also measured three
variables that are likely to be confounded with music lessons: socioeconomic status (meas-
ured as family income), parental education (which would be correlated with parental IQ),
and time spent in nonmusical extra-curricular activities. Of the four variables he meas-
ured, music lessons had the strongest association with IQ (r � 0.38, p � 0.0001). The data
are illustrated in Figure 28.5. Moreover, when the other three potentially confounding vari-
ables were held constant, the partial association between music lessons and IQ remained
significant. Although these findings are consistent with the proposal that music lessons
confer nonmusical benefits, it is impossible to rule out two alternative explanations:
(1) children with higher IQs may be more likely to take music lessons, and (2) an as-
yet-unidentified variable could be influencing IQ and the likelihood of taking music lessons.
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Music lessons and nonmusical abilities: experimental studies The next group of studies
had more-or-less random assignment of participants to experimental conditions. Thus,
provided that comparison conditions were selected appropriately, we should be able to
determine whether music lessons actually ‘cause’ nonmusical cognitive advantages. As with
most of the short-term (Mozart effect) studies, however, none of the studies in this group
used comparison conditions that preclude the possibility of alternative explanations for the
findings.

For example, 6-year-old children who were taught music for 7 months by means of the
Kodály method showed improvements in mathematical and reading abilities that sur-
passed those of children without such training.69 The researchers’ goal was to examine poss-
ible by-products of a ‘test arts’ (Kodály) program that was implemented in some first-grade
classes but not in others. They examined two first-grade classes in each of two schools that
were designated as ‘test arts’ classrooms, and another two from both schools that were
‘standard arts’ classrooms. If we assume that the classrooms were assigned to the two arts
programs at random, we can consider the design to approximate a ‘true’ experiment. The
reported advantage for the test-arts classes is remarkable when we consider that in the pre-
vious year, children in the test-arts classes were actually behind the standard-arts children
in terms of the proportion who had reached the national average grade level. Although
these results are promising, children in the standard-arts classrooms did not participate in
activities focusing on ‘sequenced skill development’ as did children in the test-arts (Kodály)
classrooms. Again, this confounding makes it impossible to attribute the remarkable recov-
ery and achievements of the test-arts classrooms to training in music per se, rather than to
other nonmusical aspects of the Kodály program.

In another study, 4-year-old children who received individual 10-min piano lessons once
or twice a week for 6–8 months performed better on a test of spatial skills than children
assigned to comparison conditions.12 Nonetheless, other aspects of the design question the
reliability of the effect. For example, some of the children had 33 per cent more lessons
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Figure 28.5 IQ scores from children tested by Schellenberg68 as a function of months of music lessons.
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than other children, yet this additional training in music had no effect on performance.
Moreover, the primary comparison condition involved playing with commercial software
programs on a computer. Although a computer instructor provided one-on-one instruc-
tion about how to use the computer and open the programs, the software (not the instruc-
tor) was designed to teach the children basic skills in reading and arithmetic. As such,
superior levels of performance in the piano group could be the consequence of additional
instruction from an adult.

Standley and Hughes70 found that children in prekindergarten classes (4–5 years of age)
who took 15 music lessons over a period of 2 months showed enhanced prereading and
writing skills compared to other children. Children in the comparison condition were
exposed to the regular prekindergarten curriculum but had no additional lessons of any
kind. Again, it is impossible to determine whether the observed numerical and verbal be-
nefits arose specifically from music instruction or from pedagogical differences that were
independent of musical training. The investigators noted that ‘it was also apparent from the
children’s reaction that the music activities provided pleasure and excitement about aca-
demic participation, possibly generating long range motivation for reading and writing’
(p. 83). Nonmusical activities that generate similar levels of pleasure and excitement could
generate similar increases in motivation.

Gromko and Poorman’s55,71 study of 3- and 4-year-old children enrolled in a private
Montessori school is similar to Standley and Hughes’70 study described above. Children in
the music group were provided with weekly group music lessons in addition to the regular
curriculum, but the comparison group received no additional lessons of any sort. As such,
the modest gains in nonverbal IQ witnessed for the music group relative to the compari-
son group can be attributed simply to additional educational instruction from an adult.

Three recent experimental studies suffer from similar methodological problems. Each
compared young children enrolled in music-education programs with children in ‘control’
groups who had no comparable extraschool activities.72–74 One study provided 3 years of
piano lessons free of charge to children in the fourth to sixth grade.73 These ‘piano’ chil-
dren performed better than children in a control group on a comprehensive test of cognit-
ive abilities after the first and second years, but the difference disappeared after the third
year. Between-group differences during the first 2 years stemmed solely from differences in
spatial abilities. In another study, kindergartners were provided with group keyboard les-
sons for 8 months.74 The keyboard children showed greater improvement than a control
group on tests of spatial abilities, but there was no difference between groups on a test of
recognition. A third study examined the influence of a 30-week structured music curricu-
lum on cognitive development.72 Treatment and control groups of 6-year-olds were
administered six subtests from the Stanford-Binet Intelligence Test before and after the 
curriculum. The treatment group showed relatively larger gains on a single subtest that
measured capacity of short-term memory (Bead Memory).

