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ABSTRACT 
 
The aim of this research is to investigate the relation between musical aptitude and the 
acquisition of L2 rhythm by Polish advanced learners of English. A longitudinal study 
was conducted among 50 Polish students of English reading the “Please Call Stella” 
passage before and after an intensive two-semester accent training course supple-
mented by an extensive practical course in English phonetics and phonology. Partici-
pants also completed two musical hearing tests (Mandell 2009) and a survey on musi-
cal experience. Automated alignment was performed in DARLA (Reddy and Stanford 
2015) and reviewed in Praat (Boersma and Weenink 2019). We compared the rhythm 
metrics calculated in Correlatore (Mairano and Romano 2010) before and after training 
and juxtaposed them against the pronunciation teachers’ results. We reported a signif-
icant difference between the scores for vocalic intervals across all rhythm metrics, in-
dicating that participants’ produced higher vocalic variation after training, more similar 
to their teachers. However, we observed no significant relationship between the partic-
ipants’ rhythm metric scores and their musical hearing test scores or musical experi-
ence, suggesting that musical aptitude might not play a crucial role in the L2 rhythm 
production in a formal academic learning environment. 
 
KEYWORDS: L2 rhythm; rhythm metrics; accent training; language and music; musical 
aptitude. 

 
 

1. Introduction 
 
Linguists and musicologists agree that the relationship between language and 
music can be observed on many levels: (1) both are specific to humans and 
appear in every society throughout history (Nettl 2000); (2) they share the 
same neural resources responsible for processing linguistic and musical struc-
tures (Koelsch et al. 2002); (3) both have tone, melody, and rhythm, as well as 
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measurable duration, frequency, and timbre (Fadiga et al. 2009); (4) and they 

are both constructed out of syntactic sequences of sounds that can be used to 

produce an infinite number of possible hierarchically structured signals (Fenk-

Oczlon 2009). These similarities led to a number of studies interested in estab-

lishing whether musical skills can be related to language skills. Both musical 

aptitude, i.e. the “potential to achieve in music” (Gordon 1989), as well as 

musical experience, i.e. music education and performance, have been con-

nected to language skills (Magne et al. 2006). Musical aptitude can positively 

influence processing of speech, both in terms of perception and production 

(Chobert and Besson 2013); as well as phonological awareness (Culp 2017) 

and successful second language learning (Milovanov 2004). Formal music ed-

ucation and musical training can also have a positive effect on the brain mech-

anisms related to language skills (Wong et al. 2007), although it has also been 

argued that the majority of such studies do not derive their data from experi-

mental studies (see Patel 2008 for fuller treatment). 

Recent research suggests that musical aptitude can also have a positive 

effect on the acquisition of L2 pronunciation, including both segmental and 

suprasegmental features. In a study by Milovanov et al. (2008), children with 

superior musical skills acquired advanced English pronunciation, while Slevc 

and Miyake (2006) confirmed a link between musical aptitude and second lan-

guage listening discrimination and speech production among Japanese 11-

year-old learners of English. In the case of adult language learners, Milovanov 

et al. (2010) found a relation between musical aptitude and pronunciation skills 

in Finnish learners of English. Musical aptitude can also affect direct speech 

imitation (Pastuszek-Lipińska 2008), which constitutes a learning task, as well 

as accent faking (Coumel et al. 2019), which relies on retrieving previously 

stored phonetic representations. The above-mentioned studies suggest that in-

vestigating the exact interactions between specific aspects of musical aptitude, 

i.e. pitch perception, melodic memory, and rhythm perception, and specific 

aspects of L2 pronunciation, i.e. segmental and suprasegmental phonetics, 

should be regarded as essential in the process of understanding the precise re-

lationship between these two domains. 

While language and music share some commonalities with regard to 

rhythm, recent research still remains inconclusive. Both speech and music 

have complex hierarchical rhythmic structures and similarly use pitch and du-

ration to mark group boundaries, albeit in a different manner (Patel 2008). 

Several studies confirmed the existence of shared neurocognitive resources for 

rhythm in speech and music (e.g. Magne et al. 2016), suggesting that rhythmic 

grouping in music can be considered as an offshoot of prosodic grouping in 
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speech. Some researchers even suggested that musical rhythm can be a reflec-
tion of the musicians’ language rhythm, based on similar differences found 
between the rhythm metric scores for the composer’s native language and their 
instrumental music, e.g. in the case of English and French speech and early 
20th century English and French classical music (Patel and Daniele 2003), alt-
hough these results were later regarded as questionable due to the complex 
nature of classical music rhythmic patterns and the effect of sample selection 
on the rhythm metric scores (London and Jones 2010). 

