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Abstract: This study examined how second language (L2) speakers’” individual differences in music
perception abilities, singing abilities and phonetic aptitude relate to their L2 phonological awareness.
To measure participants’ L2 phonological awareness, we used an accent faking paradigm, where
participants were asked to speak in their native language (German) while imitating a strong L2
accent (English). We measured their musical abilities with the AMMA test and their singing abilities
with two singing tasks and a self-report questionnaire. Their phonetic aptitude was assessed with
a combination of phonological short-term memory tasks (forward and backward digit span tasks),
and language perception and production tasks, in which participants needed to process and imitate
sounds from unfamiliar languages. A regression analysis revealed that singing abilities and phonetic
aptitude could predict participants” English faking abilities. This suggests that being able to sing
could help learners produce and memorise highly accurate L2 sounds, although their performance
could also partly be explained by innate learning capacities such as phonetic aptitude. This study also
proposes a new combination of tests to obtain a well-rounded assessment of individual differences in
phonetic aptitude.

Keywords: accent faking; pronunciation; phonological awareness; second language learning; singing
abilities; musical expertise; phonetic aptitude; short-term memory

1. Introduction

Being able to speak and communicate in a foreign language is more essential than ever
as a consequence of a steadily growing multilingual world. While pronunciation is not the
only factor that determines whether speech produced by second language (L2) speakers
is comprehensible or not (Saito et al. 2016), L2 speakers can be perceived as less credible,
less educated, less intelligent and less competent than native (L1) speakers due to their
foreign-accented speech (Dewaele and McCloskey 2015; Fraser and Kelly 2012; Fuertes
et al. 2012; Gluszek and Dovidio 2010; Lev-Ari and Keysar 2010). However, achieving high
levels of L2 pronunciation skills is one of the most challenging tasks late L2 learners face
during their language learning journey (cf. Granena and Long 2013). In order to build
efficient educational strategies to teach L2 pronunciation, it is necessary to understand
which factors lead to successful acquisition of L2 pronunciation and how such acquisition
relates to language aptitude.

Previous research suggests that an individual’s L2 phonological awareness, their
knowledge of the L2 phonological system at the segmental and suprasegmental levels, and
of the phonetic differences between the sounds of their first and their second language
(Kivisto-de Souza 2015; Mora et al. 2014), relates to accuracy in production of L2 sounds
(Baker and Trofimovich 2006; Mora et al. 2014) and to production of more comprehen-
sible L2 speech (Venkatagiri and Levis 2007). Thus, in the present study, we decided to
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examine which factors could relate to learners” L2 phonological awareness. To measure L2
phonological awareness, we used an accent faking task where L1 German speakers were
asked to fake an L2 English accent while reading L1 German sentences (Coumel et al. 2019;
Kopeckova et al. 2021; Kivistd-de Souza 2015; Mora et al. 2014). We then investigated the
potential influence of individual differences in music perception abilities, singing abilities,
and phonetic aptitude on learners’ L2 accent faking abilities.

1.1. Music Perception and Singing Abilities

Previous research suggests that a wide variety of factors relate to L2 pronunciation
skills such as individual differences in age of acquisition, amount of exposure to the target
language, number of foreign language classes attended, and motivation (Flege et al. 1995;
Mufioz 2014; Shoemaker 2014; see Suzukida 2021 for a review). In particular, a constantly
growing number of studies have provided evidence that musical expertise may play a key
role in supporting processing of pronunciation (Asaridou and McQueen 2013). This may be
the case because both music and language are acoustic phenomena, both are hierarchically
structured, both contain tonal and rhythmical features (Honing 2011; Jackendoff and
Lerdahl 2006), and because tone transitions in melodies resemble the prosodic variations
of spoken language (Oechslin et al. 2010). In fact, neurophysiological studies have shown
that the acoustic signals of language resemble the spectral and temporal complexity of
music (Ding et al. 2017; Grof8 et al. 2022; Schon et al. 2004). Further research suggests that
overlapping cognitive resources could be responsible for the processing of both musical
and linguistic stimuli (Besson et al. 2011; Peretz et al. 2015). This may explain why musical
training has been found to improve neural processing of speech in neurophysiological
investigations (Besson et al. 2011; Intartaglia et al. 2017; Parbery-Clark et al. 2012). At the
behavioural level, musical training, higher musical abilities, or being able to play a music
instrument seem to facilitate processing of linguistic input (Chobert et al. 2014; Delogu
et al. 2010, 2006; Francois et al. 2013; Moreno 2009; Perrachione et al. 2013; Schon et al. 2004;
Thompson et al. 2004).

Musical expertise also seems to relate to the processing and the learning of L2 pro-
nunciation (Milovanov 2009; Pastuszek-Lipinska 2008). Performance on the AMMA test
(Advanced Measures of Music Audiation; Gordon 1989), which measures participants’
ability to detect differences in rhythm and tones between two musical statements, has been
found to predict Japanese L1 speakers’ perception of English phonology (Slevc and Miyake
2006). Another study has shown that Italian L1 speakers with high AMMA scores outper-
form participants with lower AMMA scores on a Mandarin lexical tone discrimination task
(Delogu et al. 2010). Similarly, previous research has shown that musicians can be better at
identifying and discriminating unfamiliar Mandarin tones than non-musicians (Gottfried
and Riester 2000; Gottfried et al. 2004; Han et al. 2019). Finally, high musical abilities can
lead to higher L2 productive phonological proficiency for pronouncing words or tones
(Gottfried et al. 2004; Milovanov 2009; Milovanov and Tervaniemi 2011; Posedel et al. 2012;
Slevc and Miyake 2006), while musicians have been found to outperform non-musicians on
foreign language imitation tasks (Christiner and Reiterer 2013, 2018; Christiner et al. 2018).

