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The Relationship Between L2
Phonological Processing and Early
Musical Training in Adult Bilinguals
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Abstract
Bilinguals who speak English as their second-learnt (L2), yet dominant language from a young age, have been previously
shown to experience difficulties in adulthood when dealing with spoken English (i.e., phonological processing) compared
to native monolinguals. The present study investigated whether the processing disadvantage in this group of bilinguals
could be modulated by engagement in early musical training, a practice that, like phonological processing, requires the
complex manipulation of sounds. To this end, performance on three English auditory processing tasks (phoneme
deletion, spelling-to-dictation, and auditory comprehension) was measured in early L2-dominant bilingual and native
English monolingual adults who had or had never received early musical training. The processing difficulties that were
detected in bilingual adults without musical training were completely absent in those who had received formal musical
training as children, such that performance was matched with their monolingual counterparts. The results indicate that
early musical training has the potential to be an effective long-term intervention for individuals who experience weakness
in phonological processing.
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Introduction

Engagement in musical training has been shown to provide
strong benefits for numerous areas of language processing,
especially in the domain of phonology (Gordon et al.,
2015; Herrera et al., 2011; Patscheke et al., 2016). The
ability to analyze and manipulate language down to the
smallest unit of sound (i.e., the phoneme) is essential for
generating a meaningful interpretation of the speech signal.
The phoneme provides the lowest level at which the acous-
tic signal can be converted into its auditory equivalent in
order to allow access to the mentally stored representation
of a spoken word. Moreover, being sublexical, phonemic
processing allows the mental representation of a novel spo-
ken word (or non-word) to be formed. Therefore, differ-
ences in the ability of a person to analyze and manipulate
phonemes is likely to have an impact on their ability to
process spoken words, especially when the words are
novel, and there is evidence of this in bilinguals, even when

their second language (i.e., L2) was learnt early in life and
has become their dominant language in adulthood (e.g.,
Nguyen-Hoan & Taft, 2010). Given the known benefits
of musical training, then, the aim of the present study is
to establish whether early musical training is associated
with phonological performance for such “early L2-
dominant bilinguals” that is at the same level as their
monolingual counterparts. It has been previously shown
that the phonological proficiency of bilingual children can
be improved through musical training (e.g., Patscheke
et al., 2016), but we do not know whether the level of
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improvement through to adulthood is such that their speech
processing is comparable to that of monolinguals.

Music-to-Language Transfer Effects in L1

In recent years, a growing body of literature has linked
early musical training (i.e., learning an instrument) to
enhancements in multiple areas of language processing
such as speech and auditory perception (e.g., François &
Schön, 2011; Tierney et al., 2015) and phonological pro-
cessing skills (e.g., Gordon et al., 2015; Herrera et al.,
2011; Patscheke et al., 2016; Seither-Preisler et al.,
2014). For example, Magne et al. (2006) found that musi-
cally trained 7- to 9-year-olds were better able to detect
small pitch inconsistencies in sentences than those who
were not musically trained. Similarly, Chobert et al.
(2011) demonstrated that musically trained 9-year-olds
had enhanced sensitivity and increased brain responses
to deviations in the duration and frequency of syllables,
voice-onset-time, and speech segmentation compared to
those without training. Considering that speech and music
both rely heavily on auditory learning, it is unsurprising
that both practices share commonalities at an acoustic
level, such as neuronal substrates for auditory perception
(e.g., Peretz et al., 2015), and utilize similar information
processing systems and strategies (Kraus et al., 2009;
Patel, 2011, 2014; Schön et al., 2010). Specifically, both
music and speech rely on similar acoustic cues, including
duration, frequency, pitch, and timbre (e.g., Kraus et al.,
2009; Kraus & Chandrasekaran, 2010; Seither-Preisler
et al., 2014). As such, music-to-language transfer effects
are thought to arise from the mechanisms that musical
training and speech processing share for learning sound
categories (McMullen & Saffran, 2004; Patel, 2008;
Patscheke et al., 2018).

