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We tested theories of links between musical expertise and language ability in a sample of 6- to 9-year-old
children. Language ability was measured with tests of speech perception and grammar. Musical expertise
was measured with a test of musical ability that had 3 subtests (melody discrimination, rhythm
discrimination, and long-term memory for music) and as duration of music training. Covariates included
measures of demographics, general cognitive ability (IQ, working memory), and personality (openness-
to-experience). Music training was associated positively with performance on the grammar test, musical
ability, IQ, openness, and age. Musical ability predicted performance on the tests of speech perception
and grammar, as well as 1Q, working memory, openness, and age. Regression analyses—with other
variables held constant—revealed that language abilities had significant partial associations with musical
ability and IQ but not with music training. Rhythm discrimination was a better predictor of language
skills compared with melody discrimination, but memory for music was equally good. Bayesian analyses
confirmed the results from the standard analyses. The implications of the findings are threefold: (a)
musical ability predicts language ability, and the association is independent of I1Q and other confounding
variables; (b) links between music and language appear to arise primarily from preexisting factors and
not from formal training in music; and (c) evidence for a special link between rhythm and language may

emerge only when rhythm discrimination is compared with melody discrimination.
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In the present investigation, we sought to test theories and
models of associations between musical expertise and language
ability. One theory, Patel’s (2011, 2014) OPERA hypothesis,
proposes that formal training in music leads to benefits in speech
perception and language processing because neural networks for
music and speech processing Overlap, music requires Precision in
auditory processing, music elicits positive Emotions, music train-
ing involves Repetition that facilitates learning, and music learning
requires Attention. In other words, Patel posits a transfer effect
from music to language that is driven by an overlap in goals
(communication) and modality (audition) but enhanced by specific
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aspects of the music-learning process. Kraus (Kraus & Chan-
drasekaran, 2010; Kraus & Nicol, 2018) describes a similar view,
claiming that sound encoding at the brainstem level becomes more
precise with formal music training, which enhances the perception
of speech sounds. Patel and Kraus both propose that initial con-
sequences of music training are perceptual but with cascading
effects that extend to higher-level language processes such as
reading (e.g., Patel & Iversen, 2007; Tierney & Kraus, 2013).
Thus, any positive association between music training and lan-
guage ability is consistent with their view.

Such associations are indeed plentiful in correlational and quasi-
experimental (or cross-sectional) research (e.g., Loui, Raine,
Chaddock-Heyman, Kramer, & Hillman, 2019; Swaminathan & Go-
pinath, 2013; for review, see Schellenberg & Weiss, 2013). Never-
theless, the theories propose a causal direction (music training —
language), and these correlations are also consistent with an alterna-
tive view: High general cognitive ability includes good language and
musical abilities (Carroll, 1993), which increase the likelihood of
taking music lessons. Indeed, convincing evidence that music training
causes improvements in language abilities is scarce (for review, see
Swaminathan & Schellenberg, 2018a).

Other evidence indicates that rhythm abilities in particular (e.g.,
Corriveau & Goswami, 2009) are closely linked with language
skills. The underlying theory (Goswami, 2011; Tallal & Gaab,
2006) proposes that children with reading or language problems
(i.e., dyslexia or specific language impairment [SLI]) have a
temporal-processing deficit that impairs processing of rise time
and duration in speech (Corriveau, Pasquini, & Goswami, 2007),
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which is crucial for the perception of rhythm and prosody (partic-
ularly amplitude changes) and, ultimately, phonological represen-
tation (Goswami, 2011; Port, 2007). This deficit should therefore
be ameliorated by music training that improves rhythm skills.
Because the deficit does not extend to the perception of frequency
(pitch), rhythm abilities should predict language skills, but other
aspects of musical ability, such as melody discrimination, should
not. Indeed, rhythm but not melody discrimination predicts (a) the
perception of stress in speech among Finnish adults (Hausen,
Torppa, Salmela, Vainio, & Sirkdmo, 2013), (b) foreign-language
learning among French adults (Bhatara, Yeung, & Nazzi, 2015),
and (c) the categorization of Zulu phonemes among Canadian
adults (Swaminathan & Schellenberg, 2017). Nevertheless, in one
intervention study with 4- to 6-year-olds, training that focused on
melody (pitch relations) improved phonological awareness, but
training in rhythm did not (Patscheke, Degé, & Schwarzer, 2019).
In any event, comparisons of rhythm with melody (and only
melody) do not provide adequate tests of the hypothesis that
rhythm has a “special” link with language. Other aspects of mu-
sical ability could be equally important.