Though this is less frequently investigated, there is evidence that singing abilities
exert a stronger influence on foreign language pronunciation abilities than musical abilities
assessed on the AMMA test (Christiner and Reiterer 2013, 2015, 2019). This could be
because speaking and singing rely on similar mechanisms for emission, resonance and
articulation, and for the control of body posture (Garcia-Lopez and Gavilan Bouzas 2010).
Singing abilities may also help pronounce L2 sounds better. Singing seems to redefine how
the individual components of the vocal organ, the respiratory system, the vocal folds, and
the vocal tract which support vocalisation interact (Sundberg 1999). Singing training could
thus in turn benefit the production of L2 sounds by allowing singers to produce them more
accurately and by providing vocalists with an enhanced vocal flexibility (Christiner and
Reiterer 2013, 2019).
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Finally, being able to sing may help L2 speakers learn L2 sounds. The oromotor
system, which is highly developed in singers, is thought to support the formation of
memories (Schulze et al. 2012). As a result, it could help store accurate long-term phonetic
representations of sounds (Ludke et al. 2014). Recent neurophysiological research has also
provided evidence that sensory ability could explain the relationship between singing
abilities and foreign language pronunciation learning skills (Christiner et al. 2022a). In
line with this, several studies have shown that memorizing vocabulary is easier if words
are sung (Apfelstadt 1984; Ludke et al. 2014; Thiessen and Saffran 2009), while singing to
infants seems to positively influence vocabulary building (Franco et al. 2021). There is also
evidence that singing activities can support L2 pronunciation learning (Baills et al. 2021;
Good et al. 2015; Ludke 2016) and that individuals who sang more frequently during their
childhood have better foreign language pronunciation skills (Christiner et al. 2022b).

1.2. Phonetic Aptitude

Another potential predictor of successful acquisition of L2 pronunciation is learners
phonetic aptitude, i.e., their untaught, inherent ability to acquire knowledge of (foreign)
language sounds. Some studies indeed suggest that individual differences in how well
individuals are able to learn a foreign language partly lie outside training and learning
effects (Golestani and Pallier 2007; Golestani et al. 2011). Phonetic aptitude has typically
been defined as a subcomponent of language aptitude. For instance, in his pioneering work,
Carroll (1981) included phonemic coding ability as part of language aptitude, i.e., how well
an individual can identify new speech sounds and retain them in long-term memory.

While overall language aptitude has gained increasing interest in the past decade,
how it relates to learning and achievement in an L2 remains unclear (Wen et al. 2017).
One of the reasons for this might be that defining and measuring language aptitude is
challenging. Researchers consider that it is a complex rather than a unitary trait (Delvaux
et al. 2014; Dornyei 2005; Skehan 2019) and that it consists of multiple general cognitive and
verbal abilities (Linck et al. 2013). We argue here that, in order to obtain a well-rounded
assessment of phonetic aptitude, a wide battery of tests should be used (see below) to
measure a learner’s ability to process, produce, and memorise (unfamiliar) speech sounds.

Acoustic memory, the capacity to process novel sounds and, more specifically, to store
non-linguistic acoustic information temporarily before it is phonologically encoded, may
contribute to phonetic aptitude. Acoustic memory is measured, for instance, by asking
participants to assess if a target unfamiliar speech sound was heard in a preceding sequence
of sounds (e.g., Kogan 2020). Some research has shown that acoustic memory supports
processing of foreign sounds (Kogan 2020; Safronova 2016).

Importantly, most phonetic aptitude tests included in language aptitude tests so far
have assessed perception, but not production. For instance, the PLAB (Pimsleur Language
Aptitude Battery; Pimsleur 1966) consists of a subsection where students listen three times
to almost identically sounding words in Ewe, a language unknown to them, and are
asked to remember and discriminate them in a follow-up session. Likewise, the LLAMA
test (Language Learning and Meaning Acquisition; Meara 2005) only includes a sound
recognition task in which participants memorise short stretches of spoken utterances in a
British Columbian Indian language.

However, measuring the phonetic aptitude with both perception and production
tasks seems necessary given that studies in the field of music and language have reported
dissociations between perception and production processes. Some studies have shown
that individuals who perceive languages more accurately do not necessarily generate them
better (Christiner 2020; Golestani and Pallier 2007), while participants who accurately
perceive different pitches do not necessarily sing them accurately (Berkowska and Dalla
Bella 2009; Hutchins and Moreno 2013; Loui et al. 2009; Pfordresher and Mantell 2014;
Tremblay-Champoux et al. 2010). Such results suggest that perception and production
skills may be partially dissociated. Thus, one may need to assess aptitude both in terms
of perception and production to obtain a well-rounded assessment of phonetic aptitude
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(but see Flege and Bohn (2021) for a model describing the possibility that perception
and production co-evolve). In line with this, Jilka (2009) proposed to assess phonetic
abilities with a variety of tasks including not only perception but also production of L1, L2,
and unfamiliar languages (see Reiterer et al. (2011) for a use of imitation tasks to assess
phonetic aptitude in production). More recently, Delvaux et al. (2014) have hypothesised
that phonetic compliance, the intrinsic ability to produce unfamiliar speech sounds, also
determines how well learners can acquire the phonetics and phonology of an L2.

