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Abstract

Speech Rhythm plays a crucia role in language pronunciation, contributing to more
natural prosody and fluency. However, it remains an underexplored areain second
language (L 2) learning and is often overlooked by both educators and researchers. This
gap is particularly problematic when learners’ first language (L 1) has rhythmic patterns
that contrast sharply with their target L2, as few structured pedagogical approaches are
available to address such differences. This study investigated the effectiveness of an
original short-term rhythmic training on L2 English (a stress-timed language) speech
rhythm in L1 Mandarin (a syllable-timed language) speakers and examined the influence
of individual differences and text type on learning outcomes. Groups of Mandarin-
speaking English learners (n = 38) were randomly assigned to either an experiment group
(n=19), which received rhythmic training, or a control group (n = 19) without
intervention. All participants completed pre- and post-tests with conversational texts, and
an additional rhythmic text test was administered after the post-test. Speech rhythm was
measured using two acoustics metrics, standard deviation and Normalized Pairwise
variability Index of vocalic intervals (AV and nPV1-V), and data were analysed using
linear mixed-effects regression models. Results showed that rhythmic training
significantly improved L2 stress-timed rhythmic patterns, with greater rhythmic
perception skills predicting better learning outcomes. The text type also influenced their
speech production, with rhythmic texts facilitating more stress-timed patterns than
conversational texts. These findings provide empirical support for incorporating short-
term rhythmic training and rhythm-rich materials into L2 pronunciation teaching.
Additionally, this study also highlights the need for future longitudinal and replicable

studies concerning rhythmic training evaluation.

Keywords: speech rhythm, rhythmic training, second language learning, stress-timed
speech patterns, rhythmic perception, text type
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1. Introduction

In second language (L 2) learning, mastering speech rhythm often poses a persistent
challenge, especially when L2 learnersintend to achieve a native-like level (Gilbert,
2008). However, in L2 pronunciation teaching, rhythm has typically received less
emphasis than segmental accuracy, such as the articulation of specific vowels and
consonants. Thisis particularly relevant for Mandarin-speaking learners of English, as
their first language (L 1) and target language (L 2) differ substantially in rhythmic patterns.
Englishis generally considered as a stress-timed language, characterized by alternating
strong—weak patterns of stressed and unstressed syllables. In contrast, languages such as
Mandarin Chinese are often described as more syllable-timed, with syllables occurring at
more regular time intervals. Such rhythmic differences present a great challengein L1-L2
transfer, resulting in less target-like rhythmic patternsin L2 production.

Drawing on the established link between rhythm in both music and language, prior
research has explored the relationship between musical aptitude and L2 performance
(Milovanov et a., 2010; Picciotti et al., 2018). Some studies have incorporated musical
elements such as melody and rhythm into language teaching, showing that music-based
tasks can enhance L2 pronunciation (Wang et a., 2010.; Wiener & Bradley, 2020).
However, empirical studies specifically examining rhythmic training interventions remain
limited, especialy those using structured rhythm-based materials and evaluating
outcomes through measurabl e acoustic changes.

The present study aimed to address this gap by designing and implementing a short-term
rhythmic training for Mandarin-speaking learners of English. Two acoustic metrics were
used to quantify rhythmic patterns: the standard deviation of vocalic intervals (AV) and
the normalized Pairwise Variability Index of vocalic intervals (nPVI-V). This study
investigated whether rhythmic training improves learners’ production of L2 stress-timed
rhythmic patterns. In addition, it explored how individual differencesin rhythmic
perception, working memory, and English proficiency level influence training outcomes,
and examined whether types of text affect rhythmic production. Overall, the findings of
this study aim to provide empirical evidence on the effectiveness of rhythm-based
training for L2 pronunciation and offer pedagogical implications for integrating rhythm-
focused strategies into L2 language teaching.



2. Literature Review

This experimental study aimed to explore whether short-term rhythmic training is
effective in enhancing L2 English learners pronunciation, as well as how other factors,
such as linguistic and cognitive abilities and the textual environment, influence this
immediate uptake. While the intervention was short-term and the observed improvements
were more appropriately described as* learning” or “ uptake” rather than long-term
“acquisition”, the study drew on literature framed within the acquisition paradigm to
situate its findings within the broader research context. This chapter begins with a general
introduction to speech rhythm and its classifications. Then, the acoustic features of
different types of speech rhythm will be discussed, drawing on previous empirical studies
that examine the validity of various metrics for quantifying rhythmic patterns. The two
main metrics employed in this study, standard deviation of the vocalic intervals (AV) and
the normalized Pairwise Variability Index of the vocalic intervals (nPVI1-V), will be
explained in detail. The latter half of this chapter provides a more focused overview of
research on the acquisition of speech rhythm in both L1 and L2. Thisisfollowed by a
pedagogical discussion on the teaching and learning of rhythm, based on the limited
number of existing studies. The final section identifies the research gapsin thefield of L2
rhythm acquisition and presents the motivation and aims of the current experimental
study.

2.1. Speech Rhythm

Rhythm refers to the senses relating to aregular, repeated pattern of sound or movement,
such as stress and beat in music (Oxford University Press, 2024). More specificaly,
rhythm in speech functions as an organizational tool, structuring the flow of language into
predictable units such as syllables, words, and phrases (Allen & Hawkins, 1980). Studies
exploring rhythm (e.g., Allen & Hawkins, 1980; Lehiste, 1977) mentioned that this
organizing function of rhythm helps structure temporal sequences of speech and increase
utterances predictability and intelligibility. For example, Allen & Hawkins (1980)
argued that this rhythm-generated structure “produces useful perceptual redundancy in
speech by constraining the time when (important) articulatory events may occur” (p.
229). Similarly, Lehiste (1977) suggested that rhythm creates expectations for upcoming
stress patterns, allowing listeners to pay attention and reduce their cognitive load when

processing perceptual information.



In the last century, a classification of speech rhythm was proposed by Pike (1946) and
refined by Abercrombie (1965). Pike (1946) defined rhythm as the isochronous
(approximately equal temporal) recurrence of different types of speech units. The term
“isochrony” in speech refers to the tendency for certain elements of speech (such as
syllables or stresses) to occur at regular time intervals, creating some perceived rhythmic
patterns. Based on the idea of speech isochrony, all spoken languages can be broadly
categorized into two rhythmic types: stress-timed (e.g., English, Russian, Arabic) and
syllable-timed (e.g., Mandarin, French, Spanish). For a detailed summary of
representative languages and classification sources, see Dauer (1983). Pike (1946)
argued that, in syllable-timed languages, each syllable tends to take up roughly the same
amount of time. The rhythm is based on the regular recurrence of syllables, making
speech sound steadier—Iike a metronome. For example, in Mandarin, a sentence such as
“ " (Qiao ke li hén hao chi, "Chocolate is delicious”) consists of six
syllables, each produced with relatively equal duration, regardless of stress or
grammatical role. In contrast, for stress-timed languages, it is the intervals between one
stressed syllable and the next, rather than every syllable, that are approximately equal.
The stress-timed pattern is structured around stressed syllables, with unstressed sounds
compressed or stretched to maintain the regular stressintervals. In English, for instance,
the sentence “ Chocolate is delicious’ also has six syllables (CHO-co-late DE-li-cious),
but the stress falls primarily on “CHQO” and “DE”. The intervening syllables (thosein
lower case) are reduced in duration to preserve the timing between stressed beats.
Abercrombie (1965) further explained the mechanism behind these two language patterns
using physiological principles. He argued that speech is driven by a pulmonic air-stream
mechanism, where the respiratory muscles produce regular chest-pulses corresponding to
syllablesin syllable-timed languages. But in stress-timed languages, some chest-pulses
are reinforced as stress-pul ses, making stressed syllables.

However, the existence of isochrony in speech, together with this dichotomy of rhythmic
types, has been challenged by a series of studies (Allen & Hawkins, 1980; Dauer, 1983,
1987; Lehiste, 1977). Lehiste (1977) reviewed several instrumental studies on rhythmic
patterns and concluded that perfect physical isochrony (i.e., strict, equal time intervals
between speech elements) does not occur in natural speech production. Nonethel ess,
rhythmic regularity can still be perceived by listeners, largely due to cognitive processes

such as normalization and rhythmic expectancy. According to Lehiste (1977),



normalization refers to the perceptual tendency to adjust for durational variation by
averaging interval lengths (i.e., overestimating short intervals and underestimating long
ones), making irregular timing perceptually regular. Similarly, rhythmic expectancy
allows listeners to anticipate the timing of upcoming eventsin speech based on prior
rhythmic patterns. Supporting this perspective, Allen and Hawkins (1980) argued that
listeners exhibit a perceptual bias such that they hear syllables aslasting the same amount
of time even if the actual temporal intervals between them are irregular. Under thislight,
isochrony exists more as a perceptual and structural tendency, rather than as a strict
physical constraint. Consequently, the strict dichotomy between stress-timed and
syllable-timed languages has also been called into question.

Building on this debate on strict dichotomy, several contrastive studies have investigated
rhythmic patterns across different language types (e.g., Roach, 1982; Dauer, 1983).
Roach (1982) designed a carefully controlled instrumental study to determine whether
languages could be objectively classified as stress-timed or syllable-timed based on
measurable timing patterns in speech. Hisresult did not show consistent patterns for both
types, providing little support for a strict binary classification of speech rhythm.
Similarly, Dauer (1983) examined among several languages such as English, Thai,
Spanish and Greek, reaching the same conclusion as Roach (1982): there were no
significant differences in the isochrony of inter-stress intervals across languages
traditionally classified into these two rhythmic types.

Instead, Dauer (1983) proposed that speech rhythm should be viewed as a continuum,
with languages differing in the degree to which they exhibit stress-based rhythm. These
differences emerge from specific phonological and phonetic properties of languages.
Based on cross-linguistic analysis, Dauer (1983) proposed three key features that
distinguish more stress-timed from more syllable-timed languages: (1) syllable structure,
(2) stress pattern, and (3) the presence or absence of vowel reduction.

These features are again evident in the comparison between the English sentence
“Chocolateisdelicious’ (/'tfok.lst 1z di'l1f.a8/) and its Mandarin equivalent

“ " (Qido ke li hén hio chi). For the first syllable-related feature, English
permits complex syllable structures, as seen in “chocolate” /'tfoklot/, where the first
syllable contains both a consonant cluster onset /tf/ and a coda /k/, and the second syllable
includes areduced vowel /o/ (schwa). Regarding the second stress-related feature,
English aso exhibits strong stress contrast, with primary stress falling on the first syllable



of “chocolate” (/'tfoklat/) and the second syllable of “delicious’ (/di'lifas), while
function wordslike “is” are typically unstressed and phonetically reduced. As aresult, the
third feature—vowel reduction is common in those unstressed syllables, asthosein -late
and -cious reduced to schwa/a/. In contrast, Mandarin, a more syllable-timed language,
follows asimple (C)V(N)* structure, lacks strong stress contrast, and maintains full vowel
articulation in most cases. These differences contribute to the perception of more regular
and syllable-based timing in Mandarin, as opposed to the stress-based rhythmic patterns
observed in English.

Following her examinations across different languages, Dauer (1987) further illustrated
the existence of mixed-rhythmic languages, which incorporate both stress-timing and
syllable-timing features. One such example is Polish, which occupies an intermediate
position on the rhythmic continuum. Polish permits complex syllable structures,
including clustersin both onset and coda positions (e.g., in the word wstrzas /fstsos/
“shock™), afeature typical of stress-timed languages. It also exhibits aternating rhythmic
stress, with a strong tendency for penultimate stress across words. However, unlike
prototypical stress-timed languages such as English, Polish does not display systematic
vowel reduction at a normal speech rate. This case highlights the limitations of a binary

rhythm typology and supports a more gradient view of rhythmic classification.

2.2. Acoustic Features of Speech Rhythm

Dauer's (1983) conclusion that rhythmic characteristics can be inferred from three main
phonological indices (syllable, stress and vowel) prompted interest in different language
rhythmic patterns. Many studies have since sought to explore the acoustic correlates of
different rhythm categories, such as syllable-timed and stress-timed languages (Grabe &
Low, 2008; Ling et al., 2000; Nolan & Asu, 2009; Ramus et al., 1999).

