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Abstract

In learning a second language (L2), speech imitation ability is an important 
aptitude, which is subject to individual’s familiarity to the target L2 and multiple 
cognitive factors. The present study investigates the impact of individuals’ cognitive 
abilities on L2 speech imitation skills in a familiar (English) and an unfamiliar 
(Chinese) L2. Thirty-five L2 English speakers imitated English and Chinese short 
phrases and completed tests on musical aptitude (4 subsets: accent, melody, pitch, 
and rhythm), auditory processing abilities (3 subsets: duration, formant, and pitch), 
and working memory (2 subsets: forward and backward digit span). Their imitated 
speech was rated by native English and Chinese speakers. Globally, working 
memory is a stronger predictor for familiar L2 than for unfamiliar L2 and auditory 
processing abilities only predict the imitation abilities of familiar L2. Regarding 
specific components, musical melodic perception abilities, auditory pitch processing 
abilities, and forward digit span significantly predict L2 speech imitation regardless 
of language familiarity, but backward digit span predicts unfamiliar L2 imitation 
better than familiar L2. The results suggest that some cognitive factors (e.g., working 
memory) may be crucial at the first contact with a new language, whereas others 
(e.g., auditory processing) may be more relevant to more experienced learners.

Keywords: musical aptitude; auditory processing abilities; working memory; 
speech imitation ability; language familiarity.

Resumen

Para aprender una segunda lengua (L2), la capacidad de imitación del habla 
constituye una aptitud relevante, influida por el grado de familiaridad con la L2 y 
los factores cognitivos. El presente estudio examina el impacto de las habilidades 
cognitivas en la imitación del habla en una L2 familiar (inglés) y una no familiar 
(chino). Treinta y cinco hablantes de inglés como L2 imitaron frases breves en am-
bos idiomas y realizaron pruebas de aptitud musical (acento, melodía, tono y ritmo), 
procesamiento auditivo (duración, formantes y tono) y memoria de trabajo (reten-
ción de dígitos directos e inversos). Hablantes nativos de inglés y chino evaluaron su 
imitación. En general, la memoria de trabajo predice la imitación en la L2 familiar 
mejor que la no familiar, mientras que el procesamiento auditivo solo predice la L2 
familiar. Específicamente, la percepción melódica musical, el procesamiento tonal 
auditivo y la retención de dígitos directos predicen la imitación en general, mientras 
que la retención inversa predijo la L2 no familiar mejor que la familiar. Los resulta-
dos sugieren que ciertos factores cognitivos (p. ej. memoria de trabajo) son claves 
en el primer contacto con una L2, mientras que otros (p. ej. procesamiento auditivo) 
cobran mayor relevancia con la experiencia.
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Palabras clave: aptitud musical; habilidades de procesamiento auditivo; me-
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1. Introduction

The initial stage of learning a verbal language often involves imitation, espe-
cially for learning pronunciation and formulaic phrases (Berthier & Lambon Ralph, 
2014; Ghazi-Saidi & Ansaldo, 2017), although imitation is not the only way of lan-
guage acquisition (Lightbown & Spada, 2013). Speech imitation ability constitutes 
a vital aspect of second language (L2) acquisition. Skillful imitators show larger 
articulation space which grants them more access to a larger phonetic repertoire 
for novel sound learning compared to less skilled imitators (Reiterer et al., 2013). 
Moreover, speech imitation ability is not an isolated language aptitude, but rather 
affected by multiple cognitive factors, among which, musical aptitude and working 
memory have been identified as the main predictors of imitation skills in unfamiliar 
speech (Christiner et al., 2018; Christiner & Reiterer, 2018). Moreover, recently re-
search has emphasized that auditory processing abilities may account for successful 
L2 speech learning as well (Saito, 2023). However, it is not clear whether auditory 
processing predicts speech imitation skills because most of the previous research fo-
cused on its role in actual L2 learning outcomes with spontaneous speech measures 
(e.g., Zheng et al., 2022). More importantly, individuals may perform differently in 
imitating a familiar L2 than an unfamiliar L2 (Christiner & Reiterer, 2013), which 
resemble novice learners and experienced learners. It is therefore necessary to con-
sider the interplay between cognitive factors and language familiarity in predicting 
imitation skills. To draw a complete picture, the present study examines the differ-
ent predictive roles of musical aptitude, auditory processing abilities and working 
memory in familiar and unfamiliar L2. 

1.1. The role of musical aptitude in L2 speech perception and production

Cognitive neuroscience research has revealed a compelling relationship between 
music and language (Milovanov & Tervaniemi, 2011; Peretz et al., 2015). Music and 
speech rely on similar acoustic cues and neural mechanisms (Besson & Schön, 2001; 
Peretz et al., 2015). Accordingly, individuals with musical training have different neu-
rological encoding of speech (Patel, 2011). To explain the subcortical encoding of 
speech observed in musicians, Patel (2011) proposed the OPERA (Overlap, Precision, 
Emotion, Repetition, and  Attention)  hypothesis which claims that the brain networks 
that process acoustic information for both speech and music may be triggered with 
high precision for speech processing. As a result, individuals with a better musical 
aptitude have better linguistic performance than those who are less talented in music.
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Musical aptitude is an inherent potential that can facilitate music learning 
(Law & Zentner, 2012). Musical aptitude is associated with L2 acquisition or 
performance. Specifically, musical perception aptitude contributes to phonologi-
cal awareness as measured by accent-faking tasks (Coumel et al., 2019, 2023), 
knowledge of receptive and productive L2 phonology (Slevc & Miyake, 2006), 
and L2 speech imitation intelligibility (Delogu & Zheng, 2020). Moreover, mu-
sical aptitude is positively correlated with the perceived accentedness of speech 
imitated by speakers who do not speak those languages. For instance, adults with 
a high singing talent can better imitate unintelligible and unfamiliar speech sounds 
(Christiner & Reiterer, 2013).