This study is particularly interested in the relationship between L2 
rhythm and musical rhythm. According to Jusczyk (1999), rhythmic percep-
tion plays an important role in successful language acquisition and is related 
to phonological awareness (Moritz et al. 2013). Llanes-Coromina et al. (2018) 
also argue that practicing musical rhythm can improve L2 pronunciation, spe-
cifically in terms of perceived comprehensibility and fluency, which are often 
related to perceived language rhythm. Roncaglia-Denissen et al. (2016) sug-
gest an alternative relationship, claiming that second language learners can 
develop enhanced musical rhythmic perception, especially if the learners’ L1 
rhythmic properties significantly differ from their L2. In the study, adult Man-
darin, Turkish, and Dutch learners of English were compared with Turkish 
monolinguals in terms of their musical skills using a melodic and rhythmic 
aptitude test (Wallentin et al. 2010), similar in assumptions and procedures to 
the ones used in this study. The authors reported a significant difference in the 
rhythmic aptitude test scores between monolinguals and bilinguals, as well as 
between the learners whose L1 rhythm is traditionally considered as different 
than English, e.g. Mandarin learners of English scored better than their Dutch 
counterparts, although the latter still scored better than Turkish monolinguals. 
However, to the best of our knowledge, there is still no study that investigates 
the relationship between musical aptitude and the acquisition of L2 rhythm 
using language rhythm metrics. This study will try to enrich the current 
knowledge on the relation between L2 rhythm and musical rhythm, using 
quantitative rhythm metrics and musical aptitude measurements. 

 
 

1.1. Language rhythm and rhythm metrics 
 
Although there is a plethora of studies covering various intricacies of language 
rhythm, there is still no universally accepted definition of this phenomenon. 
According to Dellwo (2006), rhythm is the systematic organisation of promi-
nent and less prominent speech units in time, where speech units are defined 
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as syllables or vocalic intervals, while prominence as longer duration, stronger 
intensity or higher frequency. According to Gut (2012), speech rhythm can be 
regarded as the temporal organisation of language, a periodic recurrence of 
events or a structural property of a language, which allows to categorise it to 
a particular rhythm class or locate it on a rhythmic continuum. As all languages 
are rhythmically organised, researchers have tried for a considerable period of 
time to label every language in respect to their rhythmic features with various 
outcomes. 

The first attempt to classify languages according to their rhythm was made 
by Pike (1945) using the concept of isochrony, i.e. the rhythmic division of 
time into equal portions, which was later supported by a physiological expla-
nation found in Abercrombie (1967). According to this hypothesis, languages 
can be categorised either as syllable-timed, i.e. having syllables of equal dura-
tion (usually Romance languages, e.g. French, Italian, Spanish); or stress-

timed, i.e. having patterns of equal duration between stressed syllables (usu-

ally Germanic languages, e.g. English, German, Dutch). While such a dichot-

omy can be regarded as structurally elegant, later studies have shown that 

many languages are not easily subject to such classification (Ramus et al. 

1999), although some perceptual studies also confirmed that listeners can in-

deed discriminate between selected stress-timed and syllable-timed languages 

(Nazzi et al. 1998, Ramus et al. 2003). Therefore, there was a need to find 

acoustic correlates of language rhythm in the speech signal through experi-

mental studies. Roach (1982) suggested that languages categorised as stress-

timed would need to have significant variation between stressed and un-

stressed syllables and rely on vowel reduction to keep the stressed syllables 

relatively salient, while syllable-timed languages would need to have fairly 

equal syllable length. 

Following these assumptions, Dauer (1983) proposed that rhythm is a gra-

dient feature of a language, rather than an absolute one, and results from a 

combination of phonetic, phonological, lexical and syntactic facts, such as syl-

lable structure, word stress and vowel reduction. The model proposed by 

Dauer is also considered as the precursor for the development of rhythm met-

rics, which allow to conduct quantitative research into language rhythm and 

measure the rhythmic differences between languages belonging to the conven-

tional rhythmic categories. These rhythm metrics rely on the timing relations 

between vocalic and consonantal1 intervals, assuming that language rhythm is 

 

1 Some studies use the term “intervocalic” instead of “consonantal”. For consistency with rhythm 

metric names, we use the latter. 
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primarily determined by vocalic and consonantal variation. For example, 
stress-timed languages such as English or German allow vowel reduction and 
complex consonant clusters, which lead to higher variation of content of vo-
calic and consonantal intervals, while syllable-timed languages usually do not 
have these features, and consequently, have lower vocalic and consonantal var-
iation. 

The first rhythm metrics proposed by Ramus et al. (1999) were used to 
divide speech into vocalic and consonantal intervals in order to calculate the 
proportion of these intervals within a sentence and their standard deviation. 
%V and %C represent the timing proportions of vocalic and consonantal in-
tervals in a single utterance, while ΔV and ΔC (also referred to as Vdev and 
Cdev respectively) stand for the standard deviations of these intervals. The 
results of these metrics for several languages corresponded to the traditional 
rhythm categories proposed by Pike (1945) and Abercrombie (1967). In a sub-
sequent study by Ramus et al. (2003), these metrics have been validated in a 
perceptual study, where participants listening to modified speech with de-
graded segments and intonation could discriminate between English and 
Polish, which had different %V and ΔC scores, but couldn’t differentiate be-
tween English and Dutch, which had similar rhythm metric scores. 