Finally, phonological STM, the subcomponent of working memory that supports
processing of verbal material (Baddeley et al. 1998) may also contribute to phonetic aptitude.
Phonological STM includes the phonological store and the phonological loop (cf. Baddeley
and Hitch 1974): the phonological store temporarily holds verbal information, while the
phonological loop refreshes the information stored in the phonological store via articulatory
rehearsal processes. The phonological STM span can be measured via serial recall of
number or words. Phonological STM measures have been found not to correlate with
acoustic memory measures (see e.g., Ghaffarvand Mokari and Werner 2019; Kogan 2020),
which suggests that phonological STM and acoustic memory rely on distinct processes and
resources.

Phonological STM may support language learning by allowing L2 learners to remem-
ber and repeat acoustically sentences they have never been exposed to (Christiner and
Reiterer 2013). In line with this, previous research has shown that STM can be a strong
predictor of language abilities (Baddeley et al. 1998; Wen and Skehan 2011), while STM is
sometimes considered a language acquisition device (Biedror and Pawlak 2016). Clinical
studies have also provided evidence that patients with phonological loop impairments
may have poor abilities to learn foreign languages and new unfamiliar phonological forms
of utterances (Baddeley et al. 1998; Baddeley 2010). By contrast, high L2 performers such
as polyglots seem to possess an elaborate phonological STM (Papagno and Vallar 1995),
and performances on tasks targeting the phonological loop have been found to predict
L2 pronunciation learning (Papagno et al. 1991). More recently, the ability to imitate new
words or phrases has always yielded strong correlations to participants’ performance on
STM tasks in adults (Christiner and Reiterer 2013, 2019) and children (Christiner et al. 2018;
Christiner and Reiterer 2018). Phonological STM has also been found to influence how
learners perceive L2 speech (MacKay et al. 2001; Cervifio-Povedano and Mora 2011, 2015).

1.3. Faking Accents

Multiple methods exist to assess achievement in L2 pronunciation such as reading
tasks and (quasi-) spontaneous speech tasks (Jilka 2009), or verbal shadowing of foreign
languages (Pastuszek-Lipinska 2008). Fewer studies have, however, used accent faking
methods, also called the delayed mimicry paradigm (Flege and Hammond 1982). In
accent faking tasks, participants mimic a foreign language’s pronunciation while talking
in their mother tongue. These tasks allow the measurement of learners’ phonological
awareness of their L2 (Kopeckova et al. 2021; Mora et al. 2014), i.e., their knowledge of the
L2 phonological system, and how it differs phonetically from their first language (Kivisto-de
Souza 2015; Mora et al. 2014). Accent faking tasks require participants to retrieve previously
stored phonetic knowledge of the foreign language and, as such, target long-term memory
representations of sounds (Coumel et al. 2019; Flege and Hammond 1982; Mora et al. 2014).

Importantly, learners may have explicit and implicit phonological awareness and
accent faking tasks allow the measurement of both. Explicit phonological awareness refers
to knowledge learners could be able to verbalise (e.g., that “r” sounds differ between
German and English), whereas implicit phonological awareness refers to phonological
aspects learners could perceive or produce but could not explain (e.g., differing stress
patterns between German and English; cf. Kivistd-de Souza 2015; Moore 1997; Mora
et al. 2014). The few studies investigating learners’ L2 phonological awareness so far have
rather focused on explicit phonological awareness and used stimulated recalls or language
learning journals to ask participants to comment on their own L2 pronunciation or L2
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learning processes (Kennedy et al. 2014; Kennedy and Trofimovich 2010; Wrembel 2015;
see Kivisto-de Souza 2015 for an overview). L2 phonological awareness may however also
consist of implicit knowledge: L2 teachers rarely provide explicit phonology instruction
(see Gilbert 2010), and high levels of phonological awareness may result from high quantity
of exposure to authentic L2 linguistic input without instructions. Thus, as they measure
both explicit and implicit phonological awareness, accent faking tasks seem an ideal way to
obtain a well-rounded portrait of learners’ L2 phonological awareness. A final advantage of
accent faking tasks is that they give the opportunity to target phonetic abilities specifically
(Coumel et al. 2019). Unlike in reading and (quasi-)spontaneous speech tasks, participants
read in their mother tongue in accent faking tasks. Thus, they do not need to worry about
semantics and syntax.

Amongst the few studies using the accent faking paradigm (Flege and Hammond 1982;
Kivisto-de Souza 2015; Kopeckova et al. 2021; Mora et al. 2014), only two to our knowledge
have examined the predictors of performance on this task (Coumel et al. 2019; Reiterer et al.
2013). These studies reported significant relationships between accent faking skills and
participants” music perception abilities, singing abilities, and performances on language
imitation tasks, but not on working memory tasks. However, the authors of these studies
measured singing abilities with self-reports only. Having professional singers rate the
performances of participants on singing tasks should be a more accurate way to measure
singing abilities. Moreover, none of these studies used an exhaustive measure of phonetic
aptitude targeting all the aspects described in Section 1.2. Therefore, in the present study,
we aimed to improve the measurements of singing abilities and phonetic aptitude (with
respect to these studies, see below) in order to better assess the relationship between these
factors and participants” L2 phonological awareness as measured on the accent faking task.