In English, vowel-related features have received the most attention in rhythm studies.
According to Ling et a. (2000), thisfocusis largely due to the difficulty in determining
syllable and stress boundaries in English, which often leads to a high degree of
subjectivity and inconsistency across researchers. For example, the pronunciation and the
syllabification of the word *fire’" are different across dialectal areas and speaker
variations. Some say /far.or/ (two syllables) while others say /fair/ (one syllable). In this
case, it is hard to determine a standard criterion for phonetic segmentation.

L (C)V(N) indicates a syllable structure consisting of an optional consonant onset (C), a vowel nucleus (V),
and an optional nasal coda (N), which istypical of many Mandarin syllables.



This ambiguity is also further supported by Ramus et al. (1999), who highlighted the
challenges of using abstract categories like syllables and metrical feet when doing rhythm
analysis. To address these challenges, they proposed using more surface-accessible and
guantifiable features, like vocalic and consonantal intervals. The key metricsin their
measurement include %V (the percentage of utterance duration occupied by vocalic
intervals), AC (the standard deviation of consonantal interval durations), and AV (the
standard deviation of vocalic interval durations). These metrics are based on segmental
durations and enable a more gradient comparison between language rhythmic types.

For instance, %V, which represents the proportion of vocalic intervalsin an utterance, is
typically higher in syllable-timed languages such as Mandarin, where each syllableis
realized with afull, unreduced vowel. In contrast, stress-timed languages, such as
English, exhibit vowel reduction in unstressed syllables, resulting in alower overall
proportion of vowels. The “chocolate” example? illustrates this contrast (see Table 1): in
English, vowel reduction (e.g., the schwain “chocolate’ and “delicious’) leadsto a
lower %V (30%). In Mandarin’s equivalent phrase (Qiao ké Ii hén hio chi), vowels are
fully articulated in each syllable, producing a higher %V of around 60%.

Language Utterance Total Duration Vowel Duration %V
(ms?) (ms)
English “Chocolate is delicious’ 1200 360 30%
(stress-timed) ['tfok.lat 1z di'lif.08/
Mandarin “ ” 1200 720 60%
(syllable-timed) (Qizo ke i hén hio chi)

Table 1 Illustration of %V

The second metric, AC represents the standard deviation of consonantal interval
durations, reflecting the extent of temporal variability anong consonant segments. Stress-
timed languages, such as English, which often have complex syllable structures and
consonant clusters, tend to show higher AC values due to greater variation in consonant
durations. But for syllable-timed languages like Mandarin, they feature simpler syllable
structures and exhibit more consistent consonant timing. This distinction isillustrated in

Table 2 using the same “ chocolate” example.

2 All figuresin the “chocolate” example (Tables 1-3) are adapted from Crystal and House (1988) on English
vowel length and Aoyama and Reid (2006) study on English consonant length.
3 All acoustic durationsin this study are measured in milliseconds (ms).



Language Consonant Durations (ms) AC
English (stress-timed) 100 (1), 40 (k), 20 (1), 60 (d), 90 () High (~32 ms)
Mandarin (syllable-timed) 50 (q), 60 (k), 50 (1), 60 (h), 55 (ch) Low (~4.5 ms)
Table 2 lllustration of AC

Finaly, AV, the standard deviation of vocalic interval durations, captures how much
vowel lengths fluctuate within an utterance. Stress-timed languages like English exhibit
greater AV values due to alternating stress patterns and vowel reduction. In contrast,
Mandarin maintains relatively even vowel durations across syllables, contributing to a
lower AV. Asshown in Table 3, English vowel durations fluctuate, while Mandarin

maintains a more syllable-timed pattern with more even and stable vowel durations.

Language Vowel Durations (ms) AV
English (stress-timed) [180 (p), 60 (), 120 (1), 90 (3)] High (~32 ms)
Mandarin (syllable-timed) [120 (ido), 110 (&), 115 (i), 120 (1)] Low (~4.5 ms)

Table 3 lllustration of AV

Asshownin Table 3, AV captures differences in vowel duration variability across
languages. This metric is particularly relevant because vowel reduction—a defining
feature of stress-timed languages—results in uneven vowel lengths, with unstressed
vowels often shortened or centralized (Dauer, 1983). In contrast, syllable-timed
languages tend to maintain more uniform vowel durations. Since this durational
variability stems directly from the presence or absence of vowel reduction (one of the
features to distinguish between language stress patterns), AV offers a quantitative means
of indexing rhythmic type. As Grabe and Low (2008) observed, “so-called stress- and
syllable-timed languages differ in the durational variability encountered in vowels’ (p.3).
Conseguently, many studies (e.g., Grabe & Low, 2008; Ling et al., 2000; Low, 1998;
Ramus et a., 1999) have employed AV to compare rhythmic patterns, particularly
between syllable-timed and stress-timed patterns.

However, relying solely on standard deviation to represent the variability of vowel
duration is inadequate for capturing the full complexity of speech rhythm. Standard
deviation measures the overal dispersion of vowel durations from the mean, but it fails to
account for the temporal patterning of those durations. This limitation introduces two key



problems. First, standard deviation is not sensitive to the temporal ordering in speech. For
instance, imagine two hypothetical languages: one in which three long vowels are
followed by three short vowels, and another in which long and short vowels alternate
regularly. Although the rhythmic patterns of these two languages are distinct, their
standard deviation values may be similar. Thisis because the metric does not reflect how
vowel durations are sequenced. Second, the standard deviation is highly susceptible to
variations in speaking rate, both across utterances and between speakers. In natural
speech, fluctuations in tempo might inflate or reduce the standard deviation values,
thereby obscuring the actual rhythm characteristics of alanguage.

To address the limitations of standard deviation, researchers suggested a pairwise
measurement for vocalic intervals. the Pairwise Variability Index (PV1). This
measurement was initially proposed by Low (1994; 1998) and has been widely adopted in
rhythm research (e.g., Grabe & Low, 2008; Ling et a., 2000; Nolan & Asu, 2009).
Unlike standard deviation, which provides a general measure of dispersion, the PV
captures the degree of variability between successive vowel durations. This makes it
particularly well-suited for capturing the temporal alternation patterns that distinguish
rhythmic types. For example, stress-timed languages often show alternation between
longer and shorter vowels, whereas syllable-timed languages typically exhibit more
uniform vowel durations. Two main versions of PV1 have been proposed: raw PVI (rPVI)
and normalized PVI (nPVI). The rPVI measures absolute durational differences between
successive intervals, while the nPVI adjusts for speech rate by expressing these
differences relative to the mean duration of each pair.

TherPVI is calculated using the following formula (dk = duration of the ki vocalic

intervals; m = the total number of intervals):

m—1

1

This formula computes the average absolute difference in duration between each pair of
adjacent segments (e.g., vocalic intervals). Higher values indicate greater durational
variability of vowels, which aligns with stress-timed rhythmic patterns.

However, this formula does not account for speaking rate. When speech accel erates or
slows down, the rPVI may be distorted by these tempo fluctuations. To resolve this issue,

Deterding (1994) introduced a normalization procedure of PVI. The procedure involves



calculating the mean duration of all intervalsin an utterance, and dividing each individual
duration by this mean, creating a normalized value for subsequent analysis. Building on
thisidea, Low (2002) suggested an improved metric in her doctoral thesis: the
Normalised Pairwise Variability Index (nPV1). This updated version reflects not only
alternations of long and short vowels but also is independent of different speech rates.

The formulais expressed as:

m—1

PVI =100
N « L 12

di, — dii1 ‘
(dr + di+1)/2

Each pairwise difference is represented as a proportion of the mean of the two intervals
being compared. The result is then scaled by 100 for readability. But it should be noted
that this calculation is not suitable for all speech segment types. According to Gay (2009),
it is obvious that the segmental duration will be compressed in faster speech and
lengthened in slower speech. Thisisimportant in the study of vowels, since speech rate
affects vowel durations more significantly than consonant durations. Asaresult, nPV1 is
particularly appropriate for analyzing vowels, which exhibit more variation in duration
and play acritical role in rhythmic distinctions.

In this study, both the AV and the nPVI of vocalic intervals (nPVI-V) are used to quantify
speech rhythm. While AV captures overall dispersion in vowel duration, nPV1-V reflects
local variability between adjacent vowels and controls for speech rate. Because each
metric highlights a different aspect of vowel duration variability, using both allows for
cross-validation and a more robust assessment of rhythmic patterns. Higher values on
both metrics, especialy the nPVI-V, are typically associated with stress-timed patterns,

while lower values correspond to syllable-timed ones.

2.3. Acquisition of RhythminLland L2

According to the semina work by Abercrombie (1967) on speech rhythm, the rhythmic
structure of alanguage plays a foundational role in language acquisition. Rhythm is
considered one of the earliest prosodic features acquired in infancy, forming a scaffolding
for children’ s language processing (Ramus et a., 1999; White & Mattys, 2007,
Whitworth, 2002). According to Aoyama and Guion (2007), by the age of one, the L1
rhythm has been deeply possessed by infants and will be unconsciously applied to any L2
they learn. In other words, once acquired, rhythmic patterns become deeply ingrained and
are particularly resistant to change. This makes rhythm one of the most persistent



challenges for adult learners when acquiring a second language (e.g., Adams, 1979; Gut,
2003; Low et al., 2000; Ling & Wang, 2005).

Adams (1979) provided one of the earliest and relatively comprehensive studies into this
issue, highlighting the difficulties L2 learners face because of the influence of their L1.
Her study involved 30 non-native graduate teachers of English from Asian, Southeast
Asia, and the Pacific | slands, whose native languages were predominantly syllable-timed
or mora-timed (e.g., Malay, Thai, Japanese). Drawing on typological descriptions of
different rhythmic types, Adams anticipated that the participants L1 backgrounds
(especidly syllable- or mora-timed) would transfer into their L2 English. This prediction
was confirmed by participants’ pre-test reading results, which revealed even timed
gyllables, minimal vowel reduction, and an absence of the strong—weak alternation
characteristic of English stress-timed rhythm. She then randomly allocated these
participants into an experimental group (n = 15) receiving a 20-hour rhythm-focused
training programme, or a control group (n= 15) receiving no specific rhythm instruction.
Both groups improved, but the experimental group’ s gain was twice that of the control
group. These results underline that, regarding the rhythm acquisition, natural exposure
aloneisinsufficient for even experienced L2 learners from different L1 rhythmic
backgrounds. Based on the instruction content, Adam also highlighted the importance of
explicit instruction in speech rhythm patterns—particularly stress placement, vowel
reduction, and timing—for overcoming ingrained L1 influences. However, a key
limitation of Adam’s study is that speech rhythm (i.e., rhythmic naturalness) was assessed
solely through perceptual judgments by native speakers. Although the raters were blind to
group membership and testing stage, this method is inherently subjective and susceptible
to individual differencesin judgment. Furthermore, because such assessments depend on
the specific ratersinvolved, they lack the replicability and precision compared to
instrumental acoustic analysis.

Recognizing this limitation, subsequent studies moved toward more quantitative and
replicable approaches, employing objective metrics such as the nPV1, consonantal
interval variability (AC), and the proportion of vocalic intervals (%V) to examine
rhythmic timing (Gut, 2003; Low et al., 2000; Ling & Wang, 2005). These metrics
provided empirical insight into how L1 and L2 speech differed.