A final perspective posits an association between rhythm and
grammatical abilities (Gordon, Jacobs, Schuele, & McAuley,
2015; Gordon, Shivers, et al., 2015), based on observed deficits in
rhythm and grammar that are evident in SLI and on findings
showing that (a) temporal cues mark phrase boundaries (e.g.,
Fernald & McRoberts, 1996) and important words (e.g., Rother-
mich, Schmidt-Kassow, & Kotz, 2012) in speech, and (b) speech
rhythms influence syntactic processing (e.g., Roncaglia-Denissen,
Schmidt-Kassow, & Kotz, 2013). Supporting evidence comes from
a study of typically developing 6-year-old American children
(Gordon, Shivers, et al., 2015), whose ability to detect changes in
rhythmic sequences was positively correlated with grammar abil-
ities but not with phonological awareness. The sample size was
small, however, so the finding is inconclusive, particularly because
links between music training and phonological awareness are well
established (for review, see Gordon, Fehd, & McCandliss, 2015).
Moreover, there was no control test (melody or otherwise) to
provide discriminant validity. In one study of 3- and 4-year-olds,
rhythm abilities predicted phonological awareness, but melody
perception predicted grammar (Politimou, Dalla Bella, Farrugia, &
Franco, 2019).

Regardless, for all of these theories, predicted associations be-
tween music and language should be evident when potential con-
founding variables (demographics, general cognitive ability, per-
sonality) are held constant. More specifically, according to Patel
and Kraus, music training should be associated with a variety of
language abilities, particularly speech perception. According to
Goswami or Gordon, rhythm ability should be correlated positively
with speech perception or grammar, respectively.

To test these predictions, we recruited a sample of Canadian
children 6 to 9 years of age, for whom language and musical
abilities are still developing rapidly and therefore particularly
plastic and amenable to training, and because younger children
would be less likely to have received formal music lessons. We
were skeptical about hypothesized associations between music
training and language ability because causal evidence is limited
and because in adulthood, rhythm discrimination predicts speech
perception, but music training does not (Swaminathan & Schel-
lenberg, 2017). Moreover, associations between music training and
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reading comprehension disappear when general cognitive ability is
held constant (Swaminathan, Schellenberg, & Venkatesan, 2018).
In any case, we expected that rthythm ability would be associated
with speech perception because the association is evident for
adults (Swaminathan & Schellenberg, 2017) and because meta-
analytical results document improvements in phonological aware-
ness as a consequence of rhythm training (Gordon, Fehd, et al.,
2015). We were less confident about finding a link between
rhythm ability and grammar because of conflicting evidence (Gor-
don, Shivers, et al., 2015; Politimou et al., 2019).

Method

The study protocol received ethical approval from the Research
Ethics Board of the University of Toronto.

Participants

Participants were 91 children (45 girls) between 6 and 9 years of
age (mean [M] = 7.84 years, standard deviation [SD] = 1.19),
recruited from families living in a large metropolitan area in
Canada. Age (in months) was held constant in the statistical
analyses. According to parent reports, fewer than half of the
children were monolingual native speakers of English (n = 44), a
reflection of the multicultural makeup of the local community. The
other children were bilingual or multilingual (n = 47), most of
whom started learning English in infancy (n = 88). The remaining
three started learning English by age 4. Nineteen of the bilingual
children were in French-immersion schools, having started to learn
French (in addition to English) at 5 or 6 years of age. In the
statistical analyses, we formed a dummy variable, bilingualism,
which compared monolingual children to all others (0 = mono-
lingual, 1 = bilingual/monolingual).