Especially during early childhood where music and lan-
guage abilities develop rapidly, the skills required to pro-
cess minute acoustic variations in music can transfer to
linguistic-related auditory processing tasks, namely, phono-
logical processing (e.g., Anvari et al., 2002). Such music-
to-phonological transfer effects stem from the similarities
that both practices have in segmenting the relevant acoustic
cues into smaller sound units. For example, phonological
processing requires deconstruction of speech and identifi-
cation of the individual sound units across variation in
pitch, tempo, speaker, and context. Likewise, musical per-
ception involves the segmentation of phrases and chords
into notes. Further, the enhanced timing precision and
metrical skills (i.e., rhythm in music) that is developed as
a result of musical training, facilitates one’s ability to pro-
cess rhymes, segment words, and manipulate phonemes
(e.g., Anvari et al., 2002; Huss et al., 2011; Tierney &
Kraus, 2014; Woodruff Carr et al., 2014). The resulting
enhancement in segmentation and auditory-related abilities
has been repeatedly shown to enrich phonological process-
ing in children of all ages from 4 to 9 years

(e.g., Anvari et al., 2002; Degé & Schwarzer, 2011;
Gromko, 2005) as well as in adolescents (e.g., Tierney
et al., 2015). Remaining long-term effects have also been
found in adults who reported engaging in early musical
training and regardless of whether their training ceased after
several years (e.g., Dittinger et al., 2016; Zuk et al., 2013).

Phonological Processing in L2

Given that musical training has been shown to enhance
phonological performance in the general population of
adults, the question can be raised as to whether early L2-
dominant bilingual adults, who experience phonological
processing disadvantages, can also benefit from musical
training. Specifically, Nguyen-Hoan and Taft (2010) found
that early L2-dominant bilingual adults process units of
sound at a larger grain-size than monolinguals, displaying
less sensitivity to the phonemic level of processing. This
was true despite the heterogeneity of L1 amongst the bilin-
gual participants and the notion that L1-to-L2 transfer
effects may vary based on the structural distance between
the two languages (e.g., Holm & Dodd, 1996; Wang et al.,
2003). Grain-sizes larger than the phoneme include the
syllable as well as subsyllabic phoneme combinations such
as complex onsets (i.e., when there is more than one con-
sonant preceding the vowel, e.g., the /gr/ of the
non-word /grεŋk/, i.e., “grenk”) and rimes (i.e., the vowel
plus any subsequent consonants, e.g., the /εŋk/ in /grεŋk/).
Processing on the basis of such units results in the use of
sub-optimal strategies for deciphering novel utterances and
interpreting spoken discourse involving novel words for
meaning. Such tasks require analysis at the sublexical level,
in contrast to real words which can be recognized using any
grain-size of processing, including the word as a whole.
Thus, the non-native-like performance of early L2-
dominant bilinguals in tasks that use novel words
(Nguyen-Hoan & Taft, 2010) suggests that their auditory
processing mechanisms have not been optimally attuned,
which is a putative consequence of the delay in L2 acqui-
sition compared to the time of first exposure to an L1 (see
Gordon et al., 2015, for a review).

The Relationship between Musical Training and L2
Phonological Processing

Whilst a large body of literature supports the benefits of
musical training on native language literacy and skills, less
is known about its effects on L2 acquisition and perfor-
mance. Given that phonological processing is a skill that
underlies language performance in general, it might be
expected that any advantages in phonological processing
gained from musical training would not only be observed
in an individual’s native language, but in L2 processing as
well. This was indeed shown to be true by Slevc and
Miyake (2006) who found in Japanese-English late bilin-
guals (i.e., with no L2 immersion before the age of 12
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years) that musical training and experience enhanced L2
receptive and productive phonology, as distinct from other
areas of L2 proficiency such as syntax and lexical knowl-
edge. Their findings suggest that engagement in musical
training may facilitate the development of L2 sound
mechanisms. Further, Herrera et al. (2011) found that pre-
school children, who were randomly allocated to engage
in a musical training programme, demonstrated enhanced
phonological awareness when processing Spanish regard-
less of whether it was their native or second language, and
compared to those who did not receive training. Such an
enhancement in phonological skills has also been
observed in L1-dominant bilingual children with a variety
of L1 and L2 language backgrounds such as Kurdish,
Asian, and European languages (Patscheke et al., 2016).
Together, these results not only substantiate the notion
that musical training is an effective means of improving
phonological performance, but also are fundamental in
highlighting that its transfer effects are not limited to
native or specific languages.

While the focus of the existing literature has been to
explore the effects of musical training on bilingual chil-
dren, the outcomes for early L2-dominant bilingual adults
has not been examined. Whether early musical training
enables phonological performance in these bilinguals to
match that of monolinguals is currently unknown. While
it is unlikely that late bilingual adults would be ever able to
achieve native-like proficiency in L2, the subtleties of the
processing differences exhibited by early L2-dominant
bilinguals suggest that their phonological performance has
the potential to match that of their monolingual peers when
musically trained. If this is found to be the case, the result-
ing association between musical training and phonological
processing may indicate training as a potentially effective
non-targeted long-term intervention for this group of
individuals.