1.4. Present Study

The present study asked the following research question:

Do individual differences in music perception abilities, in singing abilities and in
phonetic aptitude explain variance in L2 accent faking abilities?

We used the AMMA test (Gordon 1989) to assess L2 learners’ music perception abil-
ities, as well as a large battery of tests to measure their individual differences in singing
abilities and phonetic aptitude. Importantly, while Coumel et al. (2019) only measured the
singing capacities of their participants with self-reports, we here measured the individual
differences in singing abilities with real singing tasks rated by professional singers. To
measure phonetic aptitude, we included both an L0 (used in this article to refer to languages
unknown to the participants) perception task and an LO production task, and forward and
backward digit span tasks.

Based on previous research, we hypothesised that music perception abilities and
singing abilities would predict variance in L2 accent faking performances (Coumel et al.
2019). How phonetic aptitude would relate to accent faking abilities was less clear. Previous
research has indeed shown that performance on direct language imitation task relates to
accent faking abilities (Reiterer et al. 2013), but not to measures of STM (Coumel et al. 2019).

2. Materials and Methods
2.1. Participants

A total of 97 German native speakers (56 women, mean age M = 28.32 years old) were
included in the study. The study was advertised on social media and on notice boards. Our
recruitment criteria were that participants should be German native speakers and unable
to comprehend or speak the languages included in the LO production task and in the LO
perception task. Based on these recruitment criteria, though we had originally invited 108
participants to take part, 11 participants were excluded from the study: three of them were
early bilinguals and eight of them were familiar with at least one of the languages included
in the LO production and perception tasks. The participants provided informed consent
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before the test session and took part voluntarily. The study was approved by the Riga
Stradin$ University (RSU) Research Ethics Committee (2-PEK-4/3/2022).

To collect data about the participants” language and musical background and check
whether they met the recruitment criteria, the participants were invited to complete a
self-report questionnaire and were interviewed (the goal of the interview was to double-
check participants’ responses on the questionnaire). The participants’ answers on the
questionnaire and on the interview showed that they were all German native speakers
raised in a primarily monolingual environment, who besides English could speak other
foreign languages such as French, Italian, Spanish, or Dutch. All participants had learnt
English as a second language in school, had at least a B2 level in English, and had received
at least four years of English instruction (Years of Formal English Instruction). A total of 37
participants were musicians who regularly played a musical instrument or sang in a choir
at the time of testing, while 25 reported that they sang or played a musical instrument
occasionally. A total of 35 participants reported that they did not sing in a choir or at home
and that they had never played or learnt a musical instrument besides the recorder in
primary school lessons.

2.2. Materials and Scoring
2.2.1. Accent Faking Task

In this task, participants were presented with written German sentences (see Supple-
mentary Section S1) on a screen with PowerPoint slides and instructed to read them aloud
with a strong English accent. Each participant saw six sentences which contained nine or
eleven syllables. These sentences were created to resemble the sentences included in the LO
perception and production tasks in terms of length. Participants wore headphones with an
integrated microphone. We recorded their language production in a music studio with the
software Steinberg Cubase 11.

The recordings were rated by five simultaneous English/German bilinguals (3 female)
who were between 28 and 43 years old. They all had an academic background in the fields
of linguistics or language studies. The raters were instructed to evaluate the recordings
based on how well the participants pretended to be English native speakers who spoke
German. The raters provided each recording a score on a scale between zero (lowest
possible score) and ten (highest possible score). They were asked to ignore which regional
accent the participant used (e.g., American or British accent). Each rater was exposed to
each recorded file once and the files were presented to them in a random order on the
online platform https:/ /quest.christiner.at/login.php (accessed on 23 February 2023). The
participants’ English Accent Faking score corresponded to the average of their ratings across
all sentences. We computed intraclass correlation coefficients which showed that the ratings
of the native speakers were highly reliable (see Supplementary Section S2, Tables 5S1-57).

2.2.2. Musical and Singing Tasks
Music Perception Abilities

We used the AMMA test (Advanced Measures of Music Audiation, Gordon 1989) to
assess participants’ music perception abilities. In this test, participants were presented with
two musical statements and asked to determine whether these were identical or differed
rhythmically or tonally. Differences in rhythm consisted of variations in tempo, metre or
duration across musical statements. For differences in tones, a few notes differed between
the two musical statements. The test contained 33 items: participants first completed three
practice trials before completing the task with the remaining 30 experimental trials. Among
the 30 trials, 10 pairs of statements were identical, 10 differed rhythmically and 10 differed
tonally. The trials were presented to the participants in a random order. We computed
and used participants’ raw scores on the task which could vary between 0 and 40 for each
of the two conditions. Thus, each participant received two scores: AMMA T for the trials
targeting tonal differences and AMMA R for the trials targeting rhythmic differences.
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Singing Abilities

We assessed the singing abilities of the participants both with singing tasks and with
a self-report questionnaire. Participants first completed a familiar song task and a song
learning task. In the familiar song task, we asked participants to sing the familiar song
“Happy Birthday”. This task is typically used to examine singing in non-professional
singers (Dalla Bella et al. 2007; Dalla Bella and Berkowska 2009; Christiner 2020; Christiner
and Reiterer 2013, 2019; Christiner et al. 2018). In the song learning task, participants were
presented with two short sequences taken from an unfamiliar song and asked to imitate
them (Christiner 2020; Christiner et al. 2021). In both tasks, participants were instructed
to sing as accurately and as beautifully as possible, and they were free to sing in a key
they found pleasurable and suitable for their singing voice. Participants were also told that
their performance would not be evaluated based on the accuracy of the lyrics and, in the
song learning task, they were instructed to use different words if they had forgotten the
lyrics. Participants were recorded with the Steinberg Cubase 11 software and beyerdynamic
headphones (DT 290) with an integrated microphone.