Power analysis conducted with G*#Power 3.1 (Faul, Erdfelder,
Buchner, & Lang, 2009) indicated that a sample of at least 89 was
required to have 95% probability of detecting a medium effect size
(i.e., d = .30, f = .15, Cohen, 1988) for each predictor variable in
a multiple-regression model that included seven to nine predictors.
This power analysis considered whether each predictor would have
a significant partial correlation with each outcome variable (i.e.,
with other predictors held constant).

Measures

Language ability. We measured speech perception with a
modified version of an AXB discrimination task used previously
with adults (Swaminathan & Schellenberg, 2017) but with fewer
trials and a video-game format. Stimuli were phonemic contrasts
from Zulu (Best, McRoberts, & Sithole, 1988). On each trial, three
Zulu tokens (CV syllables) were presented consecutively (1-s
offset-to-onset interval). The first (A) and third (B) sounds were
different speech tokens. The middle sound (X) was the standard.
On half of the trials, X was a nonidentical token from the same
phonemic category as A, and on others from the same category as
B. Children determined whether A or B was different from X.

The four conditions (C1-C4) were presented in fixed order such
that they increased in difficulty as a function of dissimilarity to
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English consonants (Best, McRoberts, & Goodell, 2001)." There
were eight blocks of 10 trials each, with two blocks per condition
(20 trials per condition). As expected, accuracy was highest in C1,
followed in descending order by C2, C3, and C4, ps < .001l.
Because performance in C4 was not reliably better than chance
(M = 9.62, SD = 1.98; chance = 10), we did not consider this
condition further. For our measure of speech perception, we ex-
tracted the principal component from scores in C1, C2, and C3. It
accounted for 54.0% of the variance in the measured variables and
was correlated strongly with C1 and C2 (rs > .8) and moderately
with C3 (r = .459).

We measured knowledge of English grammar (henceforth
grammar) with the Test for Reception of Grammar—Version 2
(TROG:; Bishop, 2003). On each trial, children matched spoken
sentences to one of four pictures. The test comprised 20 blocks of
five trials, with blocks presented in increasing order of difficulty.
Within blocks, each trial tested understanding of a single type of
grammatical construction. Children passed a block if they an-
swered correctly on all five trials. Scores represented the total
number of blocks passed.

Musical expertise. According to parent reports, children had
an average of 12.40 months of music lessons taken privately or in
school (SD = 26.30). In the statistical analyses that follow, dura-
tion of training was coded O for children with no training (n = 56),
1 for those with 2 years or less (n = 19), and 2 for children with
more than 2 years (n = 16). This method of coding was selected
because it maximized associations between music training and the
language variables, which proved to be weak. The results did not
change when other methods were used (online supplementary
materials, Table S1).

Musical ability was measured with the three-subtest version of
the Montreal Battery of Evaluation of Musical Abilities (MBEMA;
Peretz et al., 2013), which we adapted as a video game. On each
trial of the melody- and rhythm-discrimination subtests (hereafter
melody and rhythm), a standard melody was presented, followed
by a comparison melody (1-s offset-to-onset interval). Children
decided whether the two melodies were identical. Both subtests
comprised 20 trials (10 same, 10 different). On “different” trials
for the melody subtest, one tone in the comparison melody was
displaced in pitch. The rhythm subtest that followed had the same
standard melodies as the melody subtest, but on “different” trials,
the durations of two adjacent notes were switched.

The third and final subtest measured long-term memory for
music. It also comprised 20 trials, each with a single melody. On
10 trials, standard melodies from the previous subtests were pre-
sented. The other trials had novel melodies. Participants identified
whether each melody was “new” or “old.”

For each subtest, scores represented the number of correct
responses. Extraction of the principal component from the three
subtests provided an aggregate musical ability score. This latent
variable accounted for 69.2% of the variance in the measured
variables, each of which correlated highly with the latent variable,
rs > 7.