Although %V is regarded as a fairly reliable predictor of rhythm types, ΔV 
and ΔC results can be easily affected by speech rate variation. To resolve this 
issue, Dellwo and Wagner (2003) and Dellwo (2006) introduced the rate-nor-
malised metrics VarcoV and VarcoC in order to normalise the results across 
fluctuating speech rates by means of calculating the standard deviation of vo-
calic/consonantal interval duration, dividing it by the mean vocalic/consonan-
tal interval duration and multiplied by 100. Dellwo and Wagner (2003) sug-
gested that VarcoC can be more accurate than ΔC in discrimination between 
stress-timed and syllable-timed languages, while White and Mattys (2007) 
confirmed that VarcoV can be more precise than ΔV in capturing rhythmic 
differences between languages. While normalisation can provide more accu-
rate results by neutralising differences in speech rate, Mairano and Romano 
(2011) also point out that this can potentially neglect relevant phenomena con-
nected to speech tempo, thus it is recommended to use both raw and normal-
ised rhythm metrics in order to obtain a more reliable and complete profile of 
the investigated material. 

Another series of rhythm measurements was proposed by Low et al. 
(2000) and Grabe and Low (2002). The PVI (Pairwise Variability Indices) are 
measures of temporal patterning in speech used for comparing languages by 
means of calculating the degree of durational contrast between successive el- 
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ements in a sequence. These metrics can be used to compare adjacent vocalic 

(PVI-V) or consonantal (PVI-C) intervals, providing the mean of the differ-
ences between these successive intervals divided by their sum. The PVI 
measures were designed respectively to reflect alternating stressed syllables 
and consonant cluster variation, which are considered as the two most im-
portant features of stress-timed languages. While a higher vocalic PVI result 
indicates higher variation in vowel duration and the presence of vowel reduc-
tion, a higher consonantal PVI result implies higher variation of consonantal 
clusters. The nPVI (normalised Pairwise Variability Indices) measures dura-
tional contrasts between consecutive elements in a sequence and normalises 
them for fluctuations in speech rate. Specifically, this rhythm metric calculates 
the variation in length of neighbouring pairs of vocalic and consonantal inter-
vals and averages these results over the entire speech. Similarly to the rate-
normalised VarcoV and VarcoC, nPVI-V and nPVI-C can avoid the distortion 
of results due to speech rate variation. These metrics were successfully used 
to study the rhythmic differences between accents of English, confirming that 
Singaporean English is more syllable-based than stress-based British English 
(Low et al. 2000). Although the difference between the two accents is rela-
tively small when compared with other languages, it shows that rhythm met-
rics can be used to detect finer rhythmic characteristics both across languages 
and accents. Another method for normalising the PVI scores is the CCI (Con-
trol/Compensation Index) in Bertinetto and Bertini (2008), which divides the 
duration of each interval by the number of segments in it. Similarly to the PVI 
measures, CCI-V is used for vocalic intervals and CCI-C for consonantal in-
tervals respectively. 

In order to guarantee reliable and reproducible rhythm metric results, cer-
tain measures need to be implemented. First, it is important to rely on a con-
sistent segmentation procedure, as the segmentation choices can affect the re-
sults (Mairano and Romano 2011). Automatic segmentation should provide 
more uniform results and facilitate the preparation of larger speech samples, 
as previous studies relied on a limited number of speakers due to time-con-
suming manual segmentation. Second, the use of one type of speech data is 
crucial, as rhythm metric results can significantly vary between spontaneous 
and read speech (Dellwo and Wagner 2003, Arvaniti 2012). Moreover, the 
structure of the reading text alone can influence the results, as Gibbon (2003) 
confirmed that the same ratio of alternating patterns and monotonic geometric 
series can yield the same rhythm metric scores. Finally, a common issue in 
studies on speech rhythm stems from speech rate, as the speed of articulation 
can affect the results of some rhythm metrics and reveal that rhythmic varia- 
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bility within a particular language can be as significant as between languages 

(Arvaniti 2012). For example, this can be a result of an unnatural, slowed down 
manner of reading a text by L2 speakers. Therefore, it is crucial to either con-
trol for speech rate or avoid comparing L2 speech to L1, as it might yield dis-
torted results. 
 
 
1.2. Rhythm in English and Polish 
 
English has been traditionally classified as a prototypical stress-timed lan-
guage, primarily due to its complex syllable structure, vowel reduction and 
variable stress patterns. On the other hand, the status of Polish rhythm category 
has been changing over the years. Rubach and Booij (1985) argued that Polish 
is an atypical case of a stress-timed language, while Avery and Ehrlich (1992) 
claimed that it should be regarded as a syllable-timed language due to its lack 
of vowel reduction. Alternatively, Polish has been categorised as a mixed-type 
language, occupying an intermediate position and exhibiting features of both 
stress-timed languages (variable and complex syllable types) and syllable-
timed languages (lack of phonological vowel reduction) (Nespor 1990, Grabe 
and Low 2002). In a recent study by Mairano and Romano (2011), Polish was 
also considered as a rather isolated case across other European languages, hav-
ing both low vocalic variability due to the lack of vowel reduction and high 
consonantal variability caused by complex consonant clusters. Due to these 
measurable differences between Polish and English rhythm, it should be pos-
sible to observe non-native rhythm metric scores in Polish learners of English 
when they are speaking English. Specifically, we expect that the L2 English 
rhythm metric scores will be closer to L1 Polish than L1 English due to incon-
sistent vowel reduction and vowel duration, the two key features that signifi-
cantly affect rhythm metric scores and are considerably different in Polish and 
English. 
 