Nevertheless, there is no agreement on the specific components(s) of musical 
aptitude that predict L2 speech perception and production. These components may 
play different roles in specific phonetic and prosodic domains, among which rhythm 
and pitch have been largely discussed. Rhythmic perception abilities correlate with 
the perception of L2 speech rhythm (Boll-Avetisyan et al., 2017); durational con-
trasts (Li et al., 2020), and the imitation accuracy of unfamiliar languages (Christiner 
& Reiterer, 2013). Pitch perception abilities are mainly associated with L2 tones 
(Bowles et al., 2016; Christiner et al., 2022; Li & Dekeyser, 2017), L2 intonation 
production (Yuan et al., 2019), and global pronunciation proficiency (Posedel et al., 
2012). Compared to rhythm and pitch, results are less conclusive for the other com-
ponents of musical aptitude. For example, melodic skills positively correlate with L2 
lexical tone perception (Delogu et al., 2010) and intonation production (Yuan et al., 
2019), but not with vowel formants (Jekiel & Malarski, 2021). Musical perception 
abilities in accent and/or melody predict the imitation of unfamiliar regional accents 
(Murljacic, 2020) and unfamiliar languages (Li et al., 2024), as well as L2 lexical 
stress perception (Li & Xi, 2024).

In summary, previous studies have revealed inconsistent findings on the role of 
musical aptitude components in L2 speech. More importantly, the role of musical 
aptitude may differ in imitating familiar and unfamiliar L2s. However, to the best of 
our knowledge, only Christiner and Reiterer’s (2013) study directly compared how 
musical aptitude affects imitation skills in familiar and unfamiliar L2s. They had L1 
German speakers imitate English (familiar) and Hindi (unfamiliar) and found that 
musical perception abilities were only relevant for unfamiliar L2, with rhythm and 
voice quality perception abilities being positive predictors. However, the partici-
pants in Christiner and Reiterer’s (2013) study were singers with professional musi-
cal training. Therefore, it is unclear whether musical expertise plays a confounding 
role with musical aptitude. Hence, a design with non-musicians imitating both famil-
iar and unfamiliar L2s is needed to advance this topic.
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1.2. The role of domain-general auditory processing abilities in L2 
speech perception and production

Beyond musical perception abilities, general hearing abilities or auditory pro-
cessing abilities are fundamental constructs for speech sound processing (Saito, 
2023). Auditory processing abilities refer to “a set of lower-order abilities related to 
precisely perceiving individual dimensions of acoustic information” (Saito, 2023, p. 
525). Better auditory abilities entail higher L2 lexical proficiency (Saito et al., 2022), 
better speech perception (Saito et al., 2022), and production accuracy (Saito et al., 
2020), although they show limited effects on the improvement in perception after 
studying abroad (Sun et al., 2021) and L2 speech fluency (Saito et al., 2020).

Some studies investigated which specific auditory traits precisely predict L2 
speech performance. The tests include pitch, formants, duration, and intensity. The 
predictive role of the specific component of auditory processing abilities appears to 
be subjective to the linguistic domains. For example, formant discrimination abili-
ties account for the successful production of challenging L2 sounds (Saito et al., 
2022) and segmental accuracy improvements after a study abroad program (Saito et 
al., 2020), but not suprasegmental learning or fluency measures (Saito et al., 2020; 
Zheng et al., 2022). Similarly, while duration discrimination predicts the segmental 
and lexical stress accuracy, it fails to predict intonation accuracy and optimal speed 
(Zheng et al., 2022). Finally, pitch discrimination abilities positively affect L2 seg-
mental and intonation accuracy, but not word stress or optimal speed (Zheng et al., 
2022).

To sum up, auditory processing is essential for L2 speech perception and pro-
duction. However, since most of previous research dealt with proficient L2 speak-
ers, it remains unclear how individual differences interact with factors related to 
language familiarity. For instance, would auditory processing abilities equally pre-
dict the imitation performance of familiar L2 and unfamiliar L2? The latter one re-
sembles a learner’s initial contact with a novel language, which provides insights 
into L2 teaching and training. Moreover, it is unclear which specific components are 
the most relevant predictors. Again, language familiarity may also play a role in this 
regard.

1.3. The role of working memory in L2 speech perception and production

While human communication relies heavily on auditory cues, the processing of 
such cues involves a series of executive functions, among which, working memory 
accounts for the updating and mental manipulation of information (Darcy et al., 
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2016; Mora & Darcy, 2023). Working memory refers to the temporary storage and 
simultaneous manipulation of information during cognitive processes, providing in-
terfaces between perception, long-term memory, and actions (Baddeley, 1992). Ac-
cording to the Multicomponent Model of Working Memory (Baddeley et al., 2021), 
speech sounds and musical stimuli are first retrieved through hearing resources and 
stored temporarily in the phonological loop, which is then supported by the execu-
tive function through the episodic buffer. Accordingly, better phonological short-
term working memory allows more speech signals to be stored for processing, which 
enhances language comprehension, acquisition, and production (Baddeley, 2003; 
Baddeley et al., 1988, 1998). 