The recordings were subsequently uploaded on the online platform https://quest.
christiner.at/login.php (accessed on 23 February 2023) where the two singing tasks were
rated by eight professional singing teachers. These raters were instructed to rate the
participants performances on zero (lowest score) to ten (highest score) scales to evalu-
ate participants” Melodic Singing Ability (i.e., how accurately participants reproduced the
melody of the original song), Rhythmic Singing Ability (i.e., how accurately participants
reproduced the rhythm of the original song), Voice Quality (i.e., based on the resonance, the
warmth and the colour of the participant’s voice), Clarity/Focus (i.e., referring to sensations
of vocal vibrations of clear, well-produced tones), Vocal Range (i.e., how large participants’
vocal range was), and Volume (i.e., how appropriate the volume participants used was
for their singing voice). To reduce the duration of the rating task for individual raters,
four of the raters scored the recordings based on the first three criteria, while the other
four raters scored the recordings based on the remaining three criteria. All raters scored
all participants and the recordings were presented to them in a random order. Intraclass
correlation coefficients demonstrated that the ratings of the professional singers were highly
reliable (see Supplementary Section S2, Tables S13-518).

The self-report questionnaire measured the singing habits of the participants. Partici-
pants were asked to estimate how many hours per week they had been singing over the
last five years (Singing Hours per Week). They were told that they should consider any form
of singing (e.g., in the car, in the bathroom and the like). In addition, they had to indicate
whether they believed they could sing “very well”, “well”, “average”, “poor”, or “very
poor” (Singing Self-Estimation). Finally, we measured the participants’ singing behaviour
during their childhood (Singing Childhood). To do so, we used an already established
multi-item scale concept (Christiner et al. 2022b) consisting of eight questions asking the
participants to indicate how frequently they sang on certain occasions as a child on a scale
between one and six. To test the reliability of the multi-item scale concept, we computed
Cronbach’s « which showed that the reliability was high, with all Cronbach’s « = 0.81 (see
Supplementary Section S2, Table S19).

2.2.3. Phonetic Aptitude Tasks

The current study included a comprehensive battery of tests designed to measure
individual differences in multiple aspects of phonetic aptitude. Specifically, we gathered a
series of tasks which together would assess how well learners can process, produce, and
memorise (unfamiliar) speech sounds.

First, we used a foreign sounds recognition task (L0 perception task) in which partici-
pants were exposed to a series of sounds from languages they were unfamiliar with and
subsequently asked to recognise them. This task measured participants” acoustic memory
as it targeted languages unknown to the participants for which they had no pre-established
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phonological categories (see Kogan 2020; see also Cervifio-Povedano and Mora 2011 and
Saito et al. 2016 for the use of a similar tasks with nonwords).

Second, our assessment of phonetic aptitude included a direct language imitation task
(LO production task), where participants were exposed to sentences in foreign languages
they did not know and asked to repeat these sentences as accurately as possible. It is
important to stress that this direct language imitation task targeted a different set of abilities
from the ones targeted in the accent faking task, as it involved unfamiliar languages
and thus did not require participants to retrieve phonetic representations from long-term
memory. The LO production task helped assessing how participants processed novel sounds,
i.e., their acoustic memory (see Kogan 2020) as well as their phonetic compliance (Delvaux
et al. 2014), i.e., how well they could produce unfamiliar speech sounds (see also Jilka 2009;
Reiterer et al. 2011). Direct imitation tasks show high ecological validity (Christiner 2020)
and seem particularly well-suited to assess learning of a foreign language’s pronunciation:
they resemble the way children learn their first language, i.e., by mimicking the new words
or phrases they are exposed to (Gathercole 2006). Importantly, the LO production and LO
perception tasks contained a wide variety of foreign languages in order to increase the
reliability of the measurement.

Finally, our measure of phonetic aptitude included forward and backward digit span
tasks to measure participants’ phonological STM. This task allowed the assessment of their
capacity to temporarily hold verbal information (as it included numbers and not unfamiliar
speech sounds as in the other tasks) and to rely on articulatory rehearsal to remember the
words.

L0 Perception Task

Participants completed an online L0 perception task which we adapted from Christiner
et al. (2022a). On a given trial, participants first heard a series of eight, ten or twelve
model language constituents (Stimline) always coming from one of five possible languages
(Slovak, Tagalog, Mandarin, Farsi, Japanese). Two seconds after listening to the Stimline, the
participant listened to either one, two or three target language constituents (Stimcompare)
which either had or had not appeared in the Stimline. Participants were asked to indicate
whether they had heard the target constituent(s) in the Stimline or not. The task first
included a practice task with one trial which participants could complete as many times
as they wished. The main part of the task contained 25 trials. The participants” Language
Perception score corresponded to the proportion of correct answers they gave on the task
in decimal numbers (zero means that none of the trials were correctly answered, while 1
indicates that all trials were correctly answered).

