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Many claims have been made about links between musical expertise and language ability. Rhythm ability, in
particular, has been shown to predict phonological, grammatical, and second-language (L2) abilities,
whereas music training often predicts reading and speech-perception skills. Here, we asked whether musical
expertise—musical ability and/or music training—relates to L2 (English) abilities of Portuguese native
speakers. Participants (N = 154) rated their L2 ability on seven 7-point scales, one each for speaking, read-
ing, writing, comprehension, vocabulary, fluency, and accent. They also completed a test of general cogni-
tive ability, an objective test of musical ability with melody and rhythm subtests, and a questionnaire that
measured music training and other aspects of musical behaviors. L2 ability correlated positively with edu-
cation and cognitive ability but not with music training. It also had no association with musical ability or
with self-reports of musical behaviors. Moreover, Bayesian analyses provided evidence for the null hypoth-
eses (i.e., no link between L2 and rhythm ability, no link between L2 and years of music lessons). In short,
our findings—based on participants’ self-reports of L2 ability—raise doubts about proposed associations
between musical and second-language abilities, which may be limited to specific populations or measures.

Public Significance Statement

personal use of the individual user

Scholars, the media, and the general public have been intrigued by the idea of associations between
musical ability and nonmusical abilities, including second-language proficiency. In contrast to previous
results, however, in the present study, we did not find an association between second-language abilities
and music training, or between second-language proficiency and musical ability (melody or rhythm
skills). Our results raise doubts about (a) theories of links between music and language in general,
and music and second-language ability in particular, and (b) advocating for the inclusion of music train-
ing in school curricula because of its nonmusical by-products.

solely for the

Associations between musical expertise and language ability are
the focus of much research (for review see Nayak et al., 2022).
Some theorists (e.g., Patel, 2011, 2014; Tierney & Kraus, 2013) pro-
pose that formal music training improves language ability, focusing
on transfer from music to language. Others consider overlapping
genetic contributions and neural substrates (Nayak et al., 2022;
Sammler & Elmer, 2020; Turker & Reiterer, 2021), acknowledging
that natural musical ability influences who takes music lessons.
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The relevant research on music training typically precludes infer-
ences of causation (Schellenberg, 2020). Although associations
between training and language abilities (e.g., speech perception,
reading skills) abound, these could stem from general cognitive abil-
ities (e.g., Swaminathan et al., 2018; Tierney et al., 2020). Moreover,
a meta-analysis of longitudinal studies on music training and lan-
guage abilities was inconclusive because publication bias could
not be ruled out as a contributing factor to the observed but small
benefit of music training (Neves et al., 2022).

Studies of associations between musical ability and language are
motivated by proposals that the same genetically determined mecha-
nisms (e.g., working memory, entrainment; Nayak et al., 2022) are
used across domains (e.g., Kraus & Slater, 2016; Ladéanyi et al.,
2023; Patel & Morgan, 2017; Tervaniemi et al., 2021). As with most
human traits, musical ability varies normally in the general population
and can be tested among individuals with or without music training
(e.g., Law & Zentner, 2012; Wallentin et al., 2010). Rhythm abilities
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are thought to be particularly important because temporal processing is
central to phonological/syntactical processing and to music (Gordon,
Jacobs, et al., 2015; Goswami et al., 2016; Tallal & Gaab, 2006).

Indeed, children’s and adults’ rhythm- but not melody-
discrimination abilities correlate with their perception of nonnative
phonemes (Swaminathan & Schellenberg, 2017, 2020). Rhythm abil-
ities also predict children’s grammatical skills even when general cog-
nitive ability is held constant (Gordon, Shivers, et al., 2015;
Swaminathan & Schellenberg, 2020). Although rhythm abilities pre-
dict language ability better than melody abilities do, a third facet of
musical ability (memory for tunes) can have associations with lan-
guage similar in magnitude to those observed for rhythm
(Swaminathan & Schellenberg, 2020). In one instance (Anvari et al.,
2002), melody abilities better predicted the pre-reading skills of 4-
and 5-year-olds compared to rhythm abilities. Thus, the “special” asso-
ciation between rhythm and language may be unreliable, or dependent
on age or which other aspects of musical ability are considered.