Socioeconomic status. Parents provided information about
annual family income and education (as in Corrigall, Schellen-
berg, & Misura, 2013; Schellenberg, 2006). Income was mea-
sured in increments of $25,000 ranging from 1 (<$25,000) to 9
(>$200,000). Both parents’ highest level of education was mea-
sured on a scale ranging from 1 (did not complete high school) to
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8 (graduate degree). Missing values were substituted with the
mean (mother’s education: n = 1, father’s education: n = 3, family
income: n = 13), which had no effect on the strength of associa-
tions but ensured that the sample comprised the same 91 children
for all analyses. A principal component (hereafter socioeconomic
status [SES]) was extracted for statistical analysis. It explained
57.2% of the variance in the original three measures, each of which
correlated highly with the latent variable, rs > .7.

General cognitive ability. The Wechsler Abbreviated Scale
of Intelligence (WASI; Wechsler, 1999) includes four subtests:
Block Design, Matrix Reasoning, Vocabulary, and Similarities. A
principal component (hereafter /Q) was extracted from the four
raw subtest scores (unstandardized for age) and used in subsequent
analyses. The latent variable accounted for 63.9% of the variance
in the original subtests, each of which loaded substantially onto the
latent variable, rs = .7. This method of measuring IQ (instead of
standardized scores) meant that it improved with age, as did the
other measures (except for personality and SES).

Because performance on tests of musical ability is associated
positively with verbal working memory (Hansen, Wallentin, &
Vuust, 2013), we also administered Digit Span. The sum of correct
responses on the forward and backward subtests was our measure
of working memory.

Personality. A parent completed the Big Five Inventory for
Children (BFI; John, Donahue, & Kentle, 1991; John, Naumann, &
Soto, 2008). Although we administered the entire scale, we were
interested only in the openness-to-experience dimension (hereaf-
ter, openness). The openness score was the average rating of the
relevant items. (The other personality dimensions did not have
significant correlations with any other variables measured in this
study, with one exception that is likely to be a Type I error. See
online supplemental materials, Table S2.)

Procedure

Testing was conducted over two sessions, with tests of speech
perception, grammar, 1Q, and working memory administered in the
first session (90 min) and musical ability tested in the second
session (25 min). Children were tested individually in a quiet
room, with auditory stimuli presented over high-quality head-
phones. During the first session, a parent completed a background
questionnaire that asked for information about family SES and the
child’s personality, language background, and history of music
training.

Results

Descriptive statistics for raw scores on the tests of language and
musical ability are provided in Table 1. The first analysis exam-
ined associations between musical expertise and language abilities
using the aggregate measure of musical ability. Simple correlations
between all pairs of variables are reported in Table 2. Because
gender and SES had no theoretical importance and were not

"' C1 contrasted voiceless (/4/) and voiced (/B/) lateral fricatives followed
by /e/, C2 had aspirated (/kh/) and ejective (glottalized, /k'/) velar stops
followed by /a/, C3 had plosive (/b/) and implosive (/6/) voiced bilabial
stops paired with /u/, and C4 had voiceless unaspirated apical and lateral
clicks paired with /a/.
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Table 1
Descriptive Statistics (N = 91) for the Measures of Language
and Musical Abilities (Raw Data)

Musical ability (MBEMA)

Statistic  Speech Grammar Melody Rhythm Memory Overall
M 14.48 13.52 14.26 14.99 14.49 43.84
SD 2.39 3.63 3.13 3.43 2.81 7.85
Chance  10.00 .00 10.00 10.00 10.00 30.00
Perfect ~ 20.00 20.00 20.00 20.00 20.00 60.00
Note. MBEMA = Montreal Battery of Evaluation of Musical Abilities.