For instance, Low et al. (2000) applied such quantitative methods in a comparative study
of Singapore English (SE) and British English (BE), using the normalized Pairwise
Variability Index (nPV1) and vowel formant analysisto capture rhythmic timing
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differences. Participantsin the SE group were 10 ethnically Chinese undergraduates aged
20-22. All of them were bilingual in English and Mandarin Chinese, with Mandarin as
their L1 and English acquired as their L2 through schooling. The BE group also consisted
of 10 undergraduates from the same age group, all monolingual native English (L1)
speakers raised and educated in southern England. As Mandarin is generally classified as
asyllable-timed language, SE speakers were expected to show more regular timing and
weaker vowel reduction than the BE group. To test this, Low et al. (2000) employed two
reading materials: aFull Vowel Set, containing only full vowels, and a Reduced Vowel
Set, containing a mixture of full and potentially reduced vowels. Results showed that BE
speakers had higher nPV1 values in the Reduced Vowel Set than in the Full Vowel Set,
reflecting greater durational variability when reduced vowels were present. In contrast,
SE speakers showed little difference in nPVI values between the two sets, indicating
minimal durational vowel reduction in SE speech. Furthermore, the authors analyzed the
vowel formants using spectrawithin both SE and BE speakers speech. They found that
BE reduced vowels were centralized toward the schwa region, whereas SE reduced
vowels remained relatively peripheral, indicating weaker spectral reduction. Together, all
findings provide strong acoustic evidence that objective metrics such as nPVI and vowel
formant analysis can effectively distinguish stress-timed from syllable-timed patterns.
Another important study by Lin and Wang (2005) provides a more targeted investigation
into the rhythmic characteristics of Mandarin Chinese and their influence on L2 English
production. Participants were adults (n = 12): six native Canadian English speakers and
six native Mandarin speakers who had been learning English as their L2. The authors
anayzed their speech using two key rhythm metrics. %V and AC. They compared two
pairs of speech produced from these participants: (1) L1 Mandarin vs. L1 English, and (2)
Mandarin speakers’ L2 English vs. native English. Their findings confirmed the
traditional auditory classification of Mandarin Chinese as a more syllable-timed
language, showing significantly different rhythmic characteristics from the stress-timed
pattern of English. Furthermore, the authors reported that, in L2 production, learners
exhibited intermediate rhythmic properties, positioning between those of the L1 and the
L2. Aslearners progressed to a more advanced proficiency level, their rhythmic patterns
in English increasingly resembled those of native speakers, but never became fully
identical. This progression indicates that while L1 influence is strong, it may gradually
diminish with increased exposure and practice, but rarely disappears entirely. In other
words, L2 experiences and proficiency level would influence the L2 pronunciation
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learning process. Moreover, Lin and Wang found that %V, which focuses on vowel
segments, was a more robust and reliable acoustic metric than AC, particularly when
speech rate varied.

While Lin and Wang's (2005) study found that L2 proficiency level affects L2
pronunciation learning outcomes, later research has highlighted the role of additional
individual difference factorsin this language learning process, such as working memory
and music aptitude (e.g., Darcy et al., 2015; Mattys & Baddeley, 2019; Sun et al., 2024;
Suzukida, 2021; Yalcin et al., 2016). Higher working memory capacity, especially
complex span capacity (e.g., L2 sentence recall tasks) and storage capacity (e.g., digit
span task), has been shown to support more native-like phonological processing and
reduce L1 interference (Darcy et al., 2015; Mattys & Baddeley, 2019). Likewise, musical
aptitude, especially the sensitivity to pitch, tone and rhythm, was found to significantly
enhance learners abilitiesin perceiving and learning accurate L2 sounds (Sun et al.,
2024; Suzukida, 2021). However, although these studies have established correlations
between individual differences and overall L2 pronunciation performance, most adopt a
broad focus on pronunciation and do not directly address how those factors influence the
learning of L2 speech rhythm. Thus, this gap highlights the need for the current study,
which aims to measure how English proficiency level, working memory and musical
aptitude (rhythmic perception) contribute to L2 speech rhythm learning.

Taken together, all studies mentioned in this section reveal the complex interplay in L2
rhythm learning process: rhythm is both resistant and modifiable. On the one hand, L1
rhythmic structures are deeply embedded and persist into L2 use; on the other hand,
individual different factors (such as better L2 proficiency level, stronger working memory
capacity and better rhythmic perception ability) can facilitate a more native-live speech
production. This dual nature of persistence and plasticity forms the theoretical basis for
the present study. Specifically, this thesis explores whether rhythmic training can
accelerate the development of English stress-timed patterns for Mandarin-speaking
learners. Given the rhythmic divergence between Mandarin and English (syllable-timed
vs. stress-timed), this pairing offers a compelling context to explore the effectiveness of
rhythm-based pedagogical interventions.

2.4. Teaching English Rhythm

While research has reviewed the theoretical foundations of speech rhythm, the acoustic

features of rhythmic patterns, and the acquisition of rhythm, comparatively little attention
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has been given to how rhythm can be effectively learned and taught in L2 contexts. This
section begins by discussing the role of English rhythm in communication, then outlines a
range of instructional approaches used in L2 pedagogy and finally explores the challenges

and emerging methods in rhythm instruction.

2.4.1. Role of English Rhythm in Communication

Rhythm iswidely recognized as a key component of English pronunciation, playing a
crucia rolein both speech production and perception (Avery, 1992; Brown, 2017; Wong,
1987). In other words, rhythm not only structures the delivery of information but also
facilitates listeners' comprehension during communication. Gilbert (2008) metaphorically
described rhythmic signals as “road signs’ that guide listeners through spoken discourse
(p. 2).

For humans, it isimpossible to speak without rhythm, intonation and tone. For example,
Wong (1987) mentioned that if a non-native speaker lacks knowledge of English
rhythmic patterns, they may struggle to be understood or risk being misinterpreted. This
is particularly true for speakers whose L1 is syllable-timed. O’ Connor (1980) observed
that these speakers may produce English with a mechanical rhythm by assigning equal
duration to every syllable. Thistiming pattern disrupts the stress-timed rhythm of English
and makes an utterance difficult to understand. Celce-Murciaet al. (1996) further
supported this view, noting that incorrect rhythm can lead not only to humorous errors
but also to serious communication breakdowns. From the listener’ s perspective,
understanding English rhythm goes beyond simply counting syllables and requires
sensitivity to the English stress-timed pattern (i.e., the alternation of strong and weak
gyllables). In this sense, L2 English learners need to at |east possess an awareness of the
rhythmic structure to achieve comprehensive and effective spoken English (Gilbert,
2008).

2.4.2. Ways to Teaching and Learning English Rhythm

As Avery (1992) suggested, the primary goal of spoken language training isto help ESL
(English as a Second Language) learners devel op fluent and comprehensive speech. In
this regard, mastering rhythmic patterns would significantly enhance learners’ fluency
and intelligibility.

Tuan and An (2010) outlined several pedagogical approaches for introducing English
rhythm in language teaching contexts. One widely recommended approach is the use of
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physical gestures to embody rhythm. Supported and explored by numbers of research
(Avery, 1992; Gower, 1983; Llanes-Corominaet al., 2018; O’ Connor, 1980; Wong,
1987), this method encourages learners to use body movement such as clapping, tapping,
or nodding to feel and express rhythmic timing. Llanes-Coromina et al. (2018) further
confirmed that brief training with rhythmic beat gestures could enhance L2
pronunciation. These physical gestures offer a multisensory learning experience, making
abstract rhythmic patterns more accessible and memorable.

Another method involves the use of visual representations of rhythm, referred to as
‘notion’ by Tuan and An (2010). Teachers can use visual cues such as capital letters,
underlining, or symbolic markings to highlight stress in sentences (Gower, 1983;
Kenworthy, 1987; Ur, 1996). For example, Cuisenaire rods are used to represent stressed
and unstressed segments with taller and shorter rods respectively (Gower, 1983). Such
visualization helps learners map auditory features onto visual forms, facilitating a clearer
understanding of rhythm.

A third method involves the use of metrical materials, such as chants, songs and nursery
rhymes. These forms are inherently stress-timed and align well with the rhythmic
structure of English (Celce-Murciaet a., 1996; Fischler, 2005; Graham, 1993). Musica
genres such as jazz (Graham, 1993) and rap (Fischler, 2005) have also been explored for
their potential to support rhythmic training in L2 learning. Both Graham'’s (1993) and
Fischler’'s (2005) studies showed that learners benefit from music-based training,
particularly in developing more natural stress and intonation patterns. Additionally,
inspired by musical form, rhythm can also be taught using ‘ nonsense syllables (e.g., da)
to represent segments within words or sentences (Avery, 1992). For example, the word
‘pepperoni’ can be rhythmically represented as ‘dada DA da’, highlighting the primary
stress on the third syllable. Similarly, the sentence ‘to the bus station from here...” can be
practiced using rhythmic syllables as ‘dada DA dadadada...’, emphasizing the natural
stress patterns of English.

In addition to metrical inputs, non-metrical materials, such as recordings of natural
conversations, can also be valuable. Though this method is more implicit and less
structured, it exposes learners to a more authentic speech style. Through strategies such
as shadowing, repetition and rhythmic reading of real-life discourse, learners can
gradually develop an intuitive sense of timing that extends beyond isolated words or
syllables (Kenworthy, 1987; Wong, 1987).
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2.4.3. Challenges and New Approaches to Teaching English Rhythm

Teaching English pronunciation, especially rhythm, includes a variety of challenges from
both learners’ and teachers' perspectives (Gilbert, 2008; Tuan & An, 2010). For learners,
acquiring rhythm in a second language is inherently difficult due to its dual nature of
persistence and plasticity, as discussed in Section 2.3. Once acquired in early L1
development, rhythmic patterns tend to be deeply ingrained and resistant to change,
making them one of the most persistent features to transfer into L2 speech.

From the teacher’ s perspective, two main obstacles often arise. First, thereis alack of
systematic, accessible materials and techniques specifically designed for rhythm
instruction in classroom contexts (Wei, 2006). Second, non-native English teachers may
lack confidencein their linguistic identity and ability to model English rhythm accurately
(Gilbert, 2008). One way to address both challengesis to develop structured, evidence-
based instructional models that teachers can adopt with clear guidance.

Zhang and Y uan (2020) took a step in this direction by comparing two explicit
pronunciation teaching approaches. segmental-based instruction, which focuses on the
accurate production of individual consonants and vowels; and suprasegmental -based
instruction, which targets broader prosodic features such as rhythm, stress, and
intonation. In their study, 90 Chinese university students were divided into three groups:
a segmental-based instruction group (n = 30), a suprasegmental-based instruction group
(n=31), and a control group (n=29). Over 18 weeks, the two experimental groups
received targeted lessons, while the control group followed the regular curriculum.
Participants speech was recorded at pre-, post-, and delayed post-test stages from both
controlled reading tasks (reading aloud pre-sel ected sentences and short passages) and
spontaneous speech tasks (free speech prompted by picture descriptions or discussion
topics). Those recordings were rated by trained native-speaker judges for overall
comprehensibility on a 9-point scale. The authors found that both experimental groups
(with targeted instructions) improved in reading-task comprehensibility, but only the
suprasegmental group indicated significant and lasting gains in spontaneous speech.
These results suggest that explicit suprasegmental instruction, particularly rhythm, has a
more durable effect than segmental-only training. However, because the suprasegmental
intervention combined rhythm, stress, and intonation, the study could not isolate rhythm’s
specific contribution. In addition, though reasonable, native-speaker ratings cannot serve

as the definitive gold standard for evaluating L 2 acquisition outcomes, as they are

15



inherently subjective and dependent on raters. These limitations highlight the need for
research that targets rhythm alone and employs more objective acoustic measures to
assess L 2 pronunciation improvement.

While Zhang and Y uan's (2020) study stated the effectiveness of including rhythm
intervention in the classroom, other researchers have explored technol ogy-assisted
approaches to introduce training in a more structured and engaging way. One such
innovation is the MusicSpeak system, a computer-assisted language learning (CALL) tool
developed by Wang and colleagues (2010, 2016). MusicSpeak was designed to improve
English rhythm perception and production, particularly among Chinese L1 learners, who
are considered to possess more syllable-time patterns (Mok & Dellwo, 2008; Ramus et
al., 1999). This system automatically generates the musical rhythm (represented by beats)
of English sentences based on the text input. Users are then able to listen to and practise
speaking in synchrony with the corresponding beats.