Here, we asked whether musical expertise—training or ability—
correlates with second-language (L2) proficiency, and whether
rhythm ability plays a special role. Music training and musical abil-
ity are correlated positively, and both variables correlate with general
cognitive ability, although the association is stronger for thythm than
for melody (e.g., Correia et al., 2022; Swaminathan et al., 2021).
Music training predicts U.S. undergraduates’ ability to speak in
Spanish (Posedel et al., 2012), Indian children’s English
word-reading ability (Swaminathan & Gopinath, 2013), and
Italian 11- to 15-year-olds’ performance on an English spelling
test (Talamini et al., 2018). Musical ability also correlates with L2
proficiency (for reviews see Milovanov & Tervaniemi, 2011;
Nayak et al., 2022). Among Finnish children and adults, L2
(English) pronunciation is better for those with higher levels of
musical ability (Milovanov et al., 2008, 2010). Musical abilities
also predict English-speaking adults’ ability to produce and perceive
Mandarin tone-words (Li & DeKeyser, 2017), and German speak-
ers’ ability to fake a French accent (Coumel et al., 2019). For
Japanese immigrants to the United States, English receptive and pro-
ductive phonological abilities correlate with musical ability, even
after accounting for the age of arrival and duration of time in the
United States (Sleve & Miyake, 2006).

To date, no study has examined rhythm separately from other
aspects of musical ability, except for one study of French speakers,
whose rhythm- but not melody-discrimination abilities were corre-
lated with their years of foreign-language training (Bhatara et al.,
2015). Because general cognitive ability was not measured, high-
functioning individuals may have had more foreign-language
courses and better rhythm skills. The present study was a conceptual
replication and extension of Bhatara et al., using the same rhythm
and melody tests, but including a test of cognitive ability and a self-
report measure with seven different dimensions of L2 proficiency.

Although self-reports are suboptimal compared to measuring
actual behavior (Baumeister et al., 2007; Kaushanskaya et al.,
2020), an objective evaluation of L2 ability (reading, speaking, writ-
ing, and so on) with a large sample is difficult to implement in an
online study. Regardless, self-reports of L2 proficiency correlate
strongly with objective tests (Kaushanskaya et al., 2020; Marian et
al., 2007), even when participants who provide high self-ratings
overestimate their ability (Shi, 2011). Our measure, from
Swaminathan et al. (2021), included items from an established
inventory (i.e., speaking, comprehension, reading, and accent;

Marian et al., 2007). Evidence for its validity comes from speakers
of tonal languages, who completed the scale in relation to their par-
ticular tonal language (primarily Mandarin or Cantonese;
Swaminathan et al., 2021). Their L2 scores correlated positively
with performance on a test of melody (but not rhythm) ability.
Presumably, facility at identifying words that vary in pitch or contour
generalizes to melodies.

Previous reports using objective tests of L2 ability measured pro-
nunciation (Milovanov et al., 2008), pronunciation and phonemic
discrimination (Milovanov et al., 2010), or the perception and pro-
duction of isolated words (Li & DeKeyser, 2017). Coumel et al.
(2019) examined how well German participants could speak
German with a French accent, not their proficiency with L2
(French). Sleve and Miyake’s (2006) study was exemplary because
native Japanese speakers living in the United States took four tests
(receptive phonology, productive phonology, grammar, and idioms).
Although we contend that our L2 self-reports were a suitable option
for online testing, we make no claim that they were equivalent to a
battery of objective tests.

Method
Transparency and Openness

The data (https:/osf.io/9uqn6/?view_only=046b526514524c559b
d91f8a3bd86907) and stimuli/procedures (https:/app.gorilla.sc/
openmaterials/218554) are available online. This study was not
preregistered.