L2 speech perception and production require high working memory loads (Alia-
ga-García & Mora, 2008; Fortkamp, 2000; O’Brien et al., 2007; Trude & Tokowicz, 
2011), especially at the beginner level (O’Brien et al., 2006) or during initial contact 
with the new language, as reflected by the processing and imitation of unfamiliar 
languages (Christiner & Reiterer, 2013, 2015, 2018). This highlights the crucial role 
of working memory in phonological awareness and the retention of speech sound 
sequences. By contrast, several studies have reported limited predictive effects of 
working memory on imitation accuracy in unfamiliar languages (Coumel et al., 
2019; Li et al., 2020; Li et al., 2022). Similar findings were also revealed for the 
productive abilities of a familiar L2, such as fluency (Mizera, 2006), and overall 
pronunciation accuracy (Cho, 2018; Posedel et al., 2012).

In short, previous studies have revealed contradictory evidence regarding the 
role of working memory in L2 speech production. When considering the role of 
language familiarity, more evidence is needed to clarify whether the role of work-
ing memory differs in predicting the imitation of familiar and unfamiliar L2s. Taken 
together, it seems relevant to investigate how the three cognitive factors–musical 
aptitude, auditory processing abilities, and working memory–predict L2 speech imi-
tation skills while considering the role of familiarity. In the present study, language 
familiarity refers to whether an imitator has prior knowledge in the target L2 they 
are imitating.

1.4. The present study

This study aimed to explore the influence and interactions of multiple individual 
factors (musical aptitude, auditory processing, and working memory) on the imi-
tation skills in a familiar L2 (with previous language learning experience) and an 
unfamiliar L2 (with no previous language learning experience). The familiar L2 was 
English and the unfamiliar L2 was Chinese.
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We address the following research questions and hypotheses:

RQ1: �Which cognitive factors predict L2 speech imitation skills, and does lan-
guage familiarity affect the predictive values of cognitive factors?

H1a: �Musical aptitude, auditory processing abilities, and Working memory 
would predict L2 speech imitation skills. 

H1b: �Imitators can retrieve previous knowledge when imitating a familiar L2, 
while when imitating an unfamiliar L2, the lack of previous knowledge 
would lead imitators to seek more cognitive resources to complete the imi-
tation. We hypothesized that cognitive factors would be more predictive in 
unfamiliar L2 than in familiar L2.

RQ2: �In each of the cognitive factors, which components would be the most 
predictive variables, and would language familiarity play a role?

H2: �It will remain exploratory as to which components of each cognitive ability 
would be the most predictive, but it is reasonable to hypothesize that the 
predictive value of the specific components would be more robust in unfa-
miliar L2 than in familiar L2.

2. Method

2.1. Participants

The participants (N = 35, 20 females, aged 19 – 50 years, M = 29.14, SD = 
8.58) were adult, non-native speakers of the familiar L2, English, with no prior 
knowledge of the unfamiliar L2, Chinese. The sample size was determined based 
on two factors. First, to assess imitation abilities, the participants would imitate 18 
phrases (see Section 2.2 for details), and each phrase would be rated by human rat-
ers (see Section 2.4 for details). To avoid raters’ fatigue and ensure rating validity, 
the rating session should be controlled to a reasonable duration. Following previ-
ous research where the rating sessions usually last between one to two hours (Sun 
et al., 2021; Zheng et al., 2022), we decided to recruit around 30-40 participants so 
that the rating could be completed within two hours. Second, we would use linear 
mixed effects models to conduct trial-based analyses which consider variances on 
both participant (N =35) and item (18 phrases) levels (see Section 2.5 for details). 
This approach can even ensure good statistical reliability in extremely small-N 
designs (see Wiley & Rapp, 2019 for a five-participant study). Therefore, we con-
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sider that our current sample size is reasonable in terms of logistic feasibility and 
statistical validity.

To ensure that our findings are generalizable cross-linguistically, following 
Christiner et al. (2018), we recruited participants from diverse linguistic back-
grounds whose L1s include Arabic (1), Dutch (2), German (3), Greek (3), Italian (2), 
Kurdish (1), Nepali (2), Newari (1), Norwegian (11), Polish (2), Serbian (1), Spanish 
(3), Swahili (1), Swedish (1), and Turkish (1). Moreover, the predictive roles of in-
dividual factors such as musical aptitude on imitation abilities are different between 
lexical tone language speakers and non-tone language speakers (Li et al., 2024). 
Because the current study was conducted in a European university, we decided to 
focus on non-tone language speakers due to logistic feasibility. As a result, any in-
dividuals without tone language knowledge but with fluent English knowledge who 
responded to our call for participants were considered eligible in terms of linguistic 
background.

All the participants were enrolled in MA courses with English being the instruc-
tion language, which ensured that the participants had to use English frequently and 
were familiar with English. Because the imitation task requires speaking and listen-
ing abilities, we asked the participants to self-estimate their English proficiency in 
speaking and listening from 1 (very poor) to 7 (native/near native). Then, following 
Li et al. (2020), we aggregated and converted the two scores to a 0-1 scale, calculat-
ed as “Proficiency = 0.5 × speaking score / 7 + 0.5 × listening score / 7”. Overall, the 
participants reported an advanced level of listening and oral proficiency in English 
(M = 0.86, SD = 0.14), which was further validated through their verbal communica-
tions in English with the experimenters. 

Finally, none of the participants had received professional musical education, 
except for regular musical classes at school, nor did they consider themselves (semi-)
professional musicians. All participants reported normal hearing with no document-
ed cognitive or speech disorders. Each participant gave written consent, which al-
lowed the researchers to process their personal data.