Wang et al. (2016) evaluated the effectiveness of MusicSpeak by recruiting 20 Chinese
university students (L1 Mandarin) and six native American English speakers, who served
asthe L1 English reference model. All participants recorded the same 15 English
sentences (adapted from song lyrics) in two speaking styles: natural (normal reading
without MusicSpeak aids) and rhythmic (following MusicSpeak’ s beat-aligned prompts).
Performance was assessed through both objective acoustic analysis and subjective
perceptual judgement by native English speakers. Acoustic analysis used the normalised
Pairwise Variability Index for syllabic intervals (nPVI-S) and for vocalic intervals (nPV1-
V). Perceptual ratings were provided by 10 native English judges, who rated the
nativeness of the rhythm in each recording on a 7-point scale. For analysis, the non-native
learners were categorized into a “good rhythm” group and a “weak rhythm” group based
on expert assessment of their natural-style speech. For learners with initially weak
rhythm, rhythmic-style recordings produced with MusicSpeak showed higher nPV1-S
values than their natural-style speech and were rated as more rhythmically native-like.
But for those in the “good rhythm” group, there was no significant improvement shown.
This indicates that MusicSpeak can lead to measurable improvement in both objective
acoustic metrics and perceptual ratings, especially for participants with weak rhythm
perception. However, this study focused exclusively on immediate, in-training effects and
did not assess whether rhythmic gains persisted beyond the imitation context.

Taken together, the findings from Zhang and Y uan (2020) and Wang et a. (2010, 2016)
highlight the potential of both classroom-based and technol ogy-assi sted approaches for
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enhancing L2 English pronunciation. Nonetheless, each |eaves important questions
unanswered: Zhang and Y uan (2020) provided a general suprasegmental instruction but
could not isolate the specific contribution of rhythm from other features; Wang et al.
(2016) only examined the immediate and in-training effects, without examining whether
rhythmic gains persisted beyond the imitation context. As aresult, the present study
addressed both limitations by isolating rhythmic-focused training and evaluating its
effects not only during training, but also through a post-test.

In addition to those structured approaches and technol ogy-assisted tools explored by
Zhang and Y uan (2020) and Wang et al. (2010, 2016), there is another underexplored
dimension in rhythm teaching—the nature of the text itself used in the pronunciation
training process.

It is noteworthy that all aforementioned teaching models are based on daily
conversational text, rather than texts with inherently rhythmic or poetic structures.
Although some studies have mentioned the use of poetry to enhance pronunciation, most
are theoretically proposed and lack empirical validation (Ariningsih, 2023; Finch, 2003).
For instance, Finch (2003) argued that simple poetic forms, such as picture poems
(visually shaped texts), haiku (short Japanese poems with a 5-7-5 syllable structure), and
song lyrics, can raise learners’ awareness of pronunciation, stress and sentence flow.
Finch also suggested that such texts reduce anxiety and promote learners engagement in
language learning. However, these claims were based on classroom practice rather than
empirical research. Nonetheless, Finch’s work offers valuable pedagogical insight into
how poetic forms may support rhythmic awareness, leading to a broader question of how
text type could influence pronunciation learning.

Later, Ariningsih (2023) conducted a systematic literature review to evaluate the
relationship between poetic styles used in teaching and pronunciation improvement. This
review screened 113 studies from data sources and finally included only one empirical
study that met al inclusion criteria. Though this systematic review lacked detailed
synthesis and a thorough methodological justification, it still highlighted the inherent
nature of poetry. Poetry isrooted in oral tradition and naturally embeds features such as
rhyme and rhythm. These features align closely with the suprasegmental aspects of
language learning, including stress and timing. And for learners who are exposed to
poetry-related rhythmic texts, they may more easily perceive and reproduce those poetic
features in their speech. Despite the methodol ogical limitations and inadequate argument,
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Ariningsih’s (2023) work pointed out a notable gap in the empirical literature concerning
the role of poetic texts (or in abroader sense, texts with explicit rhythmic patterns) in

pronunciation development. This gap motivated part of the present study, which aimed to
investigate whether the text type (conversational vs. rhythmic) influences learners’ ability

to produce more native-like and stress-timed English rhythmic patterns.

2.5. Research Aims

As discussed in previous sections, various instructional approaches—such as gesture,
music, and visual representation—have been proposed for teaching English rhythm.
However, few empirical studies have rigorously evaluated the effectiveness and validity
of these methods. To address this gap, the present study introduced a short-term rhythmic
training, which was originally designed for advanced Mandarin-speaking learners of
English. Unlike previous research, this study aimed not only to implement a rhythm
training method but also to empirically evaluate its impact using pre- and post-training
acoustic metrics. standard deviation of vocalic intervals (AV) and normalized Pairwise
Variability Index of vocalic intervals (nPVI-V).

Additionally, the study examined whether individual differences (working memory,
English proficiency, and rhythmic perception) and the external textual environments
(conversational vs. rhythmic) influence learners' L2 speech patterns. Through this design,
the study intended to contribute a validated, evidence-based training intervention for L2
English rhythm production.

2.6. Research Questions and Predictions

This study addresses three main questions:

RQ1: Does short-term rhythmic training improve advanced Mandarin-speaking L2
English learners’ production of stress-timed patterns, as measured by increased AV and
nPVI1-V values?

RQ2: Isthe extent of this improvement influenced by individual |earner variables—
namely working memory (Digit Span), English proficiency level (LexTALE), and
rhythmic perception ability (Music Ear Test)?

RQ3: Do the types of text read (conversational vs. rhythmic) affect learners production
of English rhythmic patterns?
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For RQ1, it was hypothesized that short-term training would improve learners
production of stress-timed patternsin L2 English. Specifically, post-test speech was
expected to exhibit higher AV and nPVI-V values, indicating greater durational
variability of vowels, which isthe key feature of a more stress-timed speech pattern of
English (Grabe & Low, 2008; Low, 1998). However, it was anticipated that nPV1-V
would show more robust changes than AV, since AV is highly sensitive to speech rate
and inter-speaker variation. This greater sensitivity means that any training-related
improvement represented by AV could be masked by fluctuations in speech tempo or
individual speaking styles, making AV aless reliable measuring metric than nPVI1-V

For RQ2, al three individual difference variables were expected to moderate the extent of

improvement:
Working Memory (Digit Span): Learners with higher working memory capacity were
expected to have better improvement after training compared to those with lower
scores. They may be more effective in encoding and retaining rhythmic information,
leading to better integration of stress patternsin their performance after training
(Mattys & Baddeley, 2019; Suzukida, 2021; Woods et a., 2011)
English Proficiency (LexTALE): Learners with higher English proficiency, as
measured by the LexTALE receptive vocabulary test (Lemhofer & Broersma, 2012),
were expected to show greater improvement after the training intervention. As shown
by Lin and Wang (2005), higher-proficiency Mandarin learners of English produced
speech that more closely resembled native-like rhythm than that of their
lower-proficiency peers. This suggests that more proficient learners tend to be more
attuned to target-like speech patterns and may therefore be better able to incorporate
learnt rhythm features into their L2 production.
Rhythmic Perception (MET): Learners with better MET performance were expected
to benefit more from the rhythmic training, as musical aptitude has been linked to
better sensitivity to rhythmic features in speech (Gordon, 2015; Milovanov et dl.,
2008, 2010; Posedel et al., 2012; Sun et al., 2024; Suzukida, 2021).

For RQ3, rhythmic texts were predicted to facilitate greater stress-timed rhythmic
patternsin learners’ speech production than conversational texts. Leaners may find it
easier to detect and produce stress-timed patterns when given a more explicitly rhythmic
text type (Ariningsih, 2023; Finch, 2003).
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3. Methodology

The study was conducted online through the Gorilla Experiment Builder
(www.gorilla.sc), an online platform for creating and hosting experiments (Anwyl-Irvine
et a., 2020). Two versions of the experiment were employed during the process. one for
the piloting phase and another for the formal data collection. As only minor adjustments
were made after the piloting phase, such as modifications to the wording of the task
instructions, the pilot data were included in the final analysis. Data collection took place
between 10 May 2025 and 5 June 2025, with the piloting phase in the first 5 days.
Participants were recruited via personal contacts and social media platforms.

Following data collection, the dataset was processed using Microsoft Excel for data
management, Praat (Boersma & Weenink, 2025) for phonetic segmentation, and R (R
Core Team, 2023) for statistical analysis. This study was reviewed and approved by the
University of Oxford’s Education Departmental Research Ethics Committee (Ethics
Reference: EDUC-DREC-1351018).

3.1. Participants

A total of 42 adult participants (31 females, 11 males) took part in the experiment. All
participants were native speakers of Mandarin Chinese and had been learning English
(L2) for more than 10 years (M = 17 years, D = 3.9). Approximately 85% of the
participants reported beginning learning English during primary school (i.e., before the
age of 10). Most (more than 80%) participants reported regular daily exposure to English
across the four skills (reading, listening, speaking, and writing).

Participants were randomly assigned to either the experiment group (n = 21) or the
control group (n = 21) using Gorilla's balanced randomiser prior to the main task. The
key difference between the two groups was that the experiment group received short-term
rhythmic training, while the control group did not receive the intervention. All
participants provided informed consent before beginning the experiment and agreed to
the collection and use of their data. However, due to unexpected dropouts and technical
issues (two participants withdrew, one pre-test recording was lost, and one post-test
recording was unusable), only 38 complete datasets were included in the final analysis (n

= 19 for each group).
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3.2. Experiment materias
3.2.1. BasicAbility Tests

All participants completed three basic assessments to measure their linguistic and
cognitive abilities as part of the experiment: the Digit Span (DS) task, the LexTALE, and
the Rhythm part of the Musical Ear Test (MET).

The DStask, originally designed to test working memory and attention, isawell-
established component of the Wechsler memory scales and Wechsler intelligence scales
(Wechdler, 1981, 2012). Traditionally, the test involves an examiner reading aloud a
sequence of digits, which participants are asked to repeat either in the same (forward) or
reverse (backward) order (Blackburn & Benton, 1957). In the present study, a
computerized version of the DS test was implemented via Gorilla, where digits were
visually presented on the screen and participants typed in their responses. This
computerized version significantly enhances the reliability and precision of the
assessment (Woods et al., 2011). The backward DS task imposes a greater cognitive load
than the forward version, as it demands not only stronger short-term retention but also
active manipulation of information (Lezak et a., 2012; Woods et al., 2011). Given these
gualities, and the time constraints of the experiment, only the backward DS was selected
as amore robust measure for this study.

The Lexical Test for Advanced Learners of English (LexTALE; Lemhofer & Broersma,
2012) was administered to assess participants English vocabulary knowledge. This
quick and validated tool is particularly well suited for medium to highly proficient L2
English speakers, making it appropriate for the present study’s participants. There are
only 60 trialsin this test, making it efficient and feasible to incorporate alongside other
experimental tasks. According to alarge-scale study by Lemhofer and Broersma (2012),
LexTALE functions not only as areliable measure of vocabulary size but aso as an
indicator of general English proficiency. Furthermore, it offers a more objective
alternative to self-rated proficiency measures. In this study, LexTALE scores were used
to ensure that participants in both groups were comparable in terms of L2 proficiency.
TheMusical Ear Test (MET; Wallentin et al., 2010) is a standardized instrument
designed to measure musical perceptual ability, comprising Melody and Rhythm subsets.
Given the focus of this study on speech rhythm, only the Rhythm subtest was
administered. The online version of the MET has been validated by Correia et al. (2022)
and is available as open-access materials on Gorilla and was implemented through the
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Gorilla platform (https://app.gorilla.sc/openmaterial §218554). In the Rhythm subtest,
participants completed 52 trials, each consisting of two rhythmical phrases presented
using awoodblock sound. Half of the pairs were identical, while the other half differed.
Participants judged whether each pair was the same or different within afixed time limit.
Thetrial order was randomized to reduce order effects. Scores on this task served as an
index of participants' rhythmic perception ability, which was considered relevant to their
potential for acquiring stress-based timing patternsin their L2 English.

3.2.2. Rhythmic Training Materials and Test |nstruments

3.2.2.1. Training Materials and Pre/Post-test |nstruments
The rhythmic training materials used in this study were designed by the author, drawing
inspiration from the MusicSpeak (Wang et al., 2016), which maps English stress patterns
onto musical beats to support rhythm acquisition. Although the system itself is not
publicly accessible, its mapping mechanism was implemented using the following
procedure:
1. Each sentence was transcribed using the CMU Pronunciation Dictionary (Weide,
2008).
2. Each word was assigned one of three stress levels —primary, secondary, or
unstressed— based on dictionary markings.
3. Content words were prioritized for stress assignment, while function words were
generally unstressed.
4. These stress levels were then mapped onto rhythmic beats in the training audio,

with higher stress corresponding to longer and more prominent beats.