Participants

The research protocol was approved by Iscte’s ethics committee
(reference 07/2021). Participants were 154 native Portuguese speak-
ers: 39 men, 115 women, a gender imbalance typical of samples
recruited identically (e.g., Correia et al., 2023: 76% women). The
sample had 89% power to detect partial correlations of 0.25 or
greater (three covariates; Faul et al., 2007). The mean age was
23.8 years (SD =17.5, range: 18-55); 79% were 25 or younger.
Only one participant had not completed high school; 94, 44, 14,
and 1 had a high-school, bachelor’s, master’s, or doctoral degree,
respectively. Almost half (n =70) had no formal music lessons.
Others had 6 months (n = 6), 1 year (n =19), 2 years (n = 16), 3—
5 years (n = 18), 6-9 years (n = 17), or at least 10 years (n = 8).

Measures
Self-Report Questionnaires

A background questionnaire measured age, sex, education, and
native language. Following Swaminathan et al. (2021), participants
rated their English proficiency from 1 (no knowledge) to 7 ( perfect
knowledge) on separate scales for Speaking, Reading, Writing,
Comprehension, Vocabulary, Fluency, and Accent.!

Musical expertise and activities were measured with the Goldsmiths
Musical Sophistication Index (Gold-MSI; Miillensiefen et al., 2014;
Portuguese translation: Lima et al., 2020), which has five subscales
(Active Engagement, Perceptual Abilities, Music Training, Singing

! Onset of L2 learning was not informative because almost all Portuguese
children start studying English in 5th grade.
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Abilities, and Emotions) and an aggregate (General Factor) score.
(Capitalized words indicate measured variables.) Example items are
provided in Table 1. For statistical analyses of music training, we
used (a) the Music Training subscale, which considers not only lessons
but also lifelong practice, hours of practice, music theory, number of
instruments played, compliments, and whether participants identify
as musicians, and (b) years of music lessons, a single item from the
same subscale.

Objective Ability Tests

The 8-min Matrix Reasoning Item Bank (MaRs-IB; Chierchia et al.,
2019) is an 8-min test of general cognitive ability modeled after
Raven’s matrices tests. On each trial, a 3 x 3 matrix was presented
with one empty cell. The other eight cells illustrated abstract shapes
that varied systematically on one to four dimensions. On each trial, par-
ticipants selected one of four options for the missing cell. For statistical
analysis, proportion-correct scores were logit-transformed.

The 20-min Musical Ear Test (MET; Wallentin et al., 2010) has
Melody and Rhythm subtests (in that order), both with 52 trials
(26 same, 26 different), and good reliability and validity (Correia
et al., 2022; Swaminathan et al., 2021). On each trial, listeners
heard two sequences of tones (Melody) or drumbeats (Rhythm)
and judged whether the second sequence was identical to the first.
On different trials, at least one tone or drumbeat was displaced in
pitch or time, respectively. Each sequence in the Melody subtest
began on the downbeat of one measure and ended on the next down-
beat (4/4 time), with downbeats separated by 2,400 ms. Rhythm
sequences were similarly structured except for syncopated
sequences that did not begin or end on downbeats. Some participants
had missing data (Melody: n = 11; Rhythm, n = 6).

Procedure

A 40-min session in Gorilla (Anwyl-Irvine et al., 2020) com-
prised questionnaires (demographics, L2, then Gold-MSI) followed
by objective tests (MaRs-IB then MET).

Table 1
Two Sample Items from Each Subscale of the Gold-MSI

Subscale Sample items
Active I spend a lot of my free time doing music-related
engagement activities.
I often read or search the internet for things related to
music.
Perceptual I can compare and discuss differences between two
abilities performances or versions of the same piece of music.

I can tell when people sing or play out of tune.