Given that biological evidence for long-term training-
driven neural plasticity in the auditory system has been
found (e.g., White-Schwoch et al., 2013), long-term bene-
fits of training on phonological processing in early L2-
dominant bilinguals seems likely. For example, in a
cross-sectional study, Skoe and Kraus (2012) found that
adults who had received formal musical instruction during
childhood had more robust brainstem responses to sound
than those who had never received training, suggesting that
neural changes associated with musical training during
childhood persist into adulthood. Further, the musician’s
brain has been shown to have the ability to coordinate
complex communication between various brain regions
during different developmental stages, allowing an
enhanced response to a broader range of auditory input
relative to non-musicians (e.g., Besson et al., 2016; Car-
pentier et al., 2016; Patel, 2011). Musical training also
activates and fine-tunes the auditory processing system and
acoustic-related neural mechanisms across the lifespan
(Patel, 2011, 2014), which are similarly utilized during

language acquisition and use. Therefore, early musical
training, which begins during the period where a second
language is still being acquired, may enhance phonological
processing in both L1 and L2, and persist long-term.

Thus, the present study aimed to examine whether the
phonological processing of early L2-dominant bilingual
adults might be more native-like if they have had early
musical training (i.e., beginning before the age of around
8 years) than was observed by Nguyen-Hoan and Taft
(2010). Indeed, their performance might be indistinguish-
able from that of monolinguals. The ideal design to exam-
ine this would be to randomly assign participants to
musical training and no musical training conditions in
their childhood and then compare their phonological per-
formance as adults. However, such a longitudinal design
is obviously impracticable and, therefore, the present
study uses a quasi-experimental approach by making use
of individuals who have already received early musical
training. While this does raise the issue of causality,
which will be addressed at a later point, such a design
at least allows for an examination of whether early musi-
cal training is associated with enhanced language process-
ing. A factorial design was therefore employed, with the
factors being language background (i.e., monolingual or
bilingual) and musical training experience (i.e., with or
without early musical training).

The same series of tasks examined by Nguyen-Hoan
and Taft (2010) was adopted here: phoneme deletion,
spelling-to-dictation, and auditory comprehension. In addi-
tion to these phonological tasks, visual memory was mea-
sured to determine whether any impact of musical training
was restricted to phonological processing, or whether it
generalized to other domains. Previous evidence suggests
that visual memory is influenced by neither musical train-
ing (Ho et al., 2003) nor language background (Namazi &
Thordardottir, 2010) and, therefore, it was expected that
there would be no differences in visual memory perfor-
mance between the groups.

Performance was compared between musically trained
English monolinguals, musically trained English-L2 bilin-
guals, English monolinguals with no musical training, and
English L2-bilinguals with no musical training. All parti-
cipants had their formal education in an English-speaking
country (primarily Australia) and hence were dominant in
English while still being fluent in their L1. Although
Nguyen-Hoan and Taft (2010) found differences in per-
formance between bilinguals from different L1 back-
grounds (e.g., Chinese versus non-morphosyllabic
languages), the bilinguals as a group nevertheless exhib-
ited poorer performance on the phonological processing
tasks relative to the monolingual English speakers. There-
fore, no attempt was made to test bilinguals from only one
specific L1 language background, though about half of
them spoke Chinese as their L1 (either Mandarin or
Cantonese).
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Method

Description of Participants

Participants were recruited on the basis of their responses
to a pre-screening questionnaire that inquired about lan-
guage background and musical training. All bilingual par-
ticipants reported that they had learnt their non-English
language prior to learning English, which had then
become their dominant language. They also had com-
pleted all their formal education in an English-speaking
country (primarily Australia) and reported native-like pro-
ficiency in English. Musically trained participants had
received at least five years of formal training (i.e., learn-
ing an instrument) that commenced before the age of 8
years.1 None of the participants reported having any prob-
lems with speech, hearing, or language development, and
all were current students at the University of New South
Wales (UNSW Sydney). There were four groups of parti-
cipants, with n = 30 in each.