The training consisted of 32 utterances, each written in a conversational speech style and
designed to feature distinct rhythmic patterns. For each sentence, the author recorded
three audio tracks using GarageBand:
1. A drumbeat-only track representing the rhythmic pattern based on stress
assignment.
2. A model reading of the sentence in natural English.
3. A combined track integrating the drumbeats with the model reading.

This three-track structure was intended to facilitate rhythm acquisition by combining

rhythmic cues with natural speech imitation, in line with previous research that beat-
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based activities could enhance the acquisition of rhythmic features (Llanes-Coromina et
al., 2018; Picavet et al., 2012.; Wang et al., 2016).

The 32 utterances used in the training materials were organized into three sections, each
corresponding to a different conversational topic and increasing levels of rhythmic
complexity. Section 1 consisted of eight declarative utterances, including four utterances
with four beats, two with five beats, and two with six beats. Section 2 included eight
interrogative utterances, with four containing six beats and four with seven beats.
Section 3 comprised 16 utterances with much greater rhythmic complexity, ranging from
seven to 14 beats. In total, the training set included nine distinct beat types. This
progression was designed to gradually enhance participants sensitivity to rhythmic
patterns in English speech. For example, a simple utterance such as “I’ll have sushi”
contains four evenly spaced beats, reflecting aregular rhythm. In contrast, a more
complex one, such as“Tell me how to get to the library from here...”, contains 10 beats
with more varied inter-beat intervals. By following this progression order in training,
participants were expected to build perceptual and productive control of speech rhythm.
The complete list of training text materialsis provided in Appendix 2 and the recording
materials can be found in the online4 OSF profile.

To evaluate the effectiveness of the rhythmic training intervention (for RQ1 and RQ2)
and ensure the validity for statistical comparisons, half of the training utterances (16 out
of 32) were selected for use in both the pre-test and post-test (see Appendix 1). These 16
utterances were randomly chosen but still represented all eight beat types, ensuring full
rhythmic coverage. This design has two advantages: first, by reusing training materialsin
the training phase, any changes observed in rhythmic patterns from pre- to post-test can
be more directly attributed to the training itself, despite the unavoidable influence of
practice effects; second, using only half of the utterances helped reduce the likelihood
that participants would fully memorize the training materials and simply recall them
during the post-test. In both pre-test and post-test phases, utterances were presented in a
randomized order to minimize memorization effects. Moreover, this design also tried to
reduce the chance of learners following previously learned rhythm patternsin afixed and

mechanical manner.

4 All recording materials can be found in the file folder viathis view-only link in OSF:
https.//osf.ioly8rg3/?view only=1a12284b3bd64addacad2f2790bf0381
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3.2.2.2. Rhy-test Instruments

In addition to these repeated measures used for RQ1 and RQ2, a supplementary test (for
RQ3), which isreferred to as the rhy-test, was administered after the post-test. This test
contained a separate set of six rhythmically structured utterances that were not part of the
training or earlier testing phases. As discussed in the literature review, both Ariningsih
(2023) and Finch (2003) suggested that poetic texts contain explicit rhythmic structures
that are more easily detected by learners. Thus, the rhy-test materials were designed to
assess learners’ sensitivity to English stress-timed patterns without prior exposure. To
avoid confounding effects from training or pre-test phase, these rhythmic items were only
administered after the post-test, preventing participants from anticipating or rehearsing
the rhythmic structures in advance. Unlike the 32 conversational style utterances, these
new items were selected for their explicit metrical patternsin a poetic style, containing
trochaic (strong—weak) and iambic (weak—strong) structures. For example, “ Sticks and
stones will never gonna shake me” demonstrates a primarily trochaic pattern, while

“ They shine so soft across the sky” follows an iambic rhythm. Although some lines may
have dlight adjustments for semantic and grammatical correctness, the underlying
metrical structures were till explicit and relatively regular (see Appendix 3for the full
list of rhy-test utterances).

3.2.2.3. Follow-up Questionnaire after Training

As mentioned in the experiment procedure, a short follow-up questionnaire was designed
to explore what strategies participants used during the training intervention (see
Appendix 4 for the detailed question). Previous research has identified a range of
effective pedagogical approaches for teaching rhythm, especially the use of physical
gestures (Avery, 1992; Gower, 1983; Llanes-Corominaet al., 2018; O’ Connor, 1980;
Wong, 1987). Strategies such as tapping the table, clapping hands may also be employed
directly by learners without explicit instruction, particularly when learners are exposed to
arhythm-focused learning environment. But this strategy-related question was not part of
the main research aims. It was only included as a supplement to the primary study.
Consequently, the results of this questionnaire are presented in the Discussion section as

contextual information to complement the main findings.
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3.3. Experiment Procedure

The experiment was designed and conducted online in Gorilla (www.gorilla.sc). All

participants were encouraged to use a PC or laptop and to wear earphones throughout the
experiment. They began by reading the participant information sheet and providing
consent to participate, before completing a brief background questionnaire (see
Appendix 4 for the beginning questionnaire) covering demographic information and
English learning experience.

Participants were randomly assigned to either the experiment or the control group through
abalanced randomizer embedded in Gorilla. The sequence of tasks differed slightly
between groups to accommodate the training intervention in the experimental condition.
For the control group, they first took the pre-test, followed by three basic ability tests
(DS, LexTALE and MET). After completing these assessments, participants proceeded to
complete the post-test and the rhythmic speech test (rhy-test). In contrast, Participantsin
the experiment group completed the pre-test first, followed by arhythmic training
session, after which they answered a short question on their training experience. They
then completed the same three ability tests (DS, LexTALE, MET), followed by the post-
test and rhy-test. This sequence arrangement was designed to create atime interval
between the pre- and post-tests, minimizing the influence of memorization and reducing
potential practice effects.

The pre-test, post-test, and rhy-test followed the same procedure. In each case, a sentence
was presented on the screen. Participants were instructed to click the * Start’ button to
initiate audio recording and the * Stop’ button to end it. They could record and self-correct
their speech within a designated time limit. If the time expired before they clicked * Stop’,
the task automatically progressed to the next item. The time limit was set at 15 seconds
per sentence.

For the rhythmic training, each sentence was accompanied by three audio cues: a
rhythmic beat track (recorded using GarageBand), a model spoken version (read and
recorded by the author), and a combined version of both tracks. Participants were also
encouraged to practice producing the rhythm and speaking simultaneously with the beat
during the training phase.

Due to the complexity of the experiment, a pilot study involving four participants (onein
the experimental group and three in the control group) was conducted before the formal

launch. The pilot confirmed the technical functionality and feasibility of the experimental
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design. Several adjustments were made based on participant feedback to improve clarity
and user experience. First, awelcome screen was added with clearer task instructions and
an overview of the experiment structure. Second, in response to concerns about task
fatigue during MET, afive-minute optional break was added before its start. Although
some participants suggested the possibility of shortening the test, this suggestion was not
adopted asthe MET isonly validated in its full form. However, a progress countdown bar
and motivational messages were added to sustain engagement. Additionally, the time
limit for recording tasks (pre/post and rhy-tests) was extended from 10 seconds to 15
seconds, allowing more time for natural reading and reducing time pressure.

3.4. Acoustic Anaysis and Segmentation

All audio recordings from the pre-test, post-test and rhy-tests were downloaded via
Gorillaand converted to .wav format for acoustic analysisin Praat. The vowel segments
in each sentence were manually annotated by the author, and their durations (in
milliseconds) were extracted and recorded in an Excel spreadsheet for subsequent
statistical analysis.

The most essential step in this acoustic analysis process was segmentation—identifying
the start and end of each vowel for the measurement of the vocalic interval. Vowels are
generally characterized by their clear and regular periodic waveform, reflecting consistent
vocal fold vibration (Ladefoged, 2015).

Figure 1 illustrates how vowels appear in Praat in both waveform and spectrogram. In the
waveform view (top panel), vowels appear as smooth, repeating cycles with relatively
high amplitude, setting them apart from less sonorous consonants. For the spectrum view,
vowels show prominent formants. The formant refers to a concentration of acoustic
energy at particular frequencies that correspond to resonances in the vocal tract. There are
usually several formants, each at a different frequency, roughly one in each 1,000Hz
band. The first formant (F1) isinversely related to vowel height (the openness of the
mouth), while the second formant (F2) relates to the vowel backness (the front-back
position of the tongue). In the wideband spectrogram (see the bottom panel), vowels,
represented by formants, show as horizontal dark bands that persist throughout the
vowel’ s duration. These stable and identifiable acoustic features facilitated the

identification of vowel boundariesin most cases.
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The figure originally presented here cannot be made freely available via

ORA because of copyright.

Figure 1 Waveform and spectrogram of avowel in Praat

In this study, vocalic intervals were measured from the vowel onset to the vowel offset,
regardless of whether the segment contained a monophthong or a diphthong. While most
boundaries could be identified using acoustic cues, some cases presented ambiguity,
especially those transitions between consonants and vowels. In such instances, a
consistent set of segmentation criteria was applied to ensure standardization. These
criteriawere based on the widely accepted guidelines proposed by Peterson and L ehiste
(1960), with minor adaptations made to suit the specific aims and constraints of the

present study. These are discussed below.

3.4.1. Initial Plosive
For vowels following initial plosives, segmentation procedures varied slightly depending

on whether the plosive was voiceless or voiced. In the case of voiceless plosives, an
initial burst istypically visible as a spike in the spectrogram, followed by a brief period of
aspiration. This aspiration period appears as alow-energy region, particularly around the
frequency of the first formant (F1), as seenin the /p/ of "pants’. In contrast, voiced
plosives generally lack the aspirated interval and instead present a more prominent
frication phase, such asthe/b/ in “base’.

Due to the variability and difficulty in consistently measuring the aspiration phase of
plosives, vowel duration in these contexts was measured from the end of voice onset time
(VOT). Thispoint isidentified in the waveform as when strong periodic striations
become visible and in the spectrogram as the moment when F1 stabilizes. Figure 2
illustrates this process for the vowel in “pants’ (following a voiceless plosive), while

Figure 3 shows the vowel in “base” (following avoiced plosive). In both figures, arrows

27



mark the periodic striations and the stabilization point of F1, which together define the
onset of the vowel. And the red zone indicates the vowel area.

The figure originally presented here cannot be made freely available via

ORA because of copyright.

Figure 2 Illustration of the segmentation of the vowel in “pants’ from Praat

The figure originally presented here cannot be made freely available via

ORA because of copyright.

Figure 3 Illustration of the segmentation of the vowel in “base” from Praat

3.4.2. Initial and Final Nasals
Identifying the vowel onset following an initial nasal is generally straightforward. This

boundary is usually marked by an abrupt acoustic shift—from the relatively stable, low-

energy formant structure of the nasal segment to the rapid formant transitions

characteristic of the vowel onset. In the waveform, this change is observed as the
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emergence of regular vocal-fold periodicity, while in the spectrogram, it isindicated by a
risein F1 energy

In contrast, it is quite challenging to differentiate between avowel and afollowing nasal
consonant (e.g., /m/ in dreams, /n/ in stones) due to the nasalization. In the present study,
the vowel offset was marked at the point where a sudden decrease in harmonic energy
occurred. This change is particularly visible in the spectrogram: the strong harmonic
bands of the vowel, which appear as dark horizontal lines, begin to fade as nasalization
begins. Figure 4 displays the segmentation example of the vowel in “dreams’, with the
red zone indicating the vowel area.

The figure originally presented here cannot be made freely available via

ORA because of copyright.

Figure 4 Illustration of the segmentation of the vowel in “dreams’ from Praat
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3.4.3. Initial Glide (/w/)

In most cases within the present data, the transition from an initial glide to the following
vowel was acoustically smooth and continuous. However, in some tokens, the glide
segment could be clearly distinguished from the vowel. In such cases, the glide was
excluded from vowel duration measurements, as the analysis focused on the vowel alone.
For example, when /w/ isfollowed by afront vowel such as/i/, the /w/ segment often
exhibits a perceptible steady state with distinct acoustic characteristics. In the waveform,
this appears as alower-amplitude segment prior to the more prominent vowel part,
represented by periodic striations. In the spectrogram, /w/ is characterized by low F1 and
F2 starting frequencies that rise sharply during the transition into the vowel, providing a

clear separation point (see Figure 5, and the red zone is the vowel area).