2.2. Materials

The experiment had four tests: L2 speech imitation, musical aptitude (accent, 
melody, pitch, and rhythm), auditory processing (duration, formant, and pitch), and 
working memory (forward and backward digit span task). The materials used for 
each part are described in the following subsections.
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2.2.1. L2 speech imitation task stimuli

A total of 18 phrases, nine in English and nine in Chinese, were designed for 
the L2 speech imitation task and recorded by one native speaker per language (Ap-
pendix A). Syllable length was decided based on the average number (7 ± 2) of dis-
crete items commonly recalled during working memory tests (Miller, 1994). Thus, 
the English phrases were 7, 9, or 11 syllables long, while the Chinese phrases were 
4, 6, or 8 syllables long. We decided to set the syllable length of the unfamiliar 
L2 to be lower than that of the familiar L2, after pilot trials revealed that syllable 
lengths beyond eight in Chinese were often too challenging for novice imitators. The 
materials can be found on OSF via this view-only link: https://osf.io/g72y6/files/
osfstorage?view_only=d84b04b30257466bb51142d301393948.

To make the task challenging, the phrases included difficult phonetic features 
for non-native speakers of English and Chinese. For instance, the English /ð-θ/ and 
/i-ɪ/ contrasts, connected speech, and vowel reduction; the Chinese alveolo-palatal 
sibilants /tɕ, tɕʰ-ɕ/, approximants (“apical vowels”) /ɹ, ɻ/ and the like (Chen et al., 
2013).

2.2.2. PROMS-S test

We chose four subtests (accent, melody, pitch, and rhythm) from the short Pro-
file of Music Perception Skills (PROMS-S) (Law & Zentner, 2012) to assess par-
ticipants’ musical perception abilities, following previous research (Li et al., 2022). 
Zentner and Strauss (2017) confirmed that PROMS-S has robust internal consistency 
(McDonald’s ω = 0.92), test-retest reliability (r = 0.88), and good discriminant va-
lidity (r = 0.49, moderate correlation between subsets). Therefore, PROMS-S is a 
standard test battery and has been used in many previous similar studies (e.g., Li et 
al., 2020; Li et al., 2022, 2024; Yuan et al., 2019).

The stimuli of the accent subtest were musical notes of equal duration but dif-
fered in intensity to test the participants’ discriminative abilities of the emphasized 
notes. The melody subtest assessed the perception of pitch changes using a series of 
monophonic eighth notes played with a constant rhythm. The pitch subtest consisted 
of pure tones varying in pitch to test the participants’ perceptual abilities to pitch 
changes. Finally, the rhythm subtests tested the participants’ perception abilities in 
temporal changes using a series of two-bar notes with constant intensity but varying 
duration. For the full test materials, refer to https://webapp.uibk.ac.at/psychologie/
musiquote/index.php/868468/lang-en. In our experiment, each participant was as-
signed a unique participant code for identification purposes. To take this test anony-
mously, one can write “visitor” as the participant code.
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2.2.3. Auditory processing test

We selected three subsets from the Auditory Processing-Discrimination Test 
Battery (Mora-Plaza et al., 2022) to measure the degree to which participants could 
perceive subtle changes in duration, formant, and pitch. The test battery is a re-
cently developed platform which has been widely used in a series of works (most 
of the literature reviewed in Section 1.2 used this platform) and can tap into dif-
ferent domains of auditory processing abilities (Saito & Tierney, 2024). A recent 
test-retest analysis on this test battery showed an overall intraclass correlation coef-
ficient of 0.689, which is considered fair to excellent by the authors (Saito & Tier-
ney, 2024). The testing materials can be found at https://drive.google.com/drive/
folders/1zpqAeeb5y9dlonpF_P-GejJwg7cBrvEs. 

2.2.4. Online test platform for working memory

The working memory test involved two tasks: a forward digit span and a back-
ward digit span. We used an online testing platform for this task (Denk, 2023), which 
followed the classic testing paradigm of digit span. The test can be accessed at https://
tools.timodenk.com/digit-span-test.

2.3. Procedure

Participants were tested in a quiet room. After signing the consent forms, they 
performed the tasks according to the experimenter’s instructions.

In the L2 speech imitation task, participants practiced the task using two ex-
ercise phrases, that were not part of the 18 test phrases. They then completed the 
test with the 18 target phrases via pre-timed presentations played on a computer. 
Participants could hear each phrase via a headset twice and imitate it once while 
being recorded by the Recorder software on the experimental computer. Both the 
order of the languages and phrases within each language set were randomized for 
each participant.

The participants then underwent PROMS-S tests in accent, melody, pitch, and 
rhythm, with each subtest containing 8-10 trials. In each trial, the participants first 
listened twice to the referent stimulus, followed by a comparison stimulus. They had 
to indicate whether the comparison differed from the referent and choose one answer 
from five options: definitely different, probably different, I don’t know, probably the 
same, and definitely the same.
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Next, the participants performed the auditory processing test using an adaptive, 
forced-choice procedure. Participants heard a sequence of three stimuli, separated by 
a 0.5s interval, and had to select whether the first or the third stimulus differed from 
the second by clicking the numbers “1” or “3” on screen. Initially, the task became 
more difficult; that is, the differences between the stimuli became subtle when par-
ticipants gave three correct responses. Conversely, the task became easier after an 
incorrect response. The tests were stopped after either 70 trials had been completed 
or after eight reversals had occurred.