Detailed participant characteristics were ascertained
from a questionnaire administered during the study and
these are presented in Table 1. On average, the musical
bilingual group commenced their musical training at an
earlier age than did the musical monolingual group, t(58)
= 2.54, p = .014, and there was a trend for bilinguals to
have more frequent musical engagement per week than
monolinguals, t(58) = 1.77, p = .081. Therefore, if musi-
cally trained monolinguals were to show an advantage over
musically trained bilinguals on any of the performance
measures to be outlined later, this cannot be attributed to
the former having had more exposure to their training than

the latter. All other variables were matched between the
relevant groups, all p’s > .10. As there was an uneven
distribution of females and males across the four groups,
however, sex was entered as a covariate in all analyses of
the performance data in order to hold it constant as a factor.

Materials and Procedure

In addition to the three phonological tasks (adapted from
Nguyen-Hoan & Taft, 2010) and the visual memory task,
non-verbal intelligence was measured using Raven’s
Advanced Progressive Matrices (RAPM: Bors & Stokes,
1998). All tasks were completed within a single one-hour
session and are described as follows in the order in which
they were administered.

Non-verbal Intelligence: RAPM. In order to ensure that any
observed effects of language background or musical train-
ing on phonological processing could not be ascribed sim-
ply to differences in non-verbal intelligence, participants
were given the shortened version of the RAPM. For each
of the 12 items, a grid of patterns was presented consisting
of eight figures with a ninth missing, and participants were
asked to select from eight additional figures which one
most appropriately completed the pattern. They were
allowed to work through the items within a 10-minute time
limit, and performance was measured by the number of
correct responses out of 12. If the groups differed on their
RAPM scores, these were to be entered into the analyses as
a covariate and, hence, held constant.

Table 1. Participant characteristics (SD in parentheses).

No musical training Musical training

Monolingual Bilinguala Monolingual Bilinguala

Gender distribution
(f = female, m = male)

20f, 10m 15f, 15m 22f, 8m 15f, 15m

Mean age (years) 20.8
(6.94)

22.1
(4.32)

19.2
(1.50)

19.6
(3.20)

Mean estimated age of
L1 onset (years)

– 1.42
(1.20)

– 1.05
(0.99)

Mean estimated age of
L2 English onset (years)

– 3.75
(1.22)

– 4.00
(1.81)

Mean estimated exposure to
English in the past year (%)

– 78.36
(12.91)

– 77.67
(7.51)

Mean estimated age of commencing
musical training (years)

– – 6.23
(1.25)

5.38
(1.34)

Mean estimated duration of
musical training (years)

– – 8.73
(3.59)

9.42
(3.59)

Mean estimated frequency of
musical engagement (times/week)

– – 4.30
(2.01)

5.30
(2.02)

Mean estimated musical proficiency
(7 = extremely proficient)

– – 4.77
(1.48)

5.13
(0.94)

aNote that 13 bilingual participants without musical training and 11 bilingual participants with training reported learning a third language in high school
to elementary proficiency.
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Phoneme Deletion. The phoneme deletion task involved 12
monosyllabic non-words comprising an onset and rime,
orally presented to participants through headphones. Each
non-word was constructed with a complex onset that
included more than one consonant (e.g., /froʊʃ/, i.e.,
“froash”, or /crɔːm/, i.e., “crawm”). Stimuli were recorded
by a female native speaker of English. After each presenta-
tion, subjects were instructed to say aloud each item with-
out its initial sound, with 3 seconds to respond. If a single
phoneme were deleted (e.g., deleting /f/ from /froʊʃ/), then
the phoneme removed would always be a consonant, pro-
ducing a non-word on deletion (e.g., /roʊʃ/). Participants
were not told this in the instructions and were not given
any practice items. All responses were digitally recorded
and analyzed during each session. Performance was mea-
sured in terms of the number of phoneme-sized deletions
made, with a greater number of phoneme-sized deletions
indicating greater sensitivity to the phoneme.

Spelling-to-dictation. Fifteen monosyllabic non-words that
were spoken and pre-recorded by the same female native
English speaker as for the phoneme deletion task were
presented to each participant via headphones. Each non-
word was potentially confusable with at least one real word
because of their phonetic similarity, for example, /fiːg/ (i.e.,
“feeg”) as opposed to /fɪg/ (i.e., “fig”). Subjects were
instructed to write down the correct spelling on an answer
sheet provided, and were allowed to work through the
items at their own pace. Each item was presented only
once. Performance was measured in terms of whether the
given spelling could be read with the same pronunciation
as the spoken non-word. For instance, fime and fyme were
both accepted as a correct spelling of the item /fʌɪm/, but
thime and fimn were not.