 
1.3. Teaching second language rhythm 
 
While language rhythm is considered to be one of the first aspects of language 
acquired by infants (Nazzi et al. 1998), the acquisition of L2 rhythm can be 
problematic, especially for adult learners, and contributes to the perception of 
foreign accent (Barry 2007). A number of studies have confirmed the influence 
of prosodic features on learner’s intelligibility and comprehensibility (Avery 
and Ehrlich 1992, Roach 2002, Field 2005), including the role of L2 speech 



322 M. Jekiel 

rhythm. In the case of learners of English as a foreign language (henceforth 
EFL), non-native rhythm usually results from insufficient durational differ-
ences between speech intervals, incorrect word stress and the misapplication 
of pauses (Adams 1979). 

There is still a scarcity of studies on L2 rhythm production, e.g. Guilbault 
(2002) and Gut (2009) found no effect of pronunciation training or staying 
abroad on learners’ rhythmic properties. A few recent studies (e.g. Lin and 
Wang 2005, Grenon and White 2008) used different rhythm metrics to com-
pare L2 learners, revealing that their rhythmic scores were located between 
their L1 and L2 target values. Tortel and Hirst (2010) investigated the rhythmic 
scores of French learners of English, confirming that rhythm metrics can be 
successfully used to differentiate between learners and native speakers, as well 
as learners with varying levels of proficiency, while pointing out the effect of 
hyperarticulation on the results, a common issue across EFL learners. How-
ever, studies on rhythmic differences between learners with different levels of 
proficiency have been inconclusive. Ordin and Polyanskaya (2015) observed 
a similar development from syllable-timed patterns to stress-timed speech 
across L2 learners of English with different L1 rhythm types and various de-
grees of L2 competence, although German learners of English achieved more 
native-like rhythm metric scores than corresponding French learners of Eng-
lish, even when the latter group was at an advanced level of proficiency. Jang 
(2008) found no significant differences between similar groups, while a recent 
study by White and Mok (2018) reported significant development in L2 
rhythm production by observing a change in rhythm metric scores across their 
subjects, noticing a stronger effect of language experience over length of resi-
dence, albeit their sample comprised only five participants. 

There is also insufficient research regarding the development of L2 rhythm 
production among Polish learners of English. Gralińska-Brawata (2014) in-
vestigated the effect of pronunciation training on rhythm metric scores in ad-
vanced Polish EFL learners. Apparent progress was reported across all partic-
ipants in at least one rhythm measurement, but only ΔV and VarcoV scores 
had significant differences between L1 and L2. Although the reliability of 
rhythm metrics in observing the development of L2 rhythm production still 
remains inconclusive, the results suggest that language rhythm can be learna-
ble and teachable. Therefore, we expect to notice a difference in the L2 rhythm 
metric scores before and after training among our participants. Specifically, 
we expect that the L2 rhythm metric scores will be more similar to native-like 
results after training due to the acquisition of vowel reduction and greater var-
iation in vowel duration. Moreover, since this study is also interested in the 
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influence of musical aptitude on second language pronunciation, we assume 

to report more native-like L2 rhythm metric scores before and after training 

among learners with finer musical aptitude. To summarise, this study will try 

to answer the following questions: 

1. Does accent training affect rhythm metric scores in Polish advanced 

speakers of English? If yes, which rhythm metrics can indicate this 
change? 

2. Are rhythm metrics capable of differentiating between intermediate and 
advanced language learners’ L2 rhythm production? 

3. Does musical aptitude, particularly rhythm perception, affect rhythm met-
ric scores in L2 speech? 

 
2. Method 
 
2.1. Participants 
 
The following study comprised 50 (42 female, 8 male; age 19–21) advanced 

Polish learners of English (between B2 and C1 according to CEFR framework) 

with similar results in their secondary school exit exam in English. Before the 

study, all participants completed LexTALE, i.e. Lexical Test for Advanced 

Learners of English (Lemhöfer and Broersma 2012), to verify their current 

level of proficiency in English. The mean result is 74.48% (SD = 8.93), which 

indicates that the group is relatively advanced and homogenous. We observed 

no L1 accent variation in our participants, i.e. prior to recording English 

speech, we evaluated impressionistically their Polish spontaneous speech. All 

participants were using standard Polish (Jassem 2003, Gussmann 2007). Par-

ticipants had no medically documented speech or hearing impairment and did 

not have formal accent training prior to the study, i.e. they spoke without a 

distinctive British or American accent. All participants signed an informed 

written consent prior to study enrollment and were not remunerated after the 

study, but received extra course credit for taking part in the study. 
 