The figure originally presented here cannot be made freely available via

ORA because of copyright.

Figure 5 Illustration of the clear separation between the glide /w/ and vowel /i/ from Praat

By contrast, when /w/ is followed by a back vowel such as/a/, the transition tends to be
acoustically seamless, making it difficult to determine a clear boundary. In such cases,
glides were included as part of the vocalic interval (see Figure 6 for an example of this

type, with the red zone indicating the vowel area).
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Figure 6 Illustration of the conjoining part of the glide /w/ and vowel /a/ from Praat

35, Sdtstical Analysis

The primary quantitative analyses were conducted using R and R Studio. Participants
data, including scores from individual ability measures and acoustic indices of speech
rhythm, were systematically cleaned, formatted, and prepared for statistical modelling.
This section outlines the procedures used to quantify the participants' scores on the
cognitive and linguistic tests, introduces an additional index of speech production, and
explains the rationale for the statistical modelling approach adopted in this study.

3.5.1. Quantification of Individual Abilities

Three individual ability variables were measured to account for variability in participants
cognitive and linguistic abilities: DS, LexTALE and MET. Each was scored according to
established protocols (Blackburn & Benton, 1957; Lemhofer & Broersma, 2012,
Wallentin et al., 2010; Woods et al., 2011).

The DS score was calculated as the proportion of correct responses from a set of 12
backward DS trials (Woods et al., 2011). Similarly, for MET, the proportion of correctly
identified same/different rhythm pairs was cal culated from the rhythm subset of the MET,
which comprised 52 trials. This approach aligns with the scoring procedures reported in
the original MET studies (Correiaet al., 2022; Wallentin et al., 2010).

It isworth mentioning that the LexTALE test was scored using the “%correcta,”
(averaged % correct) proposed by Lemhdfer and Broersma (2012). This method adjusts
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for the unequal number of words (n = 40) and non-words (n = 20) presented in the test.
The final score was calculated using the following formula:

((number of words correct/40* 100) + (number of nonwords correct/20* 100)) / 2

All three scores were treated as continuous variables and were later entered as covariates
in the main statistical models. This alowed the analysis to control for individual
differences when evaluating the effectiveness of rhythmic training.

3.5.2. Indices of Speech Rhythm

Asdiscussed in the literature review, this study quantified speech rhythm using two key
indices: standard deviation (AV) and the normalized Pairwise Variability Index of vocalic
intervals (nPV1-V), both calculated from the vowel durations in participants speech
recordings. These indices were chosen to capture rhythmic variation. Specifically, the
durational variability of vowelsisthe central feature to determine whether speech is more
syllable-timed or stress-timed.

Thefirst metric, AV, provides a general measure of the dispersion of vowel durations
within an utterance. It reflects how much the vocalic interval deviates from the mean and
serves as atraditional representation of durational variability. However, as highlighted in
the literature review, AV does not account for the temporal ordering of vowels and will
be affected by overall speech rate. To address these limitations, the nPVI-V was included
as another metric. The nPVI-V quantifies the relative difference in duration between each
pair of adjacent vowels, providing information about the rhythmic aternation between
longer and shorter segments. Unlike AV, the nPVI-V captures temporal patterns by
anayzing how vowel durations vary from one to the next, rather than focusing on the
overall dispersion. Additionally, it adjusts for speech rate by comparing each vowel pair
with its average length. By employing both AV and nPVI-V, the study provides a
comprehensive and reliable representation of the durational variability of vocalic
intervals.

During the piloting phase, it was noted that some participants omitted or mispronounced
words, which disrupted the vowel count and affected the calculation of AV and nPVI-V.
To account for this situation, an additional variable, accuracy, was introduced to track the
reliability of the measurement.

In this study, accuracy was operationalized in a narrow and objective manner, distinct
from broader definitions used in L2 speech research. Traditionally, accuracy refersto
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how closely alearner’s spoken output matches native-like norms of accentedness,
intelligibility and comprehensibility, normally evaluated by native speakers’ perceptual
judgements (Munro & Derwing, 1995; Thomson & Derwing, 2015). Instead, in this
study, accuracy means whether the number of vowels produced in each sentence matched
the expected number based on standard pronunciation provided in the Oxford English
Dictionary I1PA notation (Oxford University Press, 2024). For example, in the sentence
‘how to get to the library from here’, there are 10 expected vowels. If all 10 vowels were
produced and visible in Praat (i.e., not devoiced, omitted, or merged), the sentence
received an accuracy score of “1”. If any vowel was missing or mispronounced to the
extent that it could not be segmented, the accuracy was scored as“0”. And these vowels
were excluded from the AV and nPV1-V calculations to ensure consistency across
participants. Although this narrow sense of accuracy and its binary coding system are
restrictive and not representative of the accuracy construct as a whole, they were deemed
appropriate for this study based on their objectivity and the alignment with this study’s
analytical focus.

3.5.3. Modelling Approach

To investigate the effectiveness of the rhythmic training intervention, a Linear Mixed
Effects Regression (LMER) model was employed for the primary statistical analyses
(Bates et al., 2015). This approach is particularly well-suited for experimental study data
where repeated measures are taken from individual participants at multiple time points—
such as during pre-test, post-test, and delayed post-test phases (Baayen et al., 2008). In
this study, the R packages Ime4 (Bates et al., 2015) and ImerTest (Kuznetsovaet al.,
2017) were employed to fit LMER models and obtain p-values for fixed effects.

One mgjor advantage of LMER isits flexibility: unlike ANOVA or other linear models, it
does not require predictor or outcome variables to be normally distributed. Instead, it only
assumes that the model residuals are normally distributed and homoscedastic. This allows
researchers to model real-world data, which often does not meet normality assumptions.
Additionally, the LMER can handle unbalanced designs and missing data better. Since
data collection for the present study was conducted fully online, it was crucia to mitigate
situations of data loss due to participant dropout or technical issues such as recording
errors.

In the present design, each participant completed the pre-test, post-test and the additional
rhy-test, creating a hierarchical data structure within subjects. Using the LMER model,
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both fixed effects (e.g., time, group, MET, DS and LexTALE scores) and random effects
(i.e., individual participant variability) could be measured. The primary dependent
variables (AV and nPVI-V) were analysed as continuous outcomes, while time (pre/post),
group (experiment/control) and their interaction served as the main predictors.
Simultaneously, to control for inter-individual differencesin three basic ability tests, the
scoresinthe DS, MET and LexTALE were included as covariates. Also, the random
intercept of each participant was added, acknowledging the dependence between repeated
observations from the same person and capturing individual variability. Although the rhy-
test involved a new set of materials and thus was not a repeated measure, an LMER was
still applied because of its ability to model individual variability through random effects.
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4. Results
4.1. Overview of Data Quality and Accuracy

Each participant was expected to produce 38 utterances across three test phases,
containing 314 vocalic intervals to be measured per participant. This large sample size
provided arobust basis for reliable speech rhythm quantification and allowed for a small
margin of dataloss.

During the data inspection, a small number of recordings were identified asinvalid due to
technical issues such as an empty file. Three of the participants (ID number: 6, 32 and 45)
had more than five invalid recordings (8, 10, and 8 errors, respectively). Despite this, the
overall proportion of usable data remained sufficient, and thus these participants were
till included in the analysis.

In terms of speech accuracy, this was measured as the proportion of correctly produced
vowels relative to the expected total. And the results are shown in Table 4. Overall, most
participants produced the expected number of vowels. However, five participants (1D
numbers: 5, 7, 16, 33 and 42) showed accuracy below 0.8 in at least one test phase. It is
important to clarify that alow accuracy score does not necessarily reflect incorrect
pronunciation. For example, the phrase ‘pair of’ was sometimes pronounced as * pairof’
due to vowel elision. In such cases, only one vowel could be segmented in Praat, resulting
in an accuracy score of “0”. However, vowel elision is common in interconnected speech,
especially when the speech styleis fast and smooth (Celce-Murciaet al., 1996;
Kenworthy, 1987). This highlights that the accuracy metric used here was to flag any
major mismatches or omissions that could interfere with the main calculation and should
not be interpreted as reflective of the participants pronunciation accuracy in a broader

phonological sense.

Test Phase Mean SD
Pre-test 0.94 0.10
Post-test 0.92 0.10
Rhy-test 0.97 0.10

Table 4 Speech accuracy proportion in each test phase
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4.2. Pre-intervention Group Comparability

Before addressing the main research questions, it is crucial to ensure that the experiment
group and the control group were comparable in terms of three basic abilities. Checking
the groups comparability isimportant to exclude any alternative explanations for
observed training effects. Although participants were randomly assigned to groups, this
does not guarantee balanced allocation, especially in arelatively small sample size

(n = 38). This section compares participants’ basic abilities on three measures: working
memory (DS), English proficiency (LexTALE), and rhythmic perception ability (MET).
Descriptive statistics were first calculated for the three abilities, which are shown in
Table 5.

Group DS(Mean) DS(SD) Lex(Mean) Lex(SD) MET(Mean) MET(SD)
Control | 10.10 2.66 69.20 11.80 34.20 7.05
Experiment | 11.20 1.07 73.50 13.60 33.50 7.06

Table 5 Descriptive statistics of individual ability tests by groups

Then, the normality of the distributions was assessed using Shapiro-Wilk tests. DS scores
significantly deviated from normality in both the control group (W= 0.71, p <.001) and
experiment group (W= 0.70, p < .001). MET scores were normally distributed in the
control group (W= 0.95, p = .456), but not in the experiment group (W = 0.86, p = .009).
LexTALE scores were approximately normally distributed in both groups (control: W =
0.97, p =.709; experiment: W= 0.93, p =.185).

Based on these findings, non-parametric Wilcoxon rank-sum tests were applied to DS and
MET, and Welch’ s t-test was used for LexTALE. Asreported in Table 6, no significant
group differences were found in DS, LexTALE, or MET scores. These results confirm
that the experiment and control groups were comparable in their cognitive, linguistic and
rhythmic abilities before the intervention. Therefore, any observed post-training
improvement can be more reliably attributed to the intervention rather than to pre-existing

group differences.

Measure Test Used Test Statistic p-value Difference
DS | Wilcoxon rank-sumtest W =140.5 .224 ns
LexTALE | Welch'st-test t(35.31) = -1.03 .308 ns
MET | Wilcoxon rank-sumtest W =174 .861 ns

Table 6 Group comparison on individua ability tests
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4.3. The Effectiveness of Rhythmic Training (RQ1) and the Influence of
Basic Abilities (RQ2)
To evaluate the impact of rhythmic training on learners’ production of English stress-
timed patterns (RQ1), and to examine whether individual abilities moderate the
acquisition process (RQ2), a series of descriptive and statistical analyses was conducted.
Before evaluating the training effect, independent-samples t-tests were performed on the
pre-test values for AV and nPV1-V to assess the baseline comparability between the two
groups. Results showed no significant group differences at pre-test for AV, t(43.7) =
—1.73, p=.09, or nPVI-V, t(44.7) = 0.08, p = .935, indicating that the two groups were
statistically equivalent in their initial rhythmic performance.

4.3.1. Descriptive Trends in Speech Rhythm (pre-post)

Descriptive statistics summarizing the pre- and post-test values for both AV and nPVI-V
are presented in Table 7 and Table 8 and visualized in Figure 7 and Figure 8.

For AV, the control group demonstrated a slight decrease from pre-test to post-test, while
the experiment group maintained relatively stable values from pre-test to post-test. This
pattern suggests neither group exhibited substantial changesin overall vowel durational
variability when measured by standard deviation.

For nPV1-V values, the control group also showed a small decrease from pre-test to post-
test. In contrast, the experiment group exhibited an increasing trend from pre-test to post-
test, which indicates a potential improvement after the training. These descriptive
findings offer a preliminary insight into a possible training effect and set the stage for the
formal statistical test using the LMER model.