Auditory Comprehension. Through headphones, participants
listened to 10 short passages containing novel proper
names, and were then asked one open-ended comprehen-
sion question per passage. The passages were one to two
sentences in length, for example: “As Cydric Canusto lis-
tened to a mandolin being played skilfully by the young
girl in the inn, his thoughts travelled back several months
and several hundred leagues to the northern town of Dar-
gon.” The corresponding question being: “What instrument
was being played in the inn?” Subjects were given only one
opportunity to listen to each passage and question, and
were instructed to write the most appropriate answer on
the response sheet provided. Passages were pre-recorded
by the same female native English speaker as in the other
tasks. Performance was measured in terms of the number of
correct responses to the comprehension questions.

Visual Memory Test. Participants were instructed to remember
a series of 16 different shapes (e.g., a square or a cross), each
filled with one of four possible colours (red, blue, yellow, or
green). Each shape was presented for 5 seconds. The same

shapes were then immediately presented individually in
black and white in a different order, and participants were
asked to recall the correct colour for each shape by selecting
it from a choice of the four possible colours. Participants
were instructed to write the correct answer on the provided
response sheet, and were able to complete the task in their
own time. Visual memory performance was measured in
terms of the number of correct responses on this task.

Results and Discussion

A two-way analysis of covariance (ANCOVA) was carried
out for each of the aforementioned tasks, with language
background and musical training as the two between fac-
tors. Mean scores across the four groups were compared,
with sex entered as a covariate for each analysis.

Non-verbal Intelligence Test (RAPM)

Collapsed across language groups, musical training was
associated with higher average scores on the RAPM com-
pared to those without musical training, F(1, 114) = 16.12,
p < .001 (see Figure 1a). No main effect of language back-
ground, F(1, 114) = 1.38, p = .243, nor interaction between
the two factors, F(1, 114) = .06, p = .803, were found.
While these results show a relationship between musical
training and non-verbal intelligence, the direction of caus-
ality is unclear (see, e.g., Forgeard et al., 2008; Franklin
et al., 2008). It is possible that musical training enhances
non-verbal intelligence, but also that parents of children
who demonstrate higher non-verbal aptitude are more
likely to encourage engagement in early musical training.
Regardless of the direction of causality, however, it is
important to ensure that any differences between groups
in terms of phonological processing difficulties cannot be
ascribed to disparities in non-verbal intelligence. Therefore,
RAPM scores were entered in all further analyses as a
covariate (along with sex).

Phoneme Deletion

The occasions where a single phoneme was deleted from the
presented non-words will be referred to as “phoneme-sized
deletions”, and the mean percentage of these across the four
groups can be seen in Figure 1b. The analysis found that
across language groups, those with musical training made
significantly more phoneme-sized deletions than those with-
out musical training, F(1, 114) = 18.68, p < .001. Language
background was not associated with performance on this
task, F(1, 114) = .05, p = .817, nor was an interaction found
between the two factors, F(1, 114) = .63, p = .428.

Collapsed across language background, then, those who
were musically trained were more likely than non-
musicians to interpret the first sound of an utterance as a
single phoneme. For example, when asked to remove the
first sound of the non-word /blæŋ/ (i.e., “blang”), musicians
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were more likely than non-musicians to produce /læŋ/ (i.e.,
by removing the phoneme /b/), with non-musicians having
a higher tendency to produce /æŋ/ or /ŋ/, thus processing
units of sound at a larger grain-size (i.e., by removing /bl/
or /blæ/). These findings suggest that musical training is
associated with enhanced sensitivity to the phoneme, hence
supporting a growing body of literature that highlights a
positive relationship between musical training and
improved phonemic awareness (e.g., Gromko, 2005;

Patscheke et al., 2018). Specifically, these findings support
the notion that the similarities in the execution of musical
and phonological skills with regard to segmenting relevant
acoustic cues into smaller sound units facilitates one’s abil-
ity to deconstruct and process words at the level of the
phoneme (e.g., Anvari et al., 2002; Woodruff Carr et al.,
2014). Further, children’s awareness of rhyme develops
before their awareness of phonemes, and rhyme proficiency
is a strong predictor of later phonemic sensitivity (Carroll

Figure 1. Mean percentage scores across the four groups for (a) the RAPM, (b) the phoneme deletion task in terms of phoneme-
sized deletions, (c) the phoneme deletion task in terms of the proportion of Full-Onset Deletions out of all the non-phoneme-sized
deletions, (d) the spelling-to-dictation task, (e) the auditory comprehension task, and (f) the visual memory task. The legend at the top
left of Figure 1a applies to all plots. Error bars indicate standard error.
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et al., 2003). As robust associations between music-related
rhythmic skills and rhyme awareness have been reported
(e.g., Gordon et al., 2015; Huss et al., 2011), engagement in
musical training during the period of language develop-
ment is likely to benefit the rhyming system and, conse-
quently, facilitate increased sensitivity to the phoneme.