Finally, the participants performed the working memory test. In the digit span 
tests, digits appeared on the screen individually. To remove interfere from auditory 
input, we unchecked the “enable sound” box so that the digits appeared on the screen 
in silence. In the forward mode, participants had to recall the digits by typing them 
on a keyboard in forward order. In the backward mode, participants had to type in 
numbers inverting the order in which they had seen them. For both tasks, we used a 
default speed of 1,000ms per digit, and the lowest possible span was four digits. A 
correct response would increase the span by one digit, whereas an incorrect response 
would end the test.

2.4. Data coding

2.4.1 L2 speech imitation rating

In total, the participants produced 623 imitation phrases (35 participants × 
18 phrases – 7 missing trials). Three native speakers of each language rated each 
sentence on a scale ranging from 1 (very bad imitation) to 9 (perfect imitation). 
The raters were MA or PhD students in linguistic studies at a public university. 
All had received training in phonetic studies. The English raters (2 females and 
1 male) were all British English speakers to match the accent of the speaker who 
provided the model speech for the imitation task. The Chinese raters were all from 
Mainland China (2 females and 1 male) with Mandarin Chinese being their native 
language, which also matched the linguistic profile of the model speaker of the 
imitation task. Before rating, raters received training on applying the rating scale, 
practicing 10 of the exercise phrases imitated by the participants, which were not 
included in the final analyses (see Section 2.3). During the training phase, raters 
could discuss the rating criteria until they reached agreement. In the formal rat-
ing session, the audio clips were played in a randomized order, and raters worked 
individually without discussion.
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2.4.2. Music aptitude scores

The PROMS-S test battery automatically generated four scores for each par-
ticipant: accent, melody, musical pitch, and rhythm. For each trial, a correct answer 
with “probably” was awarded 1 point and with “definitely” was awarded 2 points. 
A wrong answer or “I don’t know” received 0 point. The sum of the trials was the 
score of each subset.

2.4.3. Auditory processing scores

The auditory processing test battery automatically generated three scores: du-
ration, formant, and auditory pitch. Lower scores indicated more precise auditory 
processing abilities in each subset.

2.4.4. Working memory score

Working memory tests yielded two scores: forward and backward digit spans, 
which were the maximum number of digits that a participant could correctly recall 
in each mode.

2.5. Statistical Analysis

Data analysis was conducted using R (R Core Team, 2014) and the following 
packages: irr (Gamer et al., 2019), lme4 (Bates et al., 2015), and buildmer (Voeten, 
2021). The raw data and statistical analysis can be found on OSF via this view-
only link: https://osf.io/g72y6/files/osfstorage?view_only=d84b04b30257466bb5
1142d301393948. The irr package was selected following Hallgren’s (2012) rec-
ommendations for calculating inter-rater reliability with R software. This package 
provides a wide range of coefficients and their 95% confidence intervals (95% CI) 
which are critical for validating the reliability and replicability of human rating. 
The lme4 package is one of the most used R packages for performing hierarchical 
regression models as it supports complex random structures (Bates et al., 2015), and 
is especially compatible with model selection tools like buildmer. Finally, we used 
buildmer to automatically process stepwise model selection and optimize both fixed 
and random effects structures (Voeten, 2021). This approach can refine the model for 
RQ1 and conduct exploratory analyses for RQ2.

Inter-rater reliability was calculated using the irr package’s Intra-Class Correla-
tion analysis function. The raters showed good levels of reliability in English, ICC = 
0.88, 95% CI [0.86, 0.91], and Chinese, ICC = 0.88, 95% CI [0.86, 0.90]. Therefore, 
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each participant’s imitation score per item was calculated by averaging the three rat-
ing scores, which was labelled as “imitation score”.

To test H1, we averaged the scores of the components of each cognitive variable 
to give an overall score, so that we obtained working memory, auditory, and music 
scores. We then submitted the three scores as independent variables to a linear mixed 
effects model using lme4 package (Model 1), with imitation score as the dependent 
variable. Model 1 also added language (two levels: English vs. Chinese) as a fixed 
effect and the two-way interaction between language and each of the three cognitive 
scores. To test H2, we built three models using lme4 package, each targeting one 
cognitive variable (Model 2: musical aptitude; Model 3: auditory processing; Model 
4: working memory). All the numeric variables were z-score transformed before 
submitting to the models.

For each model, we first created a maximal model including all independent 
variables and their interactions with language (Chinese vs. English) and two random 
intercepts, participant and item, with all possible random slopes. For Model 1 (H1), 
we used buildmer to find the best regression model that could converge without 
eliminating any fixed effect or any of the interactions. By contrast, for Models 2-4 
(H2), because RQ2 is partially exploratory, we used buildmer to find the optimal ran-
dom structure and applied a stepwise backward elimination of the likelihood-ratio 
test to determine the fixed factors to be included in the final models.
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3. Results

Table 1 outlines the descriptive statistics for the independent and dependent 
variables. 

Table 1

Mean (M), standard deviations (SD), minimum (min), and maximum (max) values of the variables

  M SD Min Max

Imitation score

English 4.96 1.86 1.00 9.00

Chinese 3.14 1.68 1.00 8.33
Music score

Accent 4.50 1.68 1.00 8.00

Melody 5.13 1.60 2.50 8.50

Pitch 5.30 1.68 1.00 9.50

Rhythm 3.69 1.65 1.50 7.00
Auditory processing score

Duration 16.76 11.73 4.00 51.83

Formant 31.33 15.66 4.66 79.50

Pitch 13.37 8.75 4.16 44.33
Working memory score

Forward digit span 5.43 1.33 4.00 8.00

Backward digit span 5.14 1.24 4.00 9.00

3.1. RQ1: Which cognitive factors predict the L2 speech imitation 
skills and does language familiarity affect the predictive values of the 
cognitive factors?