I have had years of formal training on a musical
instrument (including voice) during my lifetime.”

I would not consider myself a musician. (reverse coded)

I am able to hit the right notes when I sing along with a
recording.

After hearing a new song two or three times, I can usually
sing it by myself.

Music training

Singing abilities

Emotions I am able to talk about the emotions that a piece of music
evokes for me.

Music can evoke my memories of past people and places.

Note. For 31 of 39 items, responses were made on scales from 1

(completely agree) to 7 (completely disagree). * Response options were
made on a different 7-point ordinal scale: 0, 0.5, 1, 2, 3-5, 6-9, or 10 or
more years.
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Statistical Analyses

We initially compared the different L2 ratings and asked whether
L2 ability was associated with demographics. After testing for cor-
relations among the music variables, we examined whether musical
abilities and music training predicted L2 abilities.

Results

Descriptive statistics are provided in Table 2. A repeated-
measures ANOVA confirmed that participants’ ratings varied across
the L2 items, F(6, 918) = 64.98, p <.001, partial nz =10.298 (see
Figure 1). Ratings were highest for comprehension and reading,
which did not differ, and lowest for accent (Holm corrected).
Speaking, vocabulary, and writing fell between and did not differ.
Speaking and vocabulary (but not writing) were also higher than
fluency.

Pairwise correlations among ratings ranged from r = .566 (com-
prehension and accent) to r = .887 (speaking and fluency), Ns =
154, ps < .001. In order to improve construct validity, reduce redun-
dancy, and eliminate item-specific measurement error, and because
we had no hypotheses about different facets of L2 proficiency, we
extracted the principal component (hereafter L2 ability) for subse-
quent analyses. L2 ability accounted for 80% of the variance in
the original ratings.

Tests of demographic variables revealed that men provided higher
L2 self-ratings compared to women, #(152)=2.25, p=.026,
Cohen’s d =0.416. L2 ability also had small positive associations
with education, r=.243, N =154, p = .002, and cognitive ability,
r=.158, N=154, p=.050, but not with age, p =.149. Gender,
education, and cognitive ability were held constant in the main
analyses.

Table 2
Descriptive Statistics

Study variable n M SD Median Min Max
L2 self-ratings
Speaking 154 5.16 1.22 5 2 7
Reading 154 5.67 1.13 6 2 7
Writing 154 5.06 1.29 5 1 7
Comprehension 154 5.68 1.07 6 1 7
Vocabulary 154 5.14 1.17 5 1 7
Fluency 154 4.95 1.38 5 1 7
Accent 154 452 1.45 5 1 7
Gold-MSI
Active engagement 154 4.00 1.10 3.94 144  6.89
Perceptual abilities 154 5.10 0.88 5.10 2.56 6.78
Music training 154 2.89 1.60 2.50 1.00  6.57
Singing abilities 154 3.89 1.04 3.86 1.14  6.86
Emotions 154 5.74 0.81 6.00 333 7.00
General factor 154 3.79 1.01 3.78 1.72  6.44
Years of music lessons 154 2.93 2.07 3.00 1.00  7.00
MET

Melody 143 34.09 6.00 34 21 49
Rhythm 148 35.28 5.69 34 21 49

Cognitive ability
MaRs-IB (% correct) 154 613 16.3 63.6 24.1 94.6

Note. Gold-MSI = Goldsmiths Musical Sophistication Index; MET =
musical ear test.
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Figure 1
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Means on the Seven Individual Items From the Test of L2 Ability

7

Mean Score
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Speaking Reading Writing

Note. Error bars are SES.

MET Melody and Rhythm scores were correlated, r=.555, n=
141, p <.001, and both scores correlated with Gold-MSI scores (see
Table 3). Exceptions included null associations between both MET
subtests and Emotions, and between Melody and Active Engagement.