While the impact of musical training was evident across
language background, bilinguals and monolinguals dis-
played comparable performance in phoneme deletion.
These results are inconsistent with previous findings that
bilinguals process units of sound with larger grain-sized
units than monolinguals (Nguyen-Hoan & Taft, 2010).
However, a more in-depth analysis of the responses does
provide evidence that language background was influential
in the task after all. The deletions that were not phoneme-
sized can be classified into two categories: Full-Onset
Deletions (i.e., removal of an onset larger than a single
phoneme, e.g. /fr/ deleted from /froʊʃ/) and Other
Responses (i.e., either removal of more than the onset, e.
g. /froʊ/ deleted from /froʊʃ/, or production of an erroneous
phoneme, e.g. /ʌʃ/ in response to /froʊʃ/). Full-Onset Dele-
tions indicate greater sensitivity to phonological structure
than do Other Responses inasmuch as the former at least
implies a subsyllabic analysis into onsets and rimes, even if
not an analysis into individual phonemes. Figure 1c illus-
trates the proportion of non-phoneme-sized deletions that
were Full-Onset Deletions for each of the four groups. A
two-way ANCOVA revealed a significant main effect of
language, F(1, 57) = 4.80, p < .05, with monolinguals
making a larger proportion of Full-Onset Deletions
amongst their non-phoneme-sized responses than did
bilinguals (and hence fewer Other Responses). Impor-
tantly, the analysis also revealed a significant interaction
between language background and musical training,
F(1, 57) = 4.08, p < .05, with a simple-effects analysis
showing that of those without musical training, bilinguals
were less likely than monolinguals to make a Full-Onset
Deletion as opposed to an Other Response, t(57) = 3.20,
p < .01, but that this effect was not found amongst the
musically trained, t(57) =0.13, p > .10.

Thus, although there were no quantitative differences in
non-phoneme-sized deletions made between monolinguals
and bilinguals, significant disparities between the types of
such deletions were present. Given the non-word item
/stɒnd/ (i.e., “stond”), for example, removal of the initial
phoneme /s/ (i.e., making a phoneme-sized deletion, and
hence producing /tɒnd/) displays sensitivity at the phoneme
level and the ability to deconstruct the complex onset (i.e.,
/st/) into its smaller phonological units (i.e., /s/ and /t/).
Removal of the full complex onset, /st/ (i.e., making a
Full-Onset Deletion), demonstrates that the individual
interprets the onset as an indivisible unit, hence displaying
decreased sensitivity to the phoneme. However, producing
a Full-Onset Deletion does indicate sensitivity to at least
the onset-rime structure of which monosyllabic words are
comprised (e.g., Treiman, 1986). On the other hand, the

most inappropriate category of non-phoneme-sized dele-
tions, Other Responses, involves the removal of more than
a complex onset, for instance /stɒ/ or /stɒn/ being deleted
from /stɒnd/, or producing an incorrect response such
as /dɒn/. Making an Other Response highlights a lack of
sensitivity to any linguistically defined internal word struc-
ture, not just phonemic structure.

Of those who produced non-phoneme-sized deletions,
bilinguals without musical training showed less sensitivity
to the onset-rime structure of words than those with train-
ing, demonstrating the use of sub-optimal strategies when
processing spoken English at the sublexical level compared
to native monolingual speakers. However, the bilingual
insensitivity to internal word structure was completely
eliminated in those who had received early musical train-
ing. These findings are consistent with the notion that
musical training can facilitate the attention paid to sounds
and their manipulation (Ahissar et al., 2009; Patel, 2011),
and therefore, has a positive influence on how speech
sounds are analyzed in L2 (e.g., Anvari et al., 2002; Besson
et al., 2011; McMullen & Saffran, 2004; Patscheke et al.,
2018). Moreover, the fact that bilinguals with musical train-
ing exhibited enhanced sensitivity to rimes compared to
those without training is consistent with the reported asso-
ciation between music-related rhythmic skills and rhyme
awareness (e.g., Huss et al., 2011). The present results are
remarkable in demonstrating that even the most subtle pro-
cessing differences exhibited by early L2-dominant bilin-
guals are absent in those with musical training and persist
in the long-term. These findings provide a preliminary indi-
cation that musical training may be a potentially effective
tool in improving areas of phonological weakness at a low
level of analysis in L2.