The results of Model 1 (Table 2) can be interpreted as follows. First, musical 
aptitude score was not a significant predictor of imitation score and did not interact 
with language. Second, auditory score significantly predicted the English imitation 
score, but not the Chinese imitation score. As lower auditory score means better 
processing abilities, the negative coefficient means that better auditory precision pre-
dicted higher English imitation score. Third, working memory significantly predict-
ed both Chinese and English imitation skills, and the predictive value was stronger 
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for Chinese than for English. In sum, only auditory processing and working memory 
scores were significant predictors of imitation scores, and their predictive values 
were subject to language.

Table 2

Mixed effects model with imitation score predicted by cognitive scores (music aptitude, auditory 
processing, and working memory), language (Chinese vs. English), and the two-way interactions 
between the cognitive scores and language

  Fixed effects Random effects

β 95% CI P by 
participant

by 
item

        SD SD

(Intercept = Chinese) -0.46 [-0.72, -0.20] .002 0.10 0.12 

Music aptitude 0.02 [-0.13, 0.17] .791 0.01 

Auditory processing 0.01 [-0.12, 0.14] .905

Working memory (WM) 0.31 [0.18, 0.45] <.001

Language [English] 0.90 [0.47, 1.34] <.001 0.57 

Music × Language [English] -0.10 [-0.45, 0.25] .578

Auditory × Language 
[English]

-0.35 [-0.66, -0.04] .035

WM × Language [English] -0.37 [-0.70, -0.04] .038    

Model 1 formula: imitation ~ (music + auditory + working memory) * language + (language | 
participant) + (music | item).
Marginal R² = 0.32; Conditional R² = 0.78.

3.2 RQ2: In each of the cognitive factors, which components would be 
the most predictive variables, and would language familiarity play a role?

3.2.1 Musical perception abilities and imitation score

After backward elimination, Model 2 included only melody score and language 
as the main effects without interaction. Therefore, melody was the only significant 
musical component that predicted language imitation ability, regardless of language 
familiarity (Table 3). The positive coefficient means that individuals with better me-
lodic perception abilities can imitate an L2 better regardless of familiarity. Accent, 
musical pitch, and rhythm were not significant predictors. The main effect of lan-
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guage was not surprising, as an imitator is expected to imitate a familiar L2 much 
better than an unfamiliar L2.

3.2.2 Auditory processing abilities and language imitation skills

Model 3 (Table 3) only involved the significant main effects of auditory pitch 
and language. Therefore, pitch was the only significant auditory component to pre-
dict language imitation. As low auditory processing score indicated accurate audi-
tory processing abilities, the negative coefficient means that individuals with more 
precise pitch processing abilities showed better L2 imitation score, regardless of 
language familiarity. Duration and formant were not significant predictors.

3.2.3 Working memory and language imitation skills

Model 4 involved the main effects of forward digit span, backward digit span, 
language, and two-way interaction between backward digit span and language (Table 
3). The results showed that L2 imitation skills were predicted by the forward digit 
span regardless of L2 familiarity. However, although the backward digit span could 
predict L2 imitation skills in general, its predictive value was stronger for unfamiliar 
L2 than for familiar L2.

Table 3

Mixed effects models with imitation score predicted by the component scores of musical perception, 
auditory processing, working memory, and language, as well as possible two-way interactions

  Fixed effects Random effects

β 95% CI P by 
participant

by 
item

        SD SD

Model 2: Music perception and imitation score

(Intercept = Chinese) -0.47 [-0.74, -0.20] .002 0.40 0.35 

Melody 0.19 [0.05, 0.32] .012 0.08 

Language [English] 0.92 [0.47, 1.37] <.001 0.92 

Model 3: Auditory processing and imitation score

(Intercept = Chinese) -0.46 [-0.74, -0.19] .003 0.44 0.35 

Auditory pitch -0.16 [-0.29, -0.02] .030

Language [English] 0.90 [0.45, 1.36] <.001 0.91 
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Model 4: Working memory and imitation score

(Intercept = Chinese) -0.46 [-0.72, -0.21] .002 0.31 0.35 

Forward digit span 0.17 [0.05, 0.30] .010

Backward digit span 0.21 [0.08, 0.34] .003

Language [English] 0.90 [0.47, 1.34] <.001 0.85 

Backward × Lang 
[English]

-0.37 [-0.66, -0.07] .019    

Model 2 formula: imitation ~ melody + language + (language | participant) + (melody | item). 
Marginal R² = 0.24; Conditional R² = 0.78 
Model 3 formula: imitation ~ auditory pitch + language + (language | participant) + (1 | item). 
Marginal R² = 0.23; Conditional R² = 0.76 
Model 4 formula: imitation ~ forward + backward * language + (language | participant) + (1 | 
item). Marginal R² = 0.26; Conditional R² = 0.77

4. Discussion

The present study recruited L2 English speakers with no prior knowledge of 
Chinese to investigate whether individual differences in musical aptitude, auditory 
processing, and working memory affect their imitation of a familiar (English) and 
an unfamiliar (Chinese) L2. The results show that (a) overall, auditory processing 
and working memory significantly predict speech imitation skills; (b) music melody, 
auditory pitch processing abilities, and forward digit span are the significant com-
ponents; and (c) the predictive value of overall auditory score and working memory 
score (especially, backward digit span) depends on whether the imitator was familiar 
with the target L2. In what follows, we discuss the results to address our research 
questions.