Descriptive scores for speech reflect mean performance on the C1, C2, and
C3 conditions.

associated with the speech, grammar, or music variables, they were
excluded from further consideration in order to reduce collinearity.
Partial correlations (age and bilingualism held constant) are re-
ported in Table 3. Many pairs of variables were significantly and
positively correlated, as expected (see Table 2). When demo-
graphic variables were partialed out (see Table 3), correlations
tended to be smaller, but many remained significant. Both music
training and musical ability had associations with cognitive ability
and personality (e.g., Corrigall et al., 2013; Swaminathan & Schel-
lenberg, 2018b). Music training and musical ability were posi-
tively correlated, as were speech perception and grammar. Speech
perception and grammar had positive partial associations with
musical ability but not with music training. In fact, musical ability
had positive partial associations with all other variables, whereas
music training was associated only with musical ability and 1Q.

The principal analyses examined whether language skills were
associated with music variables when all other variables were held
constant. For both outcome measures (speech perception and
grammar), we used multiple regression, with predictor variables
that indexed musical expertise (music training, musical ability),
demographics (SES, bilingualism), cognition (IQ, working mem-
ory), and personality (openness).

The results for speech perception are summarized in Table 4.
The model accounted for 38.9% of the variance. Better speech
perception was evident among children with higher IQs and among
those with higher levels of musical ability, even with all other
variables held constant. Unexpectedly, openness was a significant
suppressor variable, such that higher levels of openness predicted
poorer performance on the test of speech perception. Suppres-
sion—when a positive simple association becomes a negative
partial association—means that openness was correcting for over-
estimates of speech-perception performance (i.e., higher predicted
than observed scores) by other variables in the model (Darlington,
1990).

Bayesian analyses confirmed that the best model of the data
comprised four predictor variables: 1Q, musical ability, openness,
and duration of music training, but music training and openness
were weighted negatively. The probability of the observed data
was 122 X 10? times greater with this model than the null model
(no predictors) and 9.94 times greater with this model than the full
model (seven predictors).” Removing each of the four predictors
one at a time revealed that the observed data were 299, 57.6, 3.49,
or 1.42 times less likely, respectively, when 1Q, musical ability,
openness, or duration of music training was removed from the
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model. In short, there was strong evidence that speech perception
was associated positively with IQ and musical ability, weak evi-
dence for a negative association with openness, and extremely
weak evidence for a negative association with music training (1 =
no association).

The results for grammar were similar (see Table 4). The model
accounted for 49.0% of the variance in performance, but only 1Q
and musical ability made significant independent contributions.
Bayesian analyses confirmed that the observed data were 213 X
107 times more likely with this two-variable model than with the
null model and 61.4 times more likely than with the full model.
Removing IQ and musical ability separately reduced the likelihood
of the observed data by factors of 193 X 10 and 127, respectively.
Adding music training as a third predictor reduced the likelihood
by a factor of 1.36. Thus, for both speech perception and grammar,
the main finding was that children with higher IQs and good
musical abilities tended to perform the best, even after accounting
for all other variables in the model, including music training.

Subsequent analyses focused on the three subtests from the
MBEMA, which were intercorrelated (melody and rhythm, r =
.532; melody and memory for music, » = .437; rhythm and
memory for music, r = .640; ps < .001). Simple and partial
correlations with other variables are reported in Table 5. All pairs
of variables had significant simple associations, but partial asso-
ciations were weaker and less consistent. For example, both lan-
guage measures had significant partial associations with rhythm
and memory for music but not with melody.

To test whether rhythm had a special association with language
abilities, we reran the regression analyses three times, each time
substituting one of the subtests from the MBEMA for the aggre-
gate measure (see Table 6). For speech perception, melody did not
make an independent contribution to the model, but rhythm did.
Nevertheless, memory for music also had a partial association with
speech perception that was similar in magnitude to the association
with thythm. For grammar, the results were similar. Melody had
no partial association with grammar, but rhythm and memory for
music did. In this instance, the partial association with memory for
music was larger in absolute magnitude than the partial association
with rhythm.

In the final analyses, we included rhythm and memory for music
as predictor variables in the regression models. Although the two
predictors as a pair increased the explained variance in speech
perception by 8.5%, p = .004, neither variable made a significant
contribution to the model (.05 < ps < .10) because the two
predictors were correlated. Similarly, for grammar, the two pre-
dictors increased the explained variance by 5.6%, p = .012, but
independent contributions of rhythm and memory for music were
both nonsignificant (.08 < ps < .15).