Spelling-to-dictation

Across musical training background, there was a significant
main effect of language, F(1, 114) = 21.06, p < .001, with
monolinguals having higher spelling accuracy of non-
words than bilinguals (see Figure 1d). In addition, those
with musical training performed better than those without,
F(1, 114) = 12.47, p = .001, and there was a significant
interaction between the two factors, F(1, 114) = 10.05, p <
.01. An analysis of simple effects revealed that the mono-
linguals without musical training showed an advantage
over bilinguals without musical training, t(114) = 5.53,
p < .001, while there was no difference between the musi-
cally trained monolingual and bilingual groups, t(114) =
1.07, p > .10. These results indicate that early
L2-dominant bilinguals do not attain native-like proficiency
in their phonological analysis of spoken utterances unless
they were immersed in musical training at a young age.

The results from this task suggest that the difficulty
bilinguals experience in spelling non-words arises either
from an inappropriate processing of the phonological form,
which is then reflected in an inaccurate spelling, or from
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difficulty in converting sublexical phonological informa-
tion into its orthographic form. A further analysis of the
error responses is more consistent with the former. In par-
ticular, it can be argued that if people have difficulty pro-
cessing the phonological form of an utterance, they may
well assimilate it to a similar phonological form that they
already know. As such, they would be more likely to give a
real word as their response than someone who processed
the speech signal correctly and hence realized that a real
word was an inappropriate response. On analyzing the pro-
portion of real word errors made amongst the total number
of errors, an interaction was again found between language
background and musical training, F(1, 56) = 4.74, p < .05,
with bilinguals being more likely than monolinguals to
make real word errors when they had no musical training,
t(56) = 3.59, p = .001, but not when they did, t(56) = 0.12,
p > .10. These results suggest that rather than there being a
difficulty for bilinguals without training to convert spoken
utterances into their orthographic form, their inaccuracy in
spelling arises from a difficulty in processing the speech
signal, such that they resort to reporting a similar word that
is already stored. As this difficulty was not present in those
with musical training, the findings indicate that engage-
ment in early musical training is positively associated with
enhanced processing of the speech signal in a dominant L2.

Auditory Comprehension

Although Figure 1e indicates that monolinguals performed
better than bilinguals in the comprehension task, this did
not reach statistical significance, only being a strong trend,
F(1, 114) = 3.29, p = .072. Further, no impact of musical
training was observed either as a main effect, F(1, 114) =
2.00, p > .10, or as an interaction with language back-
ground, F(1, 114) = .59, p > .10. So, given that the bilin-
guals did not differ from the monolinguals even when
musically untrained (contrary to the findings of Nguyen-
Hoan & Taft, 2010), there was no disadvantage for musi-
cally trained bilinguals to overcome.

It should be noted, however, that while Nguyen-Hoan
and Taft (2010) observed a bilingual effect on this task
regardless of the nature of L1, the Chinese bilinguals in
that study nevertheless performed more poorly than the
non-Chinese bilinguals. Such a finding suggests that bilin-
guals with an L1 that does not utilize subsyllabic process-
ing (i.e., Chinese) have a particular difficulty in processing
spoken English passages containing novel words, where
subsyllabic processing is required. To examine this here,
a post-hoc analysis separating the present sample of bilin-
guals with a Chinese and non-Chinese L1 was conducted in
order to determine whether the type of L1 affected auditory
comprehension, and a significant interaction between L1
and musical training background was indeed observed,
F(1, 54) = 4.69, p = .035. A simple-effects analysis showed
that, of those without musical training, Chinese bilinguals
showed a disadvantage relative to non-Chinese bilinguals,

t(54) = 2.45, p = .018, but this effect was not found
amongst the musically trained, t(54) = .61, p > .10. There-
fore, the present results imply that at least bilinguals with a
Chinese L1 utilize sub-optimal strategies when processing
novel English speech for meaning, but that this processing
disadvantage is eliminated in those with early musical
training.

It should be noted, however, that the same post-hoc
analysis conducted for the phoneme deletion and non-
word spelling tasks failed to reveal any significant impact
of having Chinese as L1. Given that Nguyen-Hoan and Taft
(2010) did find a greater disadvantage for Chinese/English
bilinguals than those with another L1 when performing the
phoneme deletion task (though not when spelling non-
words), the findings of the present analysis for the
comprehension task should be noted with caution, and the
differences in processing between bilinguals with a Chi-
nese and non-Chinese L1 need confirmation through future
research.