4.1 The predictive role of music aptitude, auditory processing, and 
working memory in L2 speech imitation

We first hypothesized that better cognitive abilities would imply better speech 
imitation skills. We found that only auditory processing abilities and working mem-
ory played a significant role, while music aptitude did not. This suggests that, glob-
ally, having a good ear and good short-term memory is more important than musical 
aptitude in imitating L2. Notably, the results do not rule out the predictive value of 
musical aptitude on L2 imitation skills but rather demonstrate that musical aptitude 
is less predictive if other cognitive factors are considered.
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Regarding the role of language familiarity, we found that auditory processing 
only significantly predicted the imitation skills of the familiar L2, while working 
memory showed a stronger predictive value for the unfamiliar L2 than the familiar 
L2. This finding suggests that at the initial contact with an L2, a better short-term 
memory may weigh more than a better ear to capture and reproduce the phonetic de-
tails of nonnative sounds. However, when one has sufficient knowledge of the target 
L2, a good ear may help imitate fine-grained L2 phonetic details, reflected by a better 
imitation score. This finding adds new evidence to the field of L2 speech learning 
theory by demonstrating that short-term memory and auditory processing abilities 
are closely related to the degree of language familiarity.

4.2 The predictive role of specific components of music aptitude, 
auditory processing abilities, and working memory skills as well as the 
role of language familiarity

4.2.1 Musical aptitude

Within the domain of musical aptitude, melody perception ability appears to be 
the sole predictor of L2 imitation abilities, regardless of language familiarity. This 
finding is well in line with previous research that suggests that melodic perception 
abilities predict the imitation skills of unfamiliar languages (Delogu et al., 2010; 
Li et al., 2022, 2024) and extends the predictive value of melody to the imitation 
of familiar L2 as well. Interestingly, Li et al.’s (2022, 2024) studies showed that 
melodic perception abilities mainly predicted non-tone L1ers’ imitation skills but 
not tone L1ers’. In our study, we only recruited participants from non-tone language 
backgrounds. More importantly, the coefficient of melodic perception abilities in our 
study (β = 0.19) was close to that of Li et al. (2024) (β = 0.18). Taken together, the 
two studies show that melodic perception abilities seem to be the most important 
musical aptitude in predicting non-tone L1er’s L2 imitation skills.

By contrast, musical accent, pitch, and rhythm perception abilities were not sig-
nificant predictors. Previous research has shown that musical accent may be more rel-
evant for tone L1ers imitating unfamiliar L2, but not necessarily so for non-tone L1ers 
(Li et al., 2024). As we did not recruit any tone L1ers in the current study, musical ac-
cent ability was not a significant predictor. As for musical pitch and rhythm, these two 
components may be more related to specific domains, such as lexical tone (Bowles et 
al., 2016; Christiner et al., 2022; Li & Dekeyser, 2017), intonation (Yuan et al., 2019), 
word stress (Cason et al., 2020), speech rhythm (Boll-Avetisyan et al., 2017), and 
duration (Li et al., 2020), rather than speech imitation in general. Notably, Christiner 
and Reiterer’s (2013) study showed that rhythmic perception ability predicted profes-
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sional musicians’ imitation skills in an unfamiliar language (Hindi). However, none of 
the participants in this study were musicians. Therefore, the findings of Christiner and 
Reiterer (2013) may be a confounding result of musical aptitude and musical expertise.

4.2.2 Auditory processing abilities

As proposed by the Auditory Precision Hypothesis-L2 (Saito, 2023), individu-
als with more precise auditory processing abilities would be better at producing L2 
speech. This hypothesis pertains to actual L2 speech learning. Our data suggest that 
pitch processing ability accounts for L2 speech imitation skills, regardless of learn-
ers’ prior knowledge of the target L2. This finding has thus contributed new evidence 
to Saito’s hypothesis and suggests a potential differential role of the specific auditory 
domains that may dominate speech imitation skills in L2.

We did not find auditory processing abilities in duration or formant to be signifi-
cant predictors of L2 imitation skills. It might well be that duration and formant dis-
crimination abilities are domain-specific in affecting phonetic details of L2 speech 
production. For instance, duration discrimination ability can predict segmental or 
word stress accuracy but not intonation or fluency (Zheng et al., 2022). On the other 
hand, formant discrimination ability is more related to segmental learning (Zheng et 
al., 2022) but not necessarily to the imitation of a new language or accent. Therefore, 
these two factors may not affect overall speech imitation skills.

4.2.3 Working memory

According to the framework of working memory models (Baddeley, 2003; 
Baddeley et al., 1998, 2021), short-term memory is an essential component of the 
processing of verbal information, which supports L2 speech production. Our data 
showed that the forward digit span is a significant predictor of L2 speech imitation 
ability in both familiar and unfamiliar L2s. This supports the positive role of work-
ing memory in L2 speech production (Aliaga-García et al., 2011; Baker, 2008; Fort-
kamp, 2000; O’Brien et al., 2006, 2007; Trude & Tokowicz, 2011).