 

2.2. Training 
 

All participants were students of English at university level and received an 

accent training course in English with a total of 90 hours of class work during 

the first two semesters as part of their curriculum. The main goal of the course 

is to teach the students to speak with a native-like General British accent, i.e. 
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the Standard British English accent spoken in the South of England (students 
can choose whether to practise General British or General American pronun-
ciation prior to the course start date). The course comprised segmental (i.e. 
vowels and consonants of English) and suprasegmental phonetics (i.e. intona-
tion, rhythm, syllable stress and sentence stress). The teaching methodology 
was holistic, i.e. individual features were taught together with prosodic and 
connected speech processes, rather than in isolation. In the classroom, partici-
pants were taught with the use of exercises, reading passages and drama per-
formance. Outside the classroom, participants had to prepare recordings based 
on various reading texts, dialogues and news reports. During the accent train-
ing course, all participants were familiarised with the differences in English 
vowel length (including such phonetic processes as clipping, i.e. shortening 
the articulation of vowel before fortis consonants in a stressed syllable) and 
vowel reduction. These features were practiced in various modes of speech, 
e.g. via wordlists and reading passages. The participants belonged to four 
groups and received instruction from four different Polish pronunciation 
teachers who specialise in teaching English pronunciation and spoke with na-
tive-like General British accents. While teaching English pronunciation by 
non-native speakers can be questionable, the participants should benefit from 
having instructors with personal experience in learning English pronunciation. 
Moreover, Polish teachers are aware of typical pronunciation errors made by 
Polish learners of English and capable of providing sufficient feedback so that 
students can improve. One of the most common errors made by Polish learners 
of English is lack of vowel reduction, which is taught during the first academic 
year and should affect the rhythm metric results (see Sobkowiak 2004 for a 
comprehensive list). All participants also attended a supplementary practical 
course in English phonetics and phonology with a total of 45 hours of class 
work during the first two semesters. The aim of the course is to increase learn-
ers’ phonological awareness and provide theoretical knowledge for potential 
future teachers and researchers of English. The course syllabus included artic-
ulatory and acoustic phonetics, phonemic and phonetic transcription, intona-
tion and rhythm. Students were assessed via weekly quizzes and four tests. 

 
2.3. Data 
 
A recording of the text “Please Call Stella” was obtained before and after the 
two-semester accent training course. Both recording sessions were conducted 
in an anechoic room with an MXL microphone connected to a MacBookPro 
via a Roland Duo Capture EX audio interface recording in mono 44.1 kHz 
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frequency and 16-bit resolution. The text was displayed on an external monitor 

in a large white font against a black background. The same procedure was used 

to record all four pronunciation teachers who conducted the accent training 

course. The primary reason for analysing L2 English without L1 Polish is re-

lated to the fact that native speakers usually have faster speech rate, which in 

turn can affect the rhythm metric scores, hence the comparison of L2 English 

and L1 Polish might yield inaccurate results (White and Mattys 2007). 

After the first recording session but before the accent training course, all 

participants completed two musical hearing tests designed by Mandell (2009): 

the tone deaf test and the rhythm deaf test. The tone deaf test measures pitch 

perception and melodic memory by playing 36 pairs of synthesised melodies 

and asking the listener to decide whether each pair is the same or different. 

The results are expressed in the percentage of correctly identified tokens and 

use the following scale: below 70% is low, between 70% and 79% is normal, 

between 80% and 90% is above normal, above 90% is exceptional. The rhythm 

deaf test measures rhythm perception and rhythmic memory using 25 pairs of 

synthesised rhythmic patterns and asking the listener to decide whether each 

pair is the same or different. Similarly to the previous study, the results are 

expressed in the percentage of correctly identified tokens and use the same 

scale. Both melodic and rhythmic perception are regarded as good indicators 

of musical aptitude and both tests are similar in their assumptions and proce-

dures to the ones used in previous studies (Wallentin et al. 2010, Roncaglia-

Denissen et al. 2016). Finally, after the musical hearing tests, all participants 
were asked whether they attended music school or had private music lessons, 
could play a musical instrument or sing. The answers to these questions were 
collected via an online survey along with standard demographic data. 

After collecting all the data, the recordings were manually edited (i.e. hes-
itation sounds or repetitions were deleted to avoid their interference in the 
analysis) and then automatically segmented via FAVE-Extract (Rosenfelder et 
al. 2014) and Montreal Forced Aligner (McAuliffe et al. 2017) using the 
DARLA web interface (Reddy and Stanford 2015). Next, all the obtained Text-
Grid files were verified together with their corresponding audio files and, if 
necessary, manually corrected using the speech analysis software Praat (Bo-
ersma and Weenink 2019). Finally, the rhythm metrics were calculated and 
plotted on graphs with Correlatore (Mairano and Romano 2010), a programme 
for rhythmic analysis of annotated Praat TextGrid files. The following rhythm 
metrics were obtained: Vdev, Cdev, VarcoV, VarcoC, nPVI-V, nPVI-C, CCI-V 
and CCI-C. All rhythm metrics were computed globally, i.e. including all the 
values for the consonantal and vocalic intervals in each TextGrid file at once. 
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3. Results 

 

3.1. Rhythm metrics 

 

 
Figure 1. Mean results of participants before and after training with respect to their 
teachers for individual rhythm metrics: deltas (top left, measuring the standard devia-
tion of V and C intervals), Varco (top right, adding normalisation with respect to speech 

rate), nPVI (bottom left, measuring the variability of V and C intervals by also consid-
ering their succession in time) and CCI (bottom right, measuring the amount of seg-
mental compensation realized by speakers for V and C). 