L0 Production Task

Participants completed a language imitation task targeting the same languages as the
L0 perception task. They were exposed to 10 nine and 10 eleven-syllable long sentences
spoken by native speakers of the target languages (i.e., there were four sentences per
language) and asked to repeat them with the best accent possible. Each model sentence
was automatically played three times, with intervals of 50 ms. The main experimental
task was preceded by a practice phase in which participants heard and repeated four trials
presenting Polish sentences. The participants’ responses were recorded with the Steinberg
Cubase 11 software and beyerdynamic headphones (DT 290) with integrated microphone.

The recordings were then uploaded onto the online platform https://quest.christiner.
at/login.php (accessed on 23 February 2023) to be rated by native speakers of the respective
languages (five raters for Slovak, four raters for Tagalog, five raters for Mandarin, four raters
for Farsi, and six raters for Japanese). The raters were instructed to evaluate how native-like
the participants sounded to them, by focusing on participants’ overall performance. They
provided their ratings on a scale between zero (lowest possible score) and ten (highest
possible score). The participants’ Language Production score corresponded to their average
ratings across all languages and trials. Intraclass correlation coefficients showed that the


https://quest.christiner.at/login.php
https://quest.christiner.at/login.php

Languages 2023, 8, 68

90f18

ratings of the native speakers were highly reliable (see Supplementary Section S2, Tables
58-512).

Digit Span Tasks

The participants” phonological STM was assessed with forward and backward Wech-
sler digit span tasks (Tewes 1994). Participants were asked to repeat a length-increasing
sequence of numbers presented auditorily in forward or backward orders. The forward
span version included three to nine items, while the backwards span version included from
two to eight numbers. Participants received two scores, one for the forward task (STM F)
and one for the backward task (STM B). The score corresponded to the number of items
they were able to correctly repeat, the maximum being 14.

2.2.4. Procedure

To keep testing time as short as possible, participants completed the tasks in the lab
in three separate sessions of approximately 45 min each (see Table 1). The order of the
sessions was the same for all participants. In the first session, participants completed all
background (music and language) questionnaires and performed the LO perception task.
They were also interviewed about their foreign language knowledge to find out whether
they met the criteria to be included in the study (see Section 2.1). In the second session,
participants completed the LO production task followed by the singing tasks and finally,
the digit span tasks. In the final session, they completed the AMMA test and the accent
faking task.

Table 1. Overview of the procedure.

Session 1 Session 2 Session 3

Participant background

-Language and musical background
self-report questionnaire - -

-Interview
Phonological awareness - - Accent faking task
Musical and singing abilities - Singing tasks AMMA test
. . . -L0 production task
Phonetic aptitude L0 perception task Digit span tasks -
3. Results

3.1. Overview of the Analysis

Given the complexity of our dataset, we split the analysis into two parts. First, we
performed a correlational analysis to understand the relationships between the measured
variables (see Supplementary Section S3, Table 520). Since many variables significantly
correlated to each other, we then performed a principal component analysis (PCA) to
reduce the number of predictors. We then coined unit-weighted composite scores based
on the PCA output for the singing and phonetic aptitude measures. Second, we built
a regression model to identify the predictors of participants’ performance on the accent
faking task. We used IBM SPSS Statistics (Version 28.0; IBM Corp, Armonk, NY, USA) to
perform the statistical analyses.

3.1.1. Descriptive Statistics
Table 2 below reports the descriptive statistics of the main variables under consideration.
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Table 2. Descriptive statistics of the variables. English AoA (age of acquisition) represents the age
at which participants started learning English; years of formal English instruction represents the
number of years for which the participants had received English formal instruction; singing total
corresponds to participants average scores across the variables melodic singing ability, rhythmic

singing ability, voice quality, clarity/focus, vocal range, and volume!.

Variables Mean (M) Standard Deviation (SD)
English Accent Faking 4.36 1.33
Years of Formal English Instruction 8.95 2.71
English AoA 6.51 1.06
AMMA T 25.86 492
AMMA R 28.81 4.08
Singing Childhood 29.13 8.93
Singing Self-Estimation 2.89 1.08
Singing Hours per Week 1.47 2.10
Singing Total 6.09 1.30
LO Perception 0.63 0.12
L0 Production 3.06 0.92
STM F 7.49 1.83
STM B 7.60 2.02

3.1.2. PCA on All the Variables

Since the language and musical variables were highly inter-correlated (Supplementary
Section S3), we performed a PCA analysis. This aimed at combining individual music per-
ception, singing and language variables including STM measures into broader dimensions.
All these variables were included in the PCA analysis, and we used orthogonal rotation
(varimax). Factor loads below 0.4 were suppressed. The Kaiser-Meyer-Olkin measure for
sampling adequacy for the analysis showed that KMO = 0.71 and all KMO variables were
>0.57, which was therefore above the accepted limit of 0.5. A Bartlett’s test of sphericity,
%2(78) = 484.49, p < 0.001, indicated that the correlations between items were sufficiently
large for the PCA analysis. We ran a first analysis to obtain eigenvalues for each component
in the data. Four components had eigenvalues over 1 and, in combination, they explained
67.96% of the variance (Table 3).

Table 3. Summary of the PCA analysis (N = 97).