More importantly, specific working memory measures showed differential pre-
dictive values for familiar and unfamiliar L2s. The more challenging backward digit 
span predicted the imitation of an unfamiliar L2 better than a familiar L2. It might 
be that the backward digit span requires both information recall and information 
processing (Kormos & Sáfár, 2008), but the forward digit span mainly tests infor-
mation recall. This distinction is important because imitating an unfamiliar L2 does 
not require semantic information processing, and imitators only need to recall a se-
quence of phonetic forms. However, as our participants can speak English, a better 
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information processing ability may allow them more cognitive space to process the 
speech signal and reproduce it in their “own” way, while neglecting the accent of the 
model speaker.

5. Conclusions and practical implications

The current study has theoretical and practical implications. First, we demon-
strated that individual cognitive differences are key to predicting imitation skills in 
L2 speech production. It is relevant not only to newly exposed verbal materials but 
also to an already well-acquired L2. Among the cognitive measures, forward digit 
span, auditory pitch processing ability, and musical melody perception ability were 
positively correlated with L2 imitation skills in general. This finding suggests that 
in L2 teaching practice, training learners’ auditory processing abilities would lead to 
better learning outcomes (Saito, Petrova, et al., 2022) and making good use of the 
connections between music and speech (Cason et al., 2015; Liu & Liu, 2024) would 
contribute to L2 learning as well.

Second, our results contribute to theoretical models capturing the relationship 
between cognitive factors and speech production, such as the Multicomponent Work-
ing Memory model (Baddeley et al., 2021), the Auditory Precision Hypothesis-L2 
(Saito, 2023), and the OPERA hypothesis (Patel, 2011). We expanded the scope of 
this field by adding a new factor, language familiarity. It seems that the specific com-
ponents of the cognitive factors that play a role in speech imitation skills are subject 
to the typology of the imitator’s L1 (Li et al., 2024) and L2 under study (Christiner 
et al., 2018). Our study suggests that the imitator’s familiarity with the target L2 also 
makes a difference.

Third, in L2 teaching practice, attention should be paid to individual differences 
according to whether the learners are novice learners or experienced learners. For 
example, training auditory processing skills to improve pronunciation may be more 
effective for experienced learners than for beginners.

Finally, the current study has some limitations. To make the experiment at a rea-
sonable length, we did not vary the typology of the L2 across familiarity. It would be 
interesting for a future study to employ a 2 × 2 design where both familiar and unfa-
miliar L2s feature two typologically different languages. Moreover, although efforts 
were made to include participants from a variety of L1 backgrounds, the moderate 
sample size and dual-only L2 conditions may limit generalizability to populations 
speaking other language combinations. Future studies may seek to test a greater 
number of diverse familiar and unfamiliar L2s.
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To conclude, this study contributes to the body of L2 speech acquisition litera-
ture that emphasizes the significant role of individual cognitive differences— mu-
sical aptitude,  auditory processing abilities, and working memory—in influenc-
ing speech imitation skills. More importantly, we demonstrate that the predictive 
effects of the cognitive measures depend on the imitators’ familiarity with the 
target language, which provides insights into L2 teaching practice, as imitating 
an unfamiliar language well resembles the first encounter with a novel language. 
It is plausible that the relevant components of individual cognitive factors vary 
across the learners’ experiences in the target L2 ranging from novice learners to 
experienced learners. Building on this, further research could tailor instruction 
by considering the cognitive factors in constructing teaching content, practice 
and feedback to learner’s strengths. For instance, technology-mediated platforms 
could monitor cognitive load and auditory performance in real time which enables 
dynamic practice adjustments to optimize engagement and progress across diverse 
L2 learners. These teaching practices can lead to important implications regarding 
how individual differences and differentiated instruction contribute to L2 educa-
tional development. 
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Appendix A. Imitation Task Stimuli

English phrases Chinese phrases
Short phrases

They just washed the dirty sheets. 可爱猫咪

/kʰɤ3. aɪ4. mɑʊ1. mi1/
Lovely cat.

He put down knives, but no forks. 两只老虎

/ljɑŋ3. ʈʂɻ1. lɑʊ2. xu3/
Two tigers.

He booked a room for four nights. 纯色裙子

/ʈʂʰuən2. sɤ4. tɕʰyn2. tsɹ/
Solid color skirt.

Medium-length phrases
I used to go cycling once a week. 那电影很好看

/na4. tjɛn4. ɪŋ3. xən2. xɑʊ3. kʰan4/
That movie is great.

Are there umbrellas I can borrow? 他喜欢听音乐

/tʰa1. ɕi3. xwan1. tʰɪŋ1. ɪn1. ɥœ4/
He likes listening to music.

She is the owner of the brewery. 我们需要知识

/uɔ3. mən. ɕy1. jɑʊ4. ʈʂɻ1 ʂɻ/
We need knowledge.

Long phrases
�This is the thing I was thinking of buying. 度过了美好的一天

/tu4. kuɔ4. lɤ. meɪ2. xɑʊ3. tɤ. i4. tʰjɛn1/
It’s been a nice day.

�They stole the crown jewels at the  
coronation?

郊外有一片白桦林

/tɕjɑʊ1. uaɪ4. joʊ3. i2. pʰjɛn4. paɪ2. xwa4. lɪn2/
There is a birch forest in the suburbs.

�The sixth glass of beer made him very 
nauseous.

警察让出租车停下

/tɕɪŋ3. ʈʂʰa2. ʐɑŋ4. ʈʂʰu1. tsu1. ʈʂʰɤ1. tʰɪŋ2. ɕja4/
The police stopped the taxi.

Note. Lexical tones are marked by numbers (1-4). The neutral tone is unmarked.