Bayesian analysis confirmed that for speech perception, the
observed data were 29.3 times more likely with a model that
included rhythm and memory for music in addition to IQ and

2 For ease of interpretation, we report BF,, for comparisons of the best
model to the null model, and we report BF,,; for comparisons of the best
model to other models. Thus, all Bayes factors are greater than 1, and all
are reported with 3-digit accuracy. Bayesian analyses were conducted with
open-source software (JASP 0.10.2; JASP Team, 2019), using its default
priors. The results were robust, however, across changes in the specifica-
tion of the prior or the way that music training was coded.
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Table 2
Simple Associations Among Variables

Variable Grammar Music training  Musical ability 1Q Working memory Openness Age  Gender SES Bilingualism
Speech perception 485" 144 A7 A70™ 323 —.066 4737 —.009 .045 211
Grammar 270" .558™ 595" 460™ 235" 497 —.163 202 .029
Music training A5T S21 179 223" 377 —.079 .000 132
Musical ability 486™ 502" 298 496" —.177 .034 051
1Q 424 203 677 .009 185 201
Working memory 113 334 —.028 255" .095
Openness .062 —.270"" .047 .021
Age —.045 —.152 .047
Gender .045 —.121
SES .085
Note. SES = socioeconomic status. Gender (0 = girls, 1 = boys) and bilingualism (0 = monolingual, 1 = other) were dummy coded.

*p < .05 (uncorrected, two-tailed). ™ p < .01 (uncorrected, two-tailed).

openness. Removing rhythm decreased the likelihood of the ob-
served data by a factor of 1.78, whereas removing memory for
music increased the likelihood by 1.37—very weak effects that
differed minimally. For grammar, the observed data were 60.3
times more likely with a model that included rhythm and memory
for music in addition to IQ. The observed data were 1.17 times less
likely when rhythm was removed and 1.02 times more likely when
memory for music was removed. Again, both differences were
minuscule. In short, rhythm and memory for music were similarly
good at predicting speech perception and grammar, and it mattered
little whether we used either or both predictors.

Discussion

Children’s performance on tests of speech perception and gram-
mar was predicted best by IQ and musical ability, even when
duration of music training, demographic variables, working mem-
ory, and openness to experience were held constant. The partial
association with musical ability (with training held constant) sug-
gests that the link stems primarily from predispositions. When
more specific aspects of musical ability (melody discrimination,
rhythm discrimination, long-term memory for music) were con-
sidered separately, thythm and memory for music predicted lan-
guage abilities (in combination with IQ), but melody did not.
Across analyses, associations with formal training in music were
relatively small compared with associations with musical ability.

In fact, after controlling for confounding variables, there were
no positive associations between language abilities and music
training. Moreover, even simple associations with music training
were weak (grammar) or absent (speech perception; Table 1),

despite the fact that we coded music training to maximize such
associations. The results from Bayesian statistics, which are more
robust against issues of power, make it unlikely that meaningful
associations would emerge with a larger sample, even though
evidence for the null hypothesis was not strong. These findings
raise doubts about the view that music training causes improve-
ments in a wide range of language abilities (e.g., Kraus & Chan-
drasekaran, 2010; Patel, 2011). After all, if a causal phenomenon
is unaccompanied by correlations in the real world, the putative
effect is either restricted to the laboratory, very weak, or nonex-
istent. Moreover, our music-training data were not anomalous in
the context of the published literature. As in previous research,
duration of music training was correlated positively with 1Q,
musical ability, and openness (Table 1; Corrigall et al., 2013;
Schellenberg, 2006; Swaminathan & Schellenberg, 2018b).

Perhaps null partial associations between music training and
language abilities are unsurprising considering that causal evi-
dence in this regard (i.e., from studies with random assignment and
an active control group) is unconvincing and because the hypoth-
esized link is analogous to proposing that training in mathematics
promotes better reading comprehension. Although mathematical
ability and reading ability are correlated, as are virtually all “nar-
row” cognitive abilities, such correlations are a reflection of gen-
eral cognitive ability (Carroll, 1993), and far-transfer effects (be-
tween distantly related domains) are rare if not impossible (Sala &
Gobet, 2017).