Variables Singing Phonetic Aptitude Music Perception
Complex Complex

Singing Hours per Week 0.789

Singing Childhood 0.785

Singing Self-Estimation 0.747

Singing Total 0.568

STMF 0.840

L0 Production 0.676

STM B 0.598

L0 Perception 0.571

AMMA R 0.908

AMMA T 0.908

EIGENVALUES 2.19 1.60 1.03

Percentage of variance explained 18.16 15.83 15.11

Based on the results of this PCA analysis, we created the new following variables:
Singing Complex which corresponded to participants” average for the variables Singing Total,
Singing Hours per Week, Singing Self-Estimation and Singing Childhood; Phonetic Aptitude
Complex which we calculated as participants” average of STM F, STM B, L0 Perception
and LO Production scores; AMMA Total which reflected participants’ score on the two
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subsections of the AMMA test. We coin unit-weighted the composite scores of the variables
of the Singing Complex and of the Phonetic Aptitude Complex, and transformed them into
z-scores before combining the variables into single scores.

3.1.3. Correlational and Regression Analysis

In this part of the analysis, we first ran a correlational analysis to examine the relation-
ship between participants’” performance on the accent faking task and the other variables
and determine which predictors should be entered in the regression analysis. Table 4
reports the results of this correlational analysis. It indicates that, while Singing Complex,
Phonetic Aptitude Complex, English AoA and Years of Formal English Instruction all
significantly correlated with participants” accent faking performance (but note that these
correlations were weak to moderate), the AMMA Total did not. Therefore, we did not
include the AMMA Total in the regression analysis. We did not include English AoA and
Years of Formal English Instruction either as they would have conflated the regression
model.

Table 4. Results of the correlational analysis.

AMMA  Singing Pho.n etic Years' of English
Aptitude English
Total Complex . AoA

Complex Instructions
English Accent Faking 0.168 0.382 ** 0.459 ** 0.605 ** —0.645 **
AMMA total 0.170 0.381 ** 0.104 —0.065
Singing complex 0.130 0.324 ** —0.250 **
Phonetic aptitude complex 0.327 ** —0.249 **
Years of English _0.23

instructions

Note: ** means significant at the 0.01 level (2-tailed).

We entered Phonetic Aptitude Complex and Singing complex as independent variables
and English Accent Faking as the dependent variable into a multiple linear regression
model. We used a stepwise model following purely mathematical decisions, while the
criterion when entering independent variables was a probability of F-change < 0.05. Table 5
presents the outcome of this regression analysis. The regression analysis revealed that the
Phonetic Aptitude Complex and the Singing Complex could account for around 30% of the
variance in Accent Faking abilities.

Table 5. Outcome of the regression analysis.

Multiple Regression Models Explaining the Variance in Accent Faking

Predictor Partial Correlation (pr) p-Value

Dependent variable: English Accent Faking
Model 1: Adjusted R = 0.20, F(1, 95) = 25.38, p < 0.001

Phonetic aptitude complex 0.46 <0.001
Model 2: Adjusted R = 0.30 F(1, 94) = 14.58, p < 0.001

Phonetic aptitude complex 0.45 <0.001
Singing complex 0.37 <0.001

4. Discussion

In this study, we aimed to identify which factors are related to L2 English phonological
awareness in German native speakers. To do so, we measured the participants’ L2 phono-
logical awareness with an accent faking task (cf. Coumel et al. 2019; Kopeckova et al. 2021;
Kivisto-de Souza 2015; Mora et al. 2014), and assessed how individual differences in music
perception abilities, singing abilities and phonetic aptitude are related to accent faking
performances. The regression model revealed that 30% of the variance in accent faking
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abilities could be explained by singing abilities and phonetic aptitude. Music perception
abilities alone as measured by the AMMA test did not correlate with accent faking abilities.

Below we discuss the relationship between singing abilities, phonetic aptitude and
accent faking abilities, as well as what the results suggest regarding L2 pronunciation
learning.

4.1. Music Perception and Singing Abilities

The regression analysis demonstrated that the singing complex was one of the signifi-
cant predictors of performance on the accent faking task. This result corroborates previous
observations with accent faking tasks (Coumel et al. 2019). Notably, in the present study,
rather than using self-reports (as in Coumel et al. 2019), the singing complex we built relied
on a larger battery of tests and participants completed real singing tasks that were rated
by professional singers. This approach allowed us to assess the singing skills and singing
behaviour of the participants more directly and more accurately.

Although further research is needed to determine the direction of the influence, our
results could suggest that singing abilities help language learners develop accurate L2
phonological awareness. Previous research has shown that more proficient singers may
benefit from higher vocal and motor flexibility, or from a more developed oro-motor system
that could enable them to produce L2 sounds more accurately (Christiner 2020; Christiner
and Reiterer 2013, 2019). Some theoretical frameworks also suggest that individuals with
higher vocal flexibility and accuracy could benefit from better perceptual abilities. For
instance, in the motor theory of speech (Liberman and Mattingly 1985), individuals perceive
“intended gestures” when exposed to speech. Similarly, Best (1995) proposes that language
production and perception rely on shared representations of articulatory gestures. It
could thus be that individuals with better singing abilities perceive speech better and
store more accurate phonetic representations. Finally, being able to sing could provide
participants with better language learning abilities. Given that faking an accent requires
participants to retrieve sound representations from long-term memory, our results could
indicate that high singing abilities allow L2 speakers to memorise better more accurate
long-term phonetic representations (Coumel et al. 2019; Schulze et al. 2012). Together, these
capacities could allow better singers to possess more detailed phonetic representations and
a higher awareness of how to reproduce the typical accent of foreign-sounding speech.