 

The results presented in Figure 1 show that all rhythm metrics noticed a dif-

ference in the participants’ rhythmic patterns before and after training. In all 
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cases, the participants’ rhythm scores became more similar to their teachers’ 

results after training, taking an intermediate place between the scores before 

training and the teachers. In terms of language proficiency, this indicates that 

learners produced more native-like vowel duration contrasts to differentiate 

between short and long vowels (e.g. short KIT in bring and long FLEECE in 

please), as well as produced greater contrasts between stressed and unstressed 

syllables by using weak forms in their speech (e.g. reducing to to /tə/ or from 

to /frəm/). By mastering these characteristic features of English pronunciation, 

learners’ produced more native-like L2 rhythm, since both vowel duration and 

vowel reduction have a direct impact on English rhythmic patterns. 
 

Figure 2. Individual results of participants before (left) and after (right) training with 
respect to their teachers’ mean results for ΔV and ΔC (measuring the standard devia-
tion of V and C intervals). 
 
 

Figure 2 presents the different ΔV and ΔC scores before and after training. On 

average, the participants had higher ΔV scores after training (M = 58.94, SE = 

1.17) than before (M = 54.78, SE = 1.15). Data distribution was normal (before 

training W(50) = 0.97, p = .23, after training W(50) = 0.98, p = .79). A depend-

ent one-tailed t-test was performed to compare the rhythm metric scores before 

and after training. The difference was significant (t(49) = 3.34; p < .01). How-

ever, there was no observable change in the ΔC score before (M = 78.12, SE = 

1.15) and after training (M = 78.02, SE = 1.27). These results suggest that par-

ticipants generally improved in vowel reduction and produced more variable 

vowel duration, while their consonantal variation remained unchanged. 
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Figure 3. Individual results of participants before (left) and after (right) training with 
respect to their teachers’ mean results for VarcoV and VarcoC (measuring the standard 
deviation of V and C intervals while adding normalisation with respect to speech rate). 

 

 

 

Figure 3 presents the different VarcoV and VarcoC scores before and after 

training. Participants scored higher in VarcoV after training (M = 54.34, SE = 

0.91) than before (M = 51.48, SE = 0.70). Data distribution was normal (before 

training W(50) = 0.96, p = .16, after training W(50) = 0.99, p = .95). The dif-

ference between the results was significant (t(49) = 3.38; p < .01). Similarly to 

ΔC, there was no observable difference for VarcoC before (M = 47.83, SE = 

0.59) and after training (M = 46.93, SE = 0.56). Overall, we can observe more 

dispersed results before training than after training, while the results after 

training are closer to the teachers’ results. 

The nPVI results presented in Figure 4 show a similar case to the previous 

rhythm metrics, with more scattered vocalic results before training (M = 56.61, 

SE = 0.76), while the same metrics after training are aligned closer to the teach-

ers’ scores (M = 60.96, SE = 0.77). Data distribution was normal (before train-

ing W(50) = 0.96, p = .11, after training W(50) = 0.98, p = .71). The difference 

between the results was significant (t(49) = 5.21; p < .01). Again, there was no 

observable difference before (M = 56.73, SE = 0.72) and after (M = 56.04, SE 

= 0.59) training for the consonantal nPVI. 
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Figure 4. Individual results of participants before (left) and after (right) training with 
respect to their teachers’ mean results for nPVI-V and nPVI-C (measuring the varia-
bility of V and C intervals by also considering their succession in time). 
 

 
Figure 5. Individual results of participants before (left) and after (right) training with 
respect to their teachers’ mean results for CCI-V and CCI-C (measuring the amount of 
segmental compensation realised by speakers for V and C). 

 

 

Finally, the CCI results in Figure 5 show a similar pattern to the previous 

rhythm metrics, where the vocalic scores after training (M = 65.55, SE = 1.42) 
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are closer to the teachers’ scores than before (M = 59.50, SE = 1.45). Data 

distribution was normal (before training W(50) = 0.96, p = .06, after training 

W(50) = 0.97, p = .39). The difference between the results before and after 

training was significant (t(49) = 4.13; p < .01). Interestingly, we also reported 
a significant difference for the consonantal scores before (M = 39.53, SE = 
1.02) and after (M = 37.41, SE = 0.85) training (t(49) = −2.44; p < .01). Since 
the CCI is designed to measure the amount of compression at a segmental 
level, languages considered as syllable-timed are expected to have comparable 
variability of vocalic and consonantal segments, while traditionally stress-
timed languages have high variability of vocalic segments and low variability 
of consonantal segments. Therefore, the result for CCI-C suggests that the par-
ticipants managed to produce more native-like L2 consonant clusters after 
training with lower consonantal variation, similar to their teachers. This is also 
in line with previous studies incorporating the CCI metric (Mairano and Ro-
mano 2011). 