In fact, evidence that music training causes improvements in
language abilities among typically developing school-age children
comes from studies with an inordinate amount of attrition and a

Table 3
Partial Associations Among Variables (Controlling for Age and Bilingualism)
Music Musical Working

Variable Grammar training ability 1Q memory Openness
Speech perception 333" —.070 251 191 185 —.115
Grammar 103 4147 415 3617 235"
Music training 335" 375 .051 216"
Musical ability 234" 410" 308"
1Q 275" 222"
Working memory .097

“p = .05 (uncorrected, two-tailed).

**p = .01 (uncorrected, two-tailed).
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Table 4
Results From Multiple-Regression Models Predicting Speech
Perception and Grammar

Speech perception Grammar

Variable B P B P
Music training —.211 052 —.143 .146
Musical ability 329 .007 .299 .007
Age 192 125 076 .504
Bilingualism 157 .080 —.069 .398
1Q 291 .035 416 .001
Working memory .014 .890 132 168
Openness —.193 .039 075 371
Model
R? .389 <.001 490 <.001
Adjusted R* 337 <.001 447 <.001
F(7, 83) 7.535 <.001 11.394 <.001
Note. Bilingualism (0 = monolingual, 1 = other) was dummy coded.

passive control group (Slater et al., 2015); a task—with pitch
cues—that favored the music group over controls (Frangois, Chob-
ert, Besson, & Schon, 2013); or positive results for only one of
three word-reading tests, the one that was the least expected
(Moreno et al., 2009). Studies of younger children with random
assignment and active control groups have tended to focus on
improving listening skills in the music intervention, rather than on
learning to sing or play an instrument. The findings highlight
improvements in phonological awareness among 5-year-old Ger-
man children after 100 music-training sessions (Degé & Schwar-
zer, 2011; Patscheke, Degé, & Schwarzer, 2016) or improvements
in vocabulary and inhibition among 4- to 6-year-old Canadian
children after 20 sessions (Moreno et al., 2011). The latter result
raises the possibility that associations with music training gener-
alize beyond language. In any event, evidence that music training
selectively causes improvements in language abilities is limited.
Our results confirmed, however, that rhythm discrimination was
positively associated with language abilities (along with 1Q), even
when other confounding variables were held constant. This finding
is consistent with predictions from Goswami (2011) and Gordon,
Shivers, et al. (2015), who propose a link between rhythm and
speech perception and a link between rhythm and grammar, re-
spectively. The best evidence that thythm training causes language
improvements comes from an intervention that provided rhythm-
based music training to Italian 8- to 11-year-olds with dyslexia
(Flaugnacco et al., 2015). The training caused improvements in
performance on tests of phonological awareness and early reading
ability. Similar interventions for children with hearing loss report
similar results (Hidalgo, Falk, & Schon, 2017; Hidalgo, Pesnot-
Lerousseau, Marquis, Roman, & Schon, 2019). Perhaps music
training has a reliable impact on language abilities only among
children who have language difficulties and therefore much room
for improvement. In the present investigation, we replicated the
association between rhythm and language among typically devel-
oping Canadian children in a real-world context. Nevertheless, we
also found that performance on a test of memory for music was as
good as rhythm at predicting speech perception and grammar.
Thus, for typically developing children who take run-of-the-mill
music lessons, the link between musical ability and language
ability may be meaningful because it is independent of SES,
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general cognitive ability, and personality, but it does not appear to
be specific to rhythm.