Visual Memory

Figure 1f shows the mean percentage correct visual mem-
ory responses across the four groups. In support of the
existing literature (Ho et al., 2003; Namazi & Thordardot-
tir, 2010), there were no main effects of either language
background, F(1, 114) = 2.11, p > .10, or musical training,
F(1, 114) = .01, p > .10, and neither was there an interac-
tion between these two factors, F(1, 114) = .87, p > .10.

The fact that there was no effect of musical training on
visual memory strengthens the notion that musical training
is not associated with better performance on all cognitive
abilities, with memory for colour being one such ability.
This is not surprising since there is no obvious relationship
between the cognitive mechanisms underlying memory for
colour and musical performance.

General Discussion

The aim of the present study was to examine whether any
phonological processing disadvantages that are found to
exist in early L2-dominant bilingual adults are not observed
in those who have engaged in early musical training. This
is indeed what was demonstrated in the present study,
which might suggest that commencing such training at an
age where the auditory processing system is still maturing
facilitates the development of the phonological system.
Specifically, those with training showed increased onset-
rime sensitivity and more accurate spelling of non-words,
indicating an enhanced capacity to process the internal
phonological structure of utterances. Moreover, Chinese
bilinguals with early musical training did not exhibit the
difficulties in processing English speech for meaning than
seen in those without training, hence demonstrating a ben-
efit that extends to everyday language functioning. The
present findings are consistent with previous research
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revealing music-to-language transfer effects (e.g., François
& Schön, 2011; Gordon et al., 2015; Herrera et al., 2011;
Patscheke et al., 2016) and the notion that the training-
driven enhancements of the networks that speech and
music processing share are particularly beneficial for bilin-
guals who experience phonological difficulties (Patel,
2011, 2014).

While the focus of the study was not to determine how,
but whether there was an association between early musi-
cal training and the elimination of phonological process-
ing difficulties, the results demonstrate that the processing
difficulties that early L2-dominant bilinguals experience
are not so intractable for musical training to overcome.
Given that early musical training has previously been pro-
posed as a remediation strategy for individuals with
noticeable phonological difficulties such as those with
spoken language impairment or a reading disability (Bry-
ant & Bradley, 1985), the findings from the present study
suggest that early musical training may, too, potentially be
an effective intervention for bilinguals who experience
phonological difficulties that are so subtle that that they
tend to go unnoticed.

Having said this, however, it is important to note that
such a promising conclusion can only be seen as sugges-
tive. This is because, as with any quasi-experimental
design, the results are subject to influence by confounding
variables and, therefore, the causality of the relationship
between musical training and language performance
remains an open question. That is, it cannot be established
from the present study whether musical training directly
enhances the phonological system or whether it is those
who have a more developed phonological system that are
encouraged to engage in musical training. Nevertheless, the
outcomes of the present study support a growing number of
cross-sectional findings indicating a strong relationship
between early musical training and enhanced phonological
performance in adulthood (e.g., Dittinger et al., 2016; Zuk
et al., 2013). Given that both musical and phonological
processing require similar use of the auditory system
(e.g., Kraus et al., 2009; Peretz et al., 2015; Schön et al.,
2010), it is possible that individuals who display stronger
phonological performance adapt more readily to or excel in
their musical training and, hence, are more inclined to pur-
sue it. Moreover, there may be underlying factors that are
shared by and influence both musical training and L2 per-
formance. For example, parents of children who undertake
or maintain musical practice may be more engaged in their
child’s education, thus providing more enriched environ-
ments for optimal L2 acquisition, than parents who do not
enrol their child in musical training. It is possible that,
along with music classes, these children were also
immersed in L2 development programmes or received tar-
geted linguistic interventions, which subsequently enriched
their phonological aptitude. Exposure to both musical train-
ing and linguistic interventions might also be determined
by socio-economic circumstances, and while this was not

established in the present research, is worthy of future
exploration.

Thus, it is possible that a more sophisticated relationship
between music and phonological skills exists than the sim-
ple idea that it is musical training that directly enhances
phonological abilities. Whilst the current design was lim-
ited in the number of external variables that could be con-
sidered, the factors that were accounted for with regard to
language and musical training history provide a strong plat-
form for future research.
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Note

1. “Early musical training” is defined in this study as commen-
cing before the age of 8 years based on a consideration of the
realistic age at which most children start learning a musical
instrument and existing evidence that the phonological system
is still developing at this age (e.g., Vogel & Raimy, 2002).
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