To summarise, all rhythm metrics allowed us to observe a significant pro-
gress in the vocalic scores after training, suggesting that accent training can 
help students in achieving more native-like vowel duration and vowel reduc-
tion, which has a direct effect on perceived speech rhythm in English. At the 
same time, most rhythm metrics observed no significant change in the conso-
nantal scores after training. This can be related to the fact that the difference 
in the rhythm metric scores for Polish and English consonantal intervals is 
much smaller than for vocalic intervals (Mairano and Romano 2011: 1320-
1321), leading Polish learners of English to focus on acquiring L2 English 
vowel duration contrasts and mastering vowel reduction. In conclusion, the 
results confirm that the above-mentioned rhythm metrics can be successfully 
used to study a change in L2 rhythm production, even in case of upper-inter-
mediate and advanced learners of English after a year of accent training. 

 
 

3.2. Musical hearing tests and survey results 
 
Figure 6 presents the tone deaf and rhythm deaf test results, which express the 
percentage of correctly identified tokens. The mean result for the tone deaf test 
was 68% (min = 44.4%, max = 86.1%, median 69.4%), while the mean result 
for the rhythm deaf test was 71.2% (min = 48%, max = 92%, median 72%). 
Both test results had normal distribution (tone deaf W(50) = 0.96, p = .13, 
rhythm deaf W(50) = 0.95, p = .054). By comparing the results with the pro-
vided scale, we can say that in the tone deaf test 27 participants scored below  
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Figure 6. Tone deaf (left) and rhythm deaf (right) test results. 

 

 

normal (< 70%), 17 normal (70%–79%), and six above normal (80%–90%), 

while in the rhythm deaf test 20 participants scored below normal (< 70%), 17 

normal (70%–79%), 11 above normal (80%–90%), and two exceptional (> 

90%). 

In the survey, four participants claimed to have completed music school, 

12 participants have played a musical instrument, and 12 have sung as soloists, 

band members or in a choir. 

 

 

3.3. Musical aptitude and L2 rhythm production 

 

To verify whether musical aptitude is related to L2 rhythm production, we 

compared the musical hearing test results with the vocalic scores obtained 

from the rhythm metrics after training. Pearson’s Correlation Coefficient re-

ported none of the correlations between the melodic deaf test scores or the 

rhythm deaf test scores and the individual rhythm metric results after training 

as significant. All r and p results are presented in Table 1. 

To see if the musical hearing tests correlate with the closeness to the model 

pronunciation, we also calculated the percentage differences between the par-

ticipants’ rhythm metric scores for vocalic intervals with their teachers’ scores 

and compared them with the participants’ musical hearing scores using Pear-

son’s Correlation Coefficient. We observed a weak positive correlation be- 
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Table 1. Correlation between melodic deaf test (MDT) and rhythm deaf test (RDT) 
scores and rhythm metric scores before (B) and after (A) training. 

 

  ΔV VarcoV nPVI-V CCI-V 

  B A B A B A B A 

MDT 
r −0.08 −0.05 −0.006 0.07 −0.005 0.07 −0.14 −0.10 

p .58 .73 .96 .62 .97 .62 .33 .48 

RDT 
r 0.15 0.21 0.11 -0.02 0.11 -0.13 0.08 0.13 

p .28 .14 .44 .89 .44 .36 .54 .36 

 

 

tween the varcoV scores and the rhythm deaf test results (r = 0.21, df = 49, p 

= .13), as well as between the nPVI-V scores and the rhythm deaf test results 

(r = 0.16, df = 49, p = .26). To investigate further, we divided the participants 

into two groups based on their musical hearing tests (80% being the cut-off 

point between the below-average and above-average) but found no significant 

differences in varcoV scores between groups. We also divided the participants 

into two groups: “musicians”, i.e. participants who confirmed in the survey to 

have completed music school (4) and/or have played a musical instrument (12) 

and/or have sung as soloists/in a band/in a choir (12), and “non-musicians”, 

i.e. participants without any specific musical experience (33). The result was 

insignificant for all rhythmic scores after training. These results suggest that 

musical aptitude or musical experience might not play an important role in the 

acquisition of L2 rhythm during a one-year accent training course in a formal 

academic learning environment. However, it is possible that the influence of 

musical hearing and musical background on the production of L2 rhythm 

might not be visible due to the method used for assessing L2 rhythm, the rela-

tively short duration of the accent training course, or its formal academic con-

text. 

 

 

4. Discussion 

 

The acquisition of L2 speech rhythm is a complex issue that can be difficult to 

measure and is affected by numerous linguistic and extra-linguistic factors. 
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Our findings suggest that rhythm metrics can be successfully used to observe 

improvement in L2 rhythm production in a longitudinal study, particularly in 

regards to increased vocalic variation in L2 English. Interestingly, all rhythm 

metrics yielded similar results, showing the mean progress of our participants 

after training and occupying an intermediate place between their rhythm met-

ric scores before training and the mean rhythm metric scores of their pronun-

ciation teachers. Furthermore, the results show that L2 rhythm is teachable and 

learnable in a formal setting during an accent training course. In this particular 

case, we observed that Polish adult advanced learners of English changed the 

degree of their vocalic variation after one year of training, indicating success-

ful acquisition of variable vowel duration and vowel reduction. Finally, we did 

not find any significant relationship between the musical aptitude results and 

the rhythm metric scores. 