Group mean (pre) sd (pre) mean (post) o (post)
Control | 53 11.2 51.3 14.1
Experiment | 60.1 13.8 60.4 14.8

Table 7 AV by group in two test phases (pre-post)
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Figure 7 Boxplot of AV by group in two test phases (pre-post)

Group mean (pre) sd (pre) mean (post) o (post)
Contral | 50.3 7.1 48 6.3
Experiment | 50.2 4.5 52.5 6.7

Table 8 nPVI-V by group in two test phases (pre-post)
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Figure 8 Boxplot of nPVI-V by group in two test phases (pre-post)
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4.3.2. Statistical Modelling for Speech Rhythm (pre-post)

Asdiscussed in section 3.5.3, an LEMR was employed for the primary data analysis to
investigate the effectiveness of the training intervention. This model incorporates all fixed
effects, such as time (pre-test or post-test), group (experiment or control), three ability
scores, and random effects (i.e., individual participant variability). As aresult, both RQ1
and RQ2 can be addressed simultaneously. Since there are two dependent variables, AV
and nPV1-V, separate LEMR models were fitted for each:

Model 1 <- Inmer(aV ~ tine * group + MET + DS + lex_tale + (1 |
ID), data = AV)

Model 2<- Imer(nPVI-V ~ time * group + MET + DS + lex_tale + (1 |
ID), data = nPVI-V)

Prior to interpreting the results, key assumptions were assessed. Though the LMER
model does not require the predictor or outcome variables to be normally distributed, it
does assume that the residual s are approximately normally distributed and homoscedastic.
By visual inspection of residual plots and Q-Q plots, the residual s appeared generally
normally distributed and showed no clear pattern of heteroscedasticity. These diagnostic
checks suggest that the LMER assumptions were reasonably met, supporting the validity
of the following model inferences.

AV (Moddl 1):

Model 1 wasfitted to investigate the effects of rhythmic training on the standard
deviation of vocalic intervals (AV), which represents the overall variability in speech
rhythm. The fixed effectsincluded t i ne (pre-test vs. post-test), gr oup (control vs.
experiment), and their interaction (ti me * gr oup), which directly addresses RQL1 (i.e.,
whether changesin AV over time differ between groups). To address RQ2, three
individual difference variables, musical rhythmic perception (MET), working memory
(DS), and English proficiency (LexTALE), were entered as covariates. Most importantly,
arandom intercept for participant (1 | |1 D) wasincluded to account for individual
baseline variability in the repeated measures. As aresult, any changes observed over time
can be more confidently attributed to the training intervention, rather than to participants
specific characteristics.

The mode results are summarized in Table 9. Theti ne * gr oup interaction was not
statistically significant, indicating no significant difference from pre- to post-test between

the experiment and control groups. The main effect of ti me and of gr oup did not reach
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statistical significance either, indicating that both groups exhibited similar pronunciation
patterns across the pre- and post-test phases. But it is noticeabl e that the experiment
group showed higher overall AV values than the control group across both time points.
Moreover, none of the individual difference variables were significant predictors of AV
changes.

Random effects revealed that individual variability accounted for a substantial portion of
the total variance (intercept variance = 122.70, D = 11.08), with residual variance at
65.06 (SD = 8.07).

Predictor Estimate (b) SE df t p

(Intercept) 64.0219 16.346  33.4257 3.917 < .001***

Time (post) -1.6842  2.6169 36 -0.644 0.524

Group (experiment) 8.323  4.6063 45.382 1.807 0.077

MET 0.1676  0.2976 33 0563 0.577

DS -0.2825 1.0788 33 -0.262 0.795

LexTALE -0.2007  0.1702 33 -1.179 0.247

Time x Group 2 3.7009 36 0.54 0.592

Table 9 Results of Model 1 for AV

nPVI-V (Modd 2):

Model 2 was fitted to investigate the effects of rhythmic training on the normalized
Pairwise Variability Index of vocalic intervals (nPVI1-V). Model 2 used the same fixed
effects and covariates, as well as the same random intercept for participants as Model 1.
The only change was the outcome variable—nPV1-V.

Results are shown in Table 10. The interaction betweent i e and gr oup was statistically
significant, indicating that the experiment group demonstrated a greater pre-to-post
increase than the control group in nPVI1-V vaues. But the main effect of neither t i ne
nor gr oup was statistically significant. This suggests that the training effect was specific
to the experiment group and only emerged when considering how each group changed
over time.

Among the covariates, MET scores emerged as a significant predictor of nPVI-V. This
result suggests that participants with stronger rhythmic perception abilities tended to
exhibit greater durational variability in their vowel production, reflecting more obvious

stress-timed patterns when speaking L2 English. However, the other two abilities —
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working memory (DS) and English proficiency level (Lex TALE)— were not significant
predictors.

Moreover, random effects revea ed substantial individual variability in baseline nPVI-V
scores (intercept variance = 13.33, D = 3.65), with residual variance at 19.45 (SD =
4.41).

Predictor Estimate(b) SE t df p

Intercept 36.23 6.32 573 33.86  <.001***

Time (post) -2.32 1.43 -1.62 36 114

Group (experiment) -0.2 191 -0.11 55.84 916

MET 0.36 0.11 3.13 33 .004**
DS 0.42 0.42 1.01 33 322
LexTALE -0.03 0.07 -0.53 33 .598
Time x Group 4.63 2.02 2.29 36 .028*

Table 10 Results of Model 2 for nPVI

4.4. Comparison between Text Types (RQ3)

In addition to the conversational texts designed for pre-test, post-test and training phases,
a separate set of rhythmic texts was shown to participants during the rhy-test phase.
These rhythmic texts were designed to contain more explicit poetic and metrical cues
(e.g., iambic or trochaic patterns), offering an opportunity to explore whether different
textual environments influence learners’ production of English speech rhythm.

Since the rhy-test was introduced immediately after the post-test, comparison between
these two datasets offered the most controlled conditions in terms of timing and task
familiarity. Although the experiment group had received training before the rhy-test
(unlike the control group), both groups compl eted the rhy-test under comparable
conditions: at the same point in the study timeline, immediately after the post-test, and
without any additional instructions or feedback in between. By this stage, both groups
had become familiar with the task structure and had completed the MET task, potentially
gaining their rhythmic awareness. In contrast, comparing the rhy-test to the pre-test
would introduce confounding factors, such as order effects, task familiarity and practice

effects, which may have complicated the interpretation. Nevertheless, when interpreting
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the outcomes, it is important to consider the potential effect of the training received by
the experiment group.

In the following analysis, post-test data are labelled as Con (Conversational texts) and
rhy-test data are labelled as Rhy (Rhythmic texts), representing their text types. Asin
earlier analyses, the two acoustic metrics—AV and nPV1-V—were again employed to
help us assess the rhythmic patterns of learners’ L2 speech production.

4.4.1. Descriptive Statistics for the Influence of Text Types (Con vs. Rhy)
Descriptive statistics were calculated to provide a general insight into participants
rhythmic performance across text types. For AV (see Table 11 for data summary and
Figure 9 for visualization), the control group had lower scores in the conversational
condition than the rhythmic condition. The findings were similar for the experiment
group.

For the nPV1-V metric (see Table 12 and Figure 10), the same pattern was observed. The
nPV1-V values of both the control group and the experiment group were lower in the
conversational condition than in the rhythmic condition. Interestingly, though both groups
had similar mean nPV1-V vaues in the rhythmic condition, the control group’s scores
were alot higher in the rhythmic condition as compared to their conversational baseline
(i.e., their level of gains across two text types) than their experiment counterparts.

It is also noteworthy that, across both conditions, the experiment group consistently
demonstrated higher AV values than the control group. This trend may reflect initial
group differences in speech rhythm production, which will be further explored in the

Discussion section.

Group Mean (Con) SD (Con) Mean (Rhy) SD (Rhy)
Control | 51.3 141 739 15.0
Experiment | 60.4 14.8 80.6 17.3

Table 11 AV by group in two text types (Con vs. Rhy)
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Figure 9 Boxplot of AV by group in two text types (Con vs. Rhy)

Group Mean (Con) SD (Con) Mean (Rhy) SD (Rhy)
Control | 48.0 6.3 66.9 7.0
Experiment | 52.5 6.7 66.7 104

Table 12 nPVI-V by group in two text types (Con vs. Rhy)
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Figure 10 Boxplot of nPVI-V by group in two text types (Con vs. Rhy)
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4.4.2. Statistical Modelling for the Influence of Text Types (Con vs. Rhy)
Asdiscussed in section 3.5.3, an LMER was aso employed to analyse any possible effect
on the given text types. The two models (one for AV and one for nPVI-V) were as
follows:

Model 3 <- Iner(AV ~ text _type * group + MET + DS + lex_tale + (1
| D), data = AV _text)

Model 4 <- Inmer(nPVI-V ~ text type * group + MET + DS + lex _tale
+ (1| ID), data = nPVI-V_text)

Before interpreting the model results, key assumptions of the LMER analysis were
checked. Residual and Q—Q plotsindicated approximate normality and homoscedasticity

of residuals, suggesting that model assumptions were reasonably met.

AV (Modd 3):

To explore whether text types read by participants influenced their speech rhythm, Model
3 wasfitted with AV as the dependent variable. Fixed effectsincluded t ext _t ype (Con
vs. Rhy), gr oup (experiment vs. control), and their interaction (t ext _t ype * group).
Threeindividual difference variables: rhythmic perception ability (VET), working
memory (DS), and English proficiency (Lex TALE) were included as covariates to account
for inter-individual variability in rhythmic performance. A random intercept for
participant (1 | 1 D) wasincluded to control for repeated measures and individual
baseline differences.

Model results are presented in Table 13. No significant interaction was found between
text type andgroup, suggesting that the effect of text typeson AV did not differ
meaningfully across groups. However, there were significant main effects of both the
text type andgroup separately. These results suggest that, regardiess of group
differences, participants produced significantly greater AV values when reading rhythmic
texts compared to conversational ones, indicating greater durational variability in vowel
timing. Additionally, the experiment group consistently exhibited higher AV values
across both text types compared to the control group. Among the covariates, none of the

individual abilities emerged as significant predictors of AV values.
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Predictor Estimate (b) SE df t p

(Intercept) 83.82 17.73 33.35 4.73 <.001***
Text Type (Rhythmic) 22.63 2.56 36 8.84 < .001***
Group (Experimental) 12.13 4.92 43.15 2.46 .018*
MET 0.18 0.32 33 0.57 573
DS -1.31 117 33 -1.12 273
LexTALE -0.37 0.18 33 -2 .054
Text Type x Group -2.42 3.62 36 -0.67 .508

Table 13 Results of Model 3 for AV

nPVI-V (Mode 4):

Model 4 was fitted to examine the effects of text type and individual difference variables
on nPVI-V values. As shown in Table 14, the interaction betweent ext t ype and gr oup
was not significant, suggesting that the influence of text type on nPVI1-V did not differ
significantly between the experiment and control groups. But it is noteworthy that the
coefficient was negative, indicating that the control group may have shown slightly larger
gainsin rhythmic texts compared to the experiment group.

For the main effects, a significant main effect of text type was observed. Thisindicates
that participants in both groups produced significantly greater durational variability
between adjacent vowels when reading rhythmic texts compared to conversational texts.
Additionally, there was a significant main effect of group, with the experiment group
showing higher overall nPV1-V values across both text types. This suggests that,
regardless of the text condition, the experiment group produced speech with more stress-
timed characteristics, potentially reflecting the impacts of the training intervention they
received.