Another recent study examined possible side-effects of group keyboard lessons that were
provided free of charge to children 6–8 years of age.75 A control group had computer les-
sons with a commercial software program designed to improve English-language skills.
Both groups were also given lessons intended to enhance spatial abilities by playing with a
software program designed by the researchers. Unfortunately, the main outcome variable
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consisted of scores on a testing version of the same spatial software, which has unknown
reliability and validity. Moreover, aggregate scores on the outcome tests did not differ
between groups. The investigators reported a significant advantage for the keyboard group
on a subtest of mathematical fractions and proportions, and they concluded that improved
musical and spatial skills lead to improved mathematical abilities. These results would be
more convincing if they had been obtained with standardized tests, and if the piano group
had performed better overall, or at least on subtests for which clear predictions were made
a priori.

In an initial attempt to rectify some of the shortcomings of earlier experiments,
Thompson, Schellenberg, and Husain76 tested whether music lessons influence children’s
ability to interpret the emotions expressed by nonlinguistic cues (i.e. prosody) in speech.
Six-year-olds were assigned randomly to a year of music lessons, a year of drama lessons,
or no lessons. After the lessons were completed, the children were tested on their ability to
label the emotion (happy, sad, fearful, or angry) conveyed by semantically neutral sentences
spoken in English (e.g. the chair is made of wood) or in Tagalog, and by tone sequences that
mimicked the prosody of the sentences. The children with music lessons performed better
than the no-lessons children on these tasks. In fact, their performance was equivalent to
children who took drama lessons, which focused specifically on using prosody to convey
emotions. A separate test of adult participants suggested that such effects are long-lasting.
Specifically, adults who started music lessons during childhood performed better on
prosody-decoding tasks than did adults with no musical training.

The studies just reviewed provide consistent suggestive evidence that music lessons have
positive nonmusical side effects. Nonetheless, specifics of the reported associations vary
widely from study to study. If we suspend our disbelief, however, and assume that music
education affects abilities in other areas, how could we account for this influence?

A number of neurological studies describe ways in which music lessons affect cortical
development. Compared to nonmusicians, accomplished players of string instruments
show increased representation in the cerebral cortex for the fingers of their left hand,77

which implies that musical training can alter patterns of cortical organization. Indeed, cort-
ical representations are especially large for those who begin music lessons at an early age
when the brain is relatively plastic. Although the size of the corpus callosum is larger in
musicians than in nonmusicians, this effect is particularly notable in musicians who began
taking lessons before the age of seven.78 Relatively large brain asymmetries are also evident
among musicians who have absolute (perfect) pitch,79 and this relatively rare ability to
name and produce pitches in isolation is evident predominantly among musicians who
begin lessons in early childhood.80 Moreover, the representation of piano tones in the audi-
tory cortex differs in musicians than in nonmusicians,81 although genetic factors or simple
exposure to music could also play a role.82 Finally, specific cortical areas in the right hemi-
sphere are activated when reading a musical score but not when reading one’s primary or
secondary language.83

Consequences of an enriched environment on other species (e.g. rats and mice) include
denser patterns of dendritic branching and a greater number of hippocampal neurons.84,85

If music education represents an enrichment of a child’s environment, such enrichment
could promote neurological development, which could, in turn, influence abilities in other
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domains. Music, however, is simply one of many ways to enrich a child’s environment.
Moreover, music education is a complex process that involves many different dimensions.

We know that schooling improves a wide variety of cognitive skills and that this associa-
tion is not simply a by-product of maturation.86–89 For young children in particular,
schooling is more effective in smaller classes.90 –92 Reviews of intervention programs for
children who are at risk of academic failure suggest that extended one-on-one contact with
a supportive adult is a common feature of successful interventions.93,94 Thus, music les-
sons, which are typically taught individually or in small groups, may confer nonmusical
benefits for children by providing close and extended contact with an adult other than a
parent or teacher. If this is the case, then similar side effects should be evident with other
types of lessons that provide similar levels of contact (e.g. chess, drawing).

Music lessons may be unique, however, because of their focus on a particular combina-
tion of factors, such as hours of individual practice, learning to read music, attention and
concentration, timing, ear training, sight reading, constructive feedback from the instruc-
tor, and exposure to music.95 Thus, positive transfer effects to nonmusical domains, such
as language, mathematics, or spatial reasoning, could be similarly unique for individuals
who take music lessons. On the other hand, music lessons are likely to improve many 
general skills, such as the ability to attend to rapidly changing temporal information, skills
relevant to auditory stream segregation, the ability to detect temporal groups, sensitivity to
signals of closure and other gestalt cues of form, emotional sensitivity and expressiveness,
and fine motor skills. These general skills should be particularly likely to transfer to a 
variety of nonmusical domains.

As someone who took music lessons from the age of five and practised regularly for the
next 11 years, I feel changed—probably for the better—in ways that seem specific to my
involvement with music. It remains to be seen, however, whether this personal observation
will withstand the test of rigorous experimental investigation.
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