The correlational analysis (see Table 4) however suggested that music perception
abilities alone as measured on the AMMA test did not relate to accent faking abilities. This
finding stands in contradiction with previous research reporting significant relationships
between music perception abilities and foreign language pronunciation (Milovanov 2009;
Milovanov and Tervaniemi 2011), direct foreign language imitation, and foreign language
perception skills (Christiner et al. 2018; Christiner 2020; Christiner et al. 2021; Christiner
and Reiterer 2019). Given that singers likely have good music perception abilities (see e.g.,
Best 1995; Liberman and Mattingly 1985), this absence of a significant correlation simply
implies that having high music perception abilities alone do not lead to better accent faking
abilities.

Singing abilities may relate to accent faking abilities more than music perception
abilities alone because singing is more similar to speaking than listening to music (Garcia-
Lopez and Gavilan Bouzas 2010). Brain imaging studies have also revealed that trained
vocalists display structural adaptations in the arcuate fasciculus which instrumentalists
do not (Halwani et al. 2011). Crucially, the left arcuate fasciculus is a fibre tract which
seems to be involved both in musical functions and in language processing (Ocklenburg
and Giintiirkiin 2018). Research has also shown that singing skills are more likely to foster
better foreign language imitation abilities than being able to play a music instrument or
than having high music perception abilities (Christiner and Reiterer 2019).

This result could also reflect the dissociation sometimes observed between perception
and production (but see Flege and Bohn 2021). For instance, being better at perceiving
foreign language input does not necessarily foster better production capacities (Golestani
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and Pallier 2007). In line with this, Halwani et al. (2011) argued that vocalists differ
from instrumentalists in the sense that they enjoy an increased awareness of the sound
production process on top of their enhanced music perception abilities.

To sum up, our results suggest that having high music perception abilities alone is not
sufficient to account for variance in accent faking abilities, while singing abilities are more
strongly related to accent faking performance and L2 phonological awareness.

4.2. Phonetic Aptitude and Accent Faking Abilities

The results show that the phonetic aptitude complex, measured here as a combination
of the ability to process and produce unfamiliar languages and phonological STM skills
also relate to accent faking abilities. This suggests that having high phonetic aptitude could
help L2 speakers acquire better sound representations of the L2 foreign sounds, which they
can later retrieve to produce foreign-accented speech. Our results thus indicate that higher
phonetic aptitude may contribute to better L2 phonological awareness.

Accent faking tasks also enable researchers to assess achievement in L2 pronunciation
as they require participants to retrieve previously stored phonetic knowledge of the foreign
language and, as such, target long-term memory representations of sounds (Coumel et al.
2019; Flege and Hammond 1982; Mora et al. 2014). In line with our results, brain imaging
studies have provided evidence that language aptitude is related to later achievement in
language. For instance, an increasing number of studies suggests that there are individual
differences in brain structures responsible for higher aptitude in foreign speech perception
and production, with white matter density being higher in the inferior parietal cortices
bilaterally and in the left insular cortex in fast learners of new speech sounds (e.g., Golestani
and Pallier 2007). Other research with phoneticians has provided evidence not only for
experience-dependent plasticity, but also for gross morphological differences in the auditory
cortex with respect to non-phoneticians which cannot be explained by training effects
(Golestani et al. 2011). These findings imply that aptitude is relatively stable and can inform
about the potential to achieve a certain level of expertise (Wen et al. 2017).

Importantly, the tasks included in our general measures of phonetic aptitude in
the present study targeted multiple potential aspects of phonetic aptitude, such as the
capacity to both process and produce unfamiliar speech sounds (cf. Delvaux et al. 2014),
acoustic memory (see Kogan 2020), and phonological STM. Future research is needed to
better understand which of these variables more specifically support acquisition of L2
phonological awareness.

5. Conclusions

This study showed that singing abilities and phonetic aptitude are significantly related
to L2 accent faking abilities. Music perception abilities alone however did not relate to
performance on the accent faking task. These results could suggest that being able to sing
and high phonetic aptitude foster higher phonological awareness, which in turn could lead
to better L2 pronunciations skills. We note, however, that singing abilities and phonetic
aptitude only accounted for 30% of variance in accent faking abilities. Future studies are
needed to identify whether other factors such as elementary auditory skills (i.e., the ability
to discriminate pitch changes, loudness, tone onset, ... ) may also predict L2 phonological
awareness.

This study proposes a new, comprehensive battery of tests to assess individual dif-
ferences in phonetic aptitude. Our findings also have pedagogical implications as they
plead in favour of including singing tasks in the teaching of L2 pronunciation. For example,
teachers could encourage their students to sing in the target language. Doing so has been
found to support L2 pronunciation learning (e.g., Good et al. 2015) and could help learners
store more accurate long-term L2 phonetic representations (Coumel et al. 2019; Schulze
et al. 2012) and rely on (auditory) sensory experience to support their L2 pronunciation
learning (Christiner et al. 2022a).
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We also note that it might be particularly relevant for language educators to examine
in the future for which aspects of L2 pronunciation singing abilities are the most relevant.
In that regard, as described by Kivisto-de Souza (2015), we acknowledge that a limitation of
accent faking tasks is that they partly depend on participants’ articulation abilities. In other
words, lower performance on the task could for example reflect problems in articulation
rather than deficits in L2 phonological awareness. An objective for future research could be
to disentangle the relative contribution of articulation capacities and pure L2 phonological
awareness to accent faking abilities.

Supplementary Materials: Supplementary Sections S1-54 can be downloaded at: https://www.
mdpi.com/article/10.3390/languages8010068/s1.
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