When discussing rhythm metrics, it is vital to remember that these meas-

urements rely on durational properties of speech and do not incorporate other 

phonological, lexical and syntactic factors affecting perceived speech rhythm 

(Dauer 1983; Gut 2012). In this regard, language rhythm presented with the 
use of these metrics is a combination of vocalic and consonantal variation, 
which are phonetic outcomes of various phonological processes. Therefore, 
instead of teaching L2 rhythm in a conscious and formal manner with the use 
of metalanguage, Barry (2007) suggests to concentrate on the underlying pho-
nological processes that affect the perceived speech rhythm in a given lan-
guage. In the case of EFL pronunciation teaching, the primary focus should be 
placed on vowel duration and vowel reduction, which have a major effect on 
English rhythm and are also specifically related to rhythm metric scores. This 
was also the main method of teaching pronunciation in the accent training 
course in this study, as pronunciation teachers focused on segmental and su-
prasegmental phonetics by presenting them in a practical and holistic approach 
in the classroom, while formal context and metalanguage was discussed in the 
supplementary course on English phonetics and phonology. 

The reason why we did not observe any significant relation between mu-
sical hearing tests and L2 rhythm production can be twofold. First, the appar-
ent progress made by our participants might be primarily caused by the accent 
training course alone, suggesting that all participants can equally benefit from 
formal instruction when acquiring L2 pronunciation, regardless of their musi-
cal aptitude or musical experience. An important factor that should also be 
addressed is motivation, which can be a valid predictor in successful acquisi-
tion of L2 pronunciation among advanced adult learners of English (Smit 
2002). Although we tried to control for participants’ general proficiency, as 
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well as their performance in and outside the classroom, it is possible that some 

learners spent more private time on practicing pronunciation. As this was a 

longitudinal study comparing results before and after one year of studies, in-

dividual motivation of our participants could affect the amount of effort they 

put in during the accent training course, thus, participants with higher motiva-

tion could compensate for their lower musical hearing test scores. To verify 

this in future longitudinal studies, it is crucial to take into account participants’ 

motivation and control for their work outside the classroom. Finally, it is pos-

sible that musical hearing can be related to aspects of language rhythm not 

measured by rhythm metrics, such as f0 or intensity, which also affect per-

ceived speech rhythm (Cumming 2011). Although there is a reported differ-

ence between the processing of pitch in language and music (Zatorre and 

Baum 2012), studies suggest that musical training can improve pitch pro-

cessing (related to F0) in both domains (Schön et al. 2004). Therefore, it is 
possible that musical hearing will not directly correlate with rhythm metrics 
scores, but can still have an effect on successful L2 rhythm acquisition. 

The following study has two limitations that should be taken into consid-
eration in future research. First, while the use of rhythm metrics to observe 
progress across advanced EFL learners proved to be successful, it is crucial to 
remember that these metrics focus only on the segmental distribution and du-
rational contrasts, omitting other features that can influence language rhythm, 
such as pitch (Pickering and Wiltshire 2000), sonority (Galves et al. 2002), and 
loudness (Fuchs 2014). Therefore, it would be valuable to consider adding 
these features in future studies. Alternatively, it would be beneficial to imple-
ment phonological models of rhythm (e.g. Hayes 1995) focusing on promi-
nence patterns and shift towards a more psychological understanding of lan-
guage rhythm (Arvaniti 2009). Second, while the use of musical hearing tests 
by Mandell (2009) was a novel approach, it would be also valuable to include 
tests evaluating music production (Wallentin et al. 2010), as the assessment of 
actual musical performance (i.e. singing or playing a musical instrument) 
could provide more authoritative results than participants’ self-reported years 
of musical training. Furthermore, it would be also advantageous to implement 
tests specifically designed to evaluate participants’ rhythmic skills (Bella et al. 
2017) and correlate these results with their potential progress in L2 rhythm 
production. All in all, incorporating these extensions should provide a more 
complete picture of language rhythm and its potential relation to musical apti-
tude. 

To conclude, this study confirmed the usefulness of rhythm metrics in re-
porting progress in the acquisition of L2 rhythm in Polish advanced learners 
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of English, complementing earlier studies in this field (e.g. Gralińska-Brawata 

2014). At the same time, we did not find any relationship between L2 rhythm 

metric scores and musical hearing or musical experience. Possibly, musical 

skills and music education could be related to other factors that constitute 

speech rhythm and are not expressed by rhythm metrics. Therefore, it is vital 

to include other factors that constitute L2 speech rhythm, find new ways to 

quantify language rhythm, as well as include other forms to assess participants’ 

musical hearing and their musical background. We hope that this research will 

direct future quantitative and longitudinal studies in the field of L2 rhythm 

production and the role of musical hearing in L2 pronunciation. 
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