As shown in Table 4 and Figure 2, L2 ability was not correlated with
Melody or Rhythm scores, or with the Gold-MSI subscales, the
General Factor, or years of music lessons. Bayesian statistics (JASP
0.16.4, default priors; JASP Team, 2022) determined whether the
observed data were more likely under the null or alternative hypothesis.
Following convention (Lee & Wagenmakers, 2014), a Bayes factor
(BF, reported here with three-digit accuracy) of 3.00 or more pro-
vided evidence for the alternative hypothesis; reciprocal values
(<0.333) provided evidence for the null. When BF;q=1.00, the
data were equally likely under the null or alternative hypothesis.

As shown in Table 3, Bayes factors provided evidence for pairwise
correlations among the music variables, except for associations
between either MET subtest and Emotions. For the association between
L2 ability and Rhythm, however, and between L2 ability and years of

Table 3

Partial Correlations (Pearson and Bayes Factors) Between Musical
Ability Measured Objectively with the MET, and Self-Reports
Measured with the Gold-MSI (Gender, Education, and Cognitive

Comprehension Vocabulary

L2 Ability

Fluency Accent

music lessons (Table 4), the observed data provided evidence for the
null hypothesis, a finding that extended to a null association between
L2 ability and Active Engagement. The other six Bayes factors were
less than 1.00, which is improbable if the alternative and null hypoth-
eses were equally likely in each case (p =.031, binomial test, two-
tailed). Analyses of individual L2 items are provided in the online sup-
plemental materials (Tables S1-S7). No associations were evident with
any music variable for any L2 ability. In fact, all Bayes factors (except
one) were below 1.00. (The exception, between L2 Accent and
Emotions, was nonsignificant, r=.157, p=.055, BF;q=1.66).
Because one participant’s L2 ability was more than three SDs below
the mean, we re-ran the main analyses with this outlier removed. The
results did not change (Table S8 in the online supplemental materials).

Discussion

We asked whether musical expertise predicted L2 proficiency
among Portuguese-speaking adults. In contrast to a previous report

Table 4

Partial Correlations (Pearson and Bayes Factors) Between L2
Ability and Musical Ability (Gender, Education, and Cognitive
Ability Held Constant)

Ability Held Constant) Musical ability variable r P BFg
MET
MET melod MET rhyth:
melody rhythm Melody 066 440 0410
Gold-MSI variable r p BFo r p BFo Rhythm .028 742 0.328
Gold-MSI Gold-MSI
Active engagement .081 339 0427 213 010 5.89 Active engagement .004 .960 0.305
Perceptual abilities 270 .001  33.7 244 003 153 Perceptual abilities .107 .193 0.650
Music training 395 <001 >100 219 .008 7.09 Music training .058 481 0.381
Singing abilities 250 .003 164 220 .008  7.31 Singing abilities .063 445 0.396
Emotions .164 052 1.68 139 .096  1.03 Emotions 101 216 0.605
General factor 335 <001 >100 .258 .002 25.1 General factor .075 .358 0.445
Years of music lessons  .309  <.001 >100 .201 .015 4.17 Years of music lessons .002 .984 0.305
Note. Gold-MSI = Goldsmiths Musical Sophistication Index; MET = Note. Gold-MSI = Goldsmiths Musical Sophistication Index; MET =

musical ear test.

musical ear test.
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Figure 2
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Scatterplots Illustrating Null Associations Between L2 Ability and the MET Melody Subtest (Upper Left), the MET Rhythm Subtest (Upper
Right), the Music Training Subscale from the Gold-MSI (Lower Left), and Years of Music Lessons (Lower Right)