The present response patterns are remarkably consistent with
results from twin studies, which indicate that the role of practice
and training in many areas (e.g., music, sports, professions; Eric-
sson, Krampe, & Tesch-Romer, 1993) has been overestimated
(Macnamara, Hambrick, & Oswald, 2014). For example, musical
achievement is a consequence of gene—environment interactions,
such that genetics influences the amount of practice, with practice
being particularly important for those with a predisposition for
music (Hambrick & Tucker-Drob, 2015). When genetics is held
constant by limiting the sample to monozygotic twins, musical
ability is independent of practice (Mosing, Madison, Pedersen,
Kuja-Halkola, & Ullén, 2014). Moreover, the link between prac-
ticing music and general cognitive ability is determined primarily
by genetics (Mosing, Madison, Pedersen, & Ullén, 2016), as is the
link between musical ability and general cognitive ability (Mosing,
Pedersen, Madison, & Ullén, 2014). In fact, musical ability ap-
pears to be determined by two independent genetic factors: one
associated with general cognitive ability, the other specifically
with musical ability (Mosing, Pedersen, et al., 2014). These same
two genetic factors may also influence language abilities and
account for the overlap with musical ability. In the present study,
both of our language measures were predicted jointly by 1Q and
musical ability.

Future research could attempt to replicate the present findings
with multiple measures of working memory, speech perception,
grammar, or other language abilities and with samples of children
from different cultures. The weak associations with music training
reported here could also be a consequence of the training not being
intensive enough; future research could examine more intensive
training or vary the intensity systematically. It would also be
interesting to measure musical expertise as lower-level perceptual
abilities (e.g., gap detection) or higher-level cognitive abilities
(e.g., musical expectancies) to determine the limits of associations
between musical and language abilities and, ultimately, to inform
theories of links between music and language. Such endeavors
could improve our understanding of the structure of the intellect in
general and the role of musical ability in particular (Carroll, 1993;
Peretz & Coltheart, 2003).

Table 5

Correlations and Partial Correlations (With Age and
Bilingualism Held Constant) Between Subtests From the
MBEMA and Other Variables

Musical ability (MBEMA)

Memory for
Melody Rhythm music

Variable r pr r pr r pr
Speech perception 206"  .035 443" 301" 403" 249"
Grammar 353 202 5277 404 505 3707
Music training 3727 270° 356" 230" 4157 3007

1Q 358 152 446" 235" 406" 167
Working memory ~ .329™ 233" 499*" 416" 415" 317"
Openness 206° 198 .262° 260" 273" 274"
Note. MBEMA = Montreal Battery of Evaluation of Musical Abilities.

“p = .05 (uncorrected, two-tailed). " p = .01 (uncorrected, two-tailed).
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Table 6

SWAMINATHAN AND SCHELLENBERG

Results From Regression Models (Standardized Slopes) Predicting Speech Perception

and Grammar

Speech perception Grammar

Variable Melody Rhythm Memory Melody Rhythm Memory
Music training —.133 —.176 —.202 —.086 —.104 —.132
Musical ability 034 325" 3017 .087 .249* 2617
Age 278" 221 202 141 112 .089
Bilingualism 149 148 153 —.073 —.077 —.073
1Q 284" 270" 305" A1 .398™ 427
Working memory 123 .010 .044 219" .146 162
Openness —.136 —.185" —.186" 120 .090 .084
Model
R? 333 397 .390™ 449™ 4827 A8T™
Adjusted R* 277 .346™ .338™ 403 438 4437
F(7, 83) 5.920™ 7.813™ 7.568"" 9.668" 11.020" 11.239™

Note. The musical ability variable (bold type) was melody, rhythm, or memory for music (memory).
Bilingualism (0 = monolingual, 1 = other) was dummy coded.

“p = .05 (uncorrected, two-tailed).

Having found little support for the theories we sought to test,
one might ask why and how these theories were formulated in the
first place. Over the last 20 years, as it became clear that the brain
remains plastic throughout the life span (e.g., Doidge, 2007),
reported associations between music and nonmusical abilities were
often presumed to be causal—a consequence of plasticity (Schel-
lenberg, 2019). The present data confirm that the association
between musical ability and language ability is meaningful be-
cause it is not an artifact of confounding variables. Music lessons
appear to play a very minor role, however, and musical abilities
other than rhythm processing may be equally important predictors
of language skills.
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