2 - 2 -
1} 1+ . . ee 30 . . .
U A ‘i .
: . : : M : . . o - ™
or S — — — tepet e
. . R ] St e :
1k a | : e . . . 3
‘ I
2+ 2+ . * .
3L . 3| .
-4 1 L 1 ! ! y -4 1 1 ! 1 1 J
2 20 25 30 35 40 45 50 20 25 30 35 40 45 50
3 MET Melody MET Rhythm
o 2 2 -
s . . . . c. s . . . .
° . s
L o . . . e o . L . [ ] .
' TR ITUENHE . ! S
*%s s A T o« 50 . o . : : ' .
0 r e or 1 . : t - ]
. * . . . LN e o ! . . . E : : ' ;
-1 F « . et . : ’ -1 ! 4 3 .
L ° . °
ot ., . o ! 0
2 F HN -2+ ' . *
3} * 3} .
-4 L L 1 1 1 L ) -4 1 1 1 L 1 1 )
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Music Training (Gold-MSI subscale) Years of Music Lessons (Gold-MSI item)
Note. Scores for L2 Ability are standardized (M =0, SD = 1).

(Bhatara et al., 2015), there was no association between self-reports
of L2 ability and (a) musical ability as measured objectively by the
MET, or (b) musical behaviors and experiences as measured by the
Gold-MSI. Moreover, for the association between L2 and rhythm
ability, the data favored the null hypothesis, as they did for the asso-
ciation with years of music lessons.

Why do our findings diverge from those of Bhatara et al. (2015)?
Although we used the same test of musical ability, we measured L2
proficiency differently. In the earlier study, participants self-reported
the number of years they had studied a second language, which pro-
vided no guarantee of L2 ability—some participants may have con-
sistently received low grades. By contrast, our participants rated
seven different aspects of their English abilities, from which we
extracted the common variance to minimize measurement error
and maximize construct validity. Future research could test our mea-
sure of L2 proficiency in other contexts, along with objective mea-
sures of language ability, preferably with repeated administration
to document reliability.

Other findings of associations between L2 ability and musical
experience could stem from failing to account for general cognitive
ability (Bhatara et al., 2015; Li & DeKeyser, 2017) or music training
(Coumel etal., 2019; Sleve & Miyake, 2006). Indeed, cognitive abil-
ity predicts performance on most tasks (Carroll, 1993; Schellenberg
& Weiss, 2013), and music training is an excellent predictor of

musical and general cognitive ability (e.g., Correia et al., 2022;
Swaminathan et al., 2021). Operational definitions of language abil-
ity could also matter, with some but not all aspects of language
related to musical ability. In childhood, rhythm ability predicts
grammar skills even when general ability is held constant, but the
association with phonological awareness disappears (Gordon,
Shivers, et al., 2015; Swaminathan & Schellenberg, 2020). Adults
and children with good rhythm abilities also exhibit enhanced non-
native phoneme discrimination, even after accounting for music
training and general ability (Swaminathan & Schellenberg, 2017,
2020). Perhaps rhythm is important early in language (or L2) devel-
opment and/or when the experimental stimuli are unfamiliar. In any
event, the specificity of links between rhythm ability and language
remains an open question (Anvari et al., 2002; Swaminathan &
Schellenberg, 2020).

For demographics, L2 ability had small associations with gender,
education, and cognitive ability. Similar but illusory male superior-
ity effects are evident for self-estimates of IQ (Furnham et al., 2005),
academic ability (Cooper et al., 2018), job performance (Herbst,
2020), and musical ability (Correia et al., 2023), even though actual
ability does not differ between men and women. For education and
general ability, positive associations with L2 ability provided
evidence for the construct validity of our measure. Additional
evidence came from differences among L2 items, which confirmed
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that self-reported linguistic competence (e.g., comprehension,
reading) exceeded performance (e.g., speaking, fluency; Chomsky,
1965).

To conclude, we found no evidence that self-reported language
ability relates to musical expertise, including rhythm ability, melody
ability, years of music lessons, or music training considered more
broadly. In fact, the data corroborated null associations between
L2 ability and rhythm abilities, and between L2 ability and years
of music lessons. Although our results might reflect how we mea-
sured L2 ability, null associations between music and language abil-
ities have important implications for debates on transfer from music
to language.
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