Among the covariates, the MET score emerged as a significant positive predictor of
nPV1-V, suggesting that |earners with better rhythmic perception skills tended to produce
more stress-timed patterns (higher nPV1-V) regardless of text type. Neither working
memory (DS) nor English proficiency (LexTALE) showed significant effects.
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Predictor Estimate (b) SE df t p
(Intercept) 46.77 8.18 33.93 5.72 <.001***
text_type (Rhythmic) 18.95 1.93 36 9.82 <.001***
group (Experiment) 5.27 2.51 57.33 21 .040*
MET 0.31 0.15 33 2.08 .045*
DS -0.02 0.54 33 -0.04 .968
LexTALE -0.13 0.08 33 -1.55 131
text_type x group -4.74 2.73 36 -1.74 .091

Table 14 Results of Model 4 for nPVI-V
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5. Discussion

The present study investigated the effectiveness of short-term rhythmic training on L2
English speech rhythm, with a particular focus on whether the intervention enables
participants to use the more stress-timed pronunciation pattern which is appropriate in the
L2. Two acoustic metrics (AV and nPVI-V) were used to quantify rhythmic variation.
Thefirst am (RQ1) was to determine whether rhythmic training would enhance learners
stress-timed rhythm in L2 English. The second aim (RQ2) explored whether individual
cognitive and linguistic abilities moderated speech rhythm performance. Additionally, the
influence of text types on L2 rhythmic performance was examined as a RQ3, addressing
an underexplored area due to limited prior empirical research.

Results showed that the experiment group had a statistically significant post-training
increase in nPV1-V values compared to the control group, which partially supports our
prediction for RQ1. Among individual abilities, the participants’ rhythmic perception
ability (measured by MET) emerged as a significant predictor of the performance of
stress-timed patterns (higher AV and nPVI-V), highlighting its role in speech rhythm
acquisition as predicted in RQ2. Interestingly, both groups demonstrated markedly
obvious stress-timed pronunciations when reading rhythmic material's, suggesting the
importance of explicit textual cuesin achieving target-like speech rhythm. This result
greatly supports the prediction of RQ3, showing that the type of text used in the
pronunciation task can meaningfully shape learners' speech rhythmic patterns.

The discussion part is organized as follows: First, the effect of the training intervention is
addressed, with further consideration of learners' reported strategies and the role of
guided instruction versus rote practice. Then, individual differences, especially the impact
of rhythmic perception skills, are illustrated. Following individual differences, the role of
text types on L2 rhythmic production is discussed, providing insights into how rhythmic
texts function in L2 learning contexts. The final two parts point out some limitations and

pedagogical implications of this study.

5.1. The Effectiveness of Short-term Rhythmic Training (RQ1)

Models 1 and 2 addressed RQ1 by comparing pre- and post-test results between the
control and experiment groups, using two acoustic metrics of vocalic interval variability:
AV (Model 1) and nPVI-V (Model 2). These two models tested whether short-term
rhythmic training led to more stress-timed rhythmic patternsin L2 English speech.
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The findings of Model 1 do not support the hypothesis. The interaction betweent i me
and gr oup was not statistically significant, suggesting that the training did not lead to
measurable changesin AV values. In contrast, Model 2 revealed a significant

ti me* gr oup interaction, indicating that the experiment group exhibited a greater pre-to-
post increase in nPV1-V values than the control group. In other words, participantsin the
experiment group (who received training) showed a marked increase in nPVI1-V values
from pre- to post-test, suggesting improved durational variability in vocalic intervals,
which supports the effectiveness of rhythmic training intervention. As stated in previous
research (e.g., Grabe & Low, 2008; Ling et al., 2000; Mok & Dellwo, 2008), increased
durational variability between adjacent vowels is a defining characteristic of more stress-
timed rhythmic patterns (such as English) compared to those syllable-timed ones (such as
Mandarin). And the post-training increase in nPV1-V among participants who received
training suggests a shift from L 1-like syllable-timed patterns toward more L 2 target-like,
stress-timed pronunciation.

These findings not only reinforce existing literature but also extend previous research in
L2 rhythm acquisition. For example, Wang et a. (2016) found that |earners produced
more stress-timed patterns when reading aoud synchronously with rhythmic beats, which
were automatically generated to match the rhythm of the given text via the MusicSpeak
system. However, their study focused exclusively on immediate, in-training effects and
did not assess whether such rhythmic gains persisted beyond the imitation (training)
context. By incorporating a post-test, the current study addresses this gap and
demonstrates the persistence of this rhythm-based improvement. This suggests that short-
term rhythmic training has the potential to produce effects beyond the intervention.
Furthermore, the focus of rhythm and rhythm-based training in the current study
complements existing research on instructional approaches to pronunciation
improvement. For example, Zhang and Y uan (2020) compared the effect of segmental-
based and suprasegmental-based pronunciation instruction, stating that suprasegmental
features, such as rhythm, stress, and intonation, significantly enhanced learners overall
speech comprehensibility. However, the broad scope and general instruction in their
study made it difficult to isolate the contribution of individual features. The current study
addressed this limitation by targeting rhythm specifically and evaluating its impact

independently. The significant results not only support the beneficial role of
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suprasegmental instruction but also offer more detailed evidence of how the rhythm-
based training can be implemented in L2 pronunciation learning.

In addition, the findings align with the pedagogical arguments made by Tuan and An
(2010), who advocated for the use of songsin English teaching. Their review emphasized
that songs promote both the perception and the production of rhythm, potentially leading
to developments in pronunciation. Since rhythm is a core component of songs, the
effectiveness of rhythmic training observed in the current study echoes their claim that
“the use of songsin the classroom stimulates the individual sounds and also promotes
(speech) rhythm aswell” (Tuan & An, 2010, p. 24).

However, though two acoustic indices were applied in this study, only the nPVI-V
showed a statistically significant time and group interaction and supported the
effectiveness of the training intervention. While both AV and nPVI-V quantify variability
in vowel durations, AV failed to revea any significant effects. This could be dueto its
limitations as a metric of speech rhythm. As previously noted, AV captures overall
variability in vowel duration but does not reflect the temporal sequencing between
adjacent vowel intervals. Together with its susceptibility to fluctuations in speech rate,
these limitations may jointly reduce its reliability and stability as a measure of speech
rhythm (White & Mattys, 2007). Reflected in the descriptive data shown in Table 7 and 8,
the standard deviations for AV were notably larger than those for nPVI-V. While this
could partly suggest greater measurement instability in AV, it may also reflect overall
variability in participants performance captured by this metric. This observation aligns
with previous research assessing different rhythmic metrics that highlights two drawbacks
of the AV measure (Barry et a., 2003.; Dellwo & Wagner, 2003; White & Mattys, 2007).
Thefirst key issueisthat AV measures the raw variability in the duration of vocalic
intervals without accounting for overall speech rate (Barry et a., 2003.; Dellwo &
Wagner, 2003; White & Mattys, 2007). As White and Mattys (2007) pointed out, thereis
“an inverse correlation between speech rate and the score for standard deviation” (p. 14).
Thisinverse correlation means that faster speech might have lower AV values compared
to the dower style due to the overall lower duration. Given that participantsin this current
study were exposed to identical materials in both test phases (pre- and post-test) and were
likely to get familiar with the task over time, they were expected to read faster in the post-
test. Thiswas especially true for the control group, who did not experience training.

The second limitation of the AV measure isitsinsensitivity to the temporal ordering of

duration. In other words, AV ignores the order in which vowel sounds appear in speech
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but just focuses on how varied the lengths of al the vowels are. Thisdrawback is
especially problematic when employing AV to distinguish between stress-timed and
syllable-timed rhythm languages. Thisis because stress-timed rhythm is perceived
through alternating strong—weak timing relations between adjacent segments (refersto
vocalic intervalsin this study), which might not be captured by the AV measurement. To
illustrate this, consider one of the test utterances from the present study: “ Tell me how to
get to the library from here.” Imagine two participants, A and B. Participant A possesses
stress-timed rhythmic awareness and produces the utterance with alternating strong—weak
patterns: TELL me HOW to GET to the LIbrary from HERE. Participant B, lacking such
rhythmic sengitivity, produces the first half of the sentence with stressed vowels of longer
duration, followed by a sequence of unstressed vowels: TELL ME HOW TO GET to the
library from here. Even though these two pronunciation patterns are perceptually distinct,
their AV values could be the same if the overall variability in vowel durationsis
coincidentally similar.

Unlike AV, nPVI-V considers both the timing between each pair of vowels and
differences in speech rate. In simpler terms, nPV1-V measures how those vowel lengths
change from one to the next, making it more efficient in capturing the alternating strong-
weak patterns that are typically observed in more stress-timed languages like English.
Because of this sensitivity to temporal sequences and rate normalization process, nPV1-V
is considered a more robust and informative measure of speech rhythm than AV.
Therefore, for researchers examining the effects of rhythm-based training or changes in
speech rhythm, pairwise metrics such as nPVI are recommended over measures like
standard deviation.

5.1.1. Observations on Guided Training vs. Rote Practice

An interesting pattern emerged from the descriptive data from the pre- and post-test (see
Table 7 and Table 8). For both AV and nPV1-V metrics, the control group exhibited a
slight decrease in mean values from the pre-test to the post-test phase (AV: from M =
53.0to M =51.3; nPVI-V: from M = 50.3 to M = 48.0). Although these changes were not
statistically significant, they suggest a possible trend toward reduced variability in vocalic
intervals, potentialy reflecting a shift away from stress-timed rhythmic features among
the control group in the post-test phase.

Asdiscussed earlier in Section 5.1, the declinein AV values may be attributed to the
increasing familiarity with testing materials. In other words, participants read more
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fluently, leading to afaster speech rate during the post-test. Because AV is sensitive to
speech rate, such speed changes might result in smaller variability scores. However, for
the nPVI-V metric which has been normalized, changes in speech tempo would not lead
to similar fluctuation. One possible interpretation is that the control group, by repeatedly
practicing the same texts, may have reinforced their habitual rhythmic patterns from pre-
test to post-test. As there was no training between the two phases, the control group might
have treated the two tests as purely identical. When reading the same material the second
time, they might have produced the sentences more naturally and employed their familiar
rhythmic patterns. For most L2 English speakers in the current study, these patterns
would be more syllable-timed due to the influence of their L1, Mandarin. Therefore,
without explicit instruction, the control group’s unguided repetition may have
inadvertently deepened their L 1-influenced rhythmic habits, rather than promoting their
targeted-like stress-timed L 2 patterns.

However, thisinterpretation of the AV valuesis speculative, as it was based solely on
descriptive trends. Further empirical research directly comparing rote practice and guided

instruction is necessary to strengthen this inference.

5.1.2. Strategy Use (from follow-up questionnaire)

Participants in the experiment group showed a general increasing trend in nPV1-V values
following the training intervention. Based on this finding, a new question emerged about
how learners engaged with the training task. Previous studies have suggested that rhythm-
related behaviors, such as hand-clapping, beat gestures, can facilitate L2 performance
(Baillset a., 2018; Llanes-Corominaet al., 2018). In order to capture any strategy that
participants applied during the intervention, afollow-up questionnaire was presented
immediately after the training session to all participants in the experiment group (n = 19).
Table 15 summarizes the main strategy type reported, along with examples and their
frequency of mention.
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Strategy type Examples Frequency

Repetition “Repest silently/loudly” 12
Physical gesture “Tapping, clapping, stomping”
Following the recording “Following the provided audio”
“Mimic audio”
Rhythm awareness “Guess the beat” 3
“Feel the rules’
No explicit strategy “No strategy” 2

Table 15 Strategies used during training

Most participants reported repetition as the primary strategy. Although often viewed as
basic, repetition is a powerful but underestimated tool in language learning (Mattys &
Baddeley, 2019). Without enough repetition and practice, learners are unlikely to
consolidate phonological patterns or progress toward more advanced forms of speech
production. The second most frequently mentioned strategy was using physical gestures,
such as tapping the table, clapping hands, or stomping feet. These movements serve to
externalize and reinforce auditory structures. This resonates with prior studies, which
have stated that the mapping of speech timing and physical movement is effectivein
language learning (Baills et al., 2018; Llanes-Corominaet al., 2018; Tierney & Kraus,
2014). Surprisingly, asmall number of participants employed more advanced strategies
such as guessing the rhythmic besats or trying to capture rhythmic rules. This rhythmic
awareness reflects their metacognitive engagement with the training intervention.
Moreover, two participants reported using ‘ no strategy’ . But this does not necessarily
imply passive learning or alack of metacognitive awareness during the training. These
participants may have engaged in an unconscious learning process but need more explicit
guidance to realize the strategies they used.

Though not the focus of the research questions, this questionnaire may help explain why
the experiment group showed greater gains in stress-timed rhythmic patterns, particularly
among those using movement-based and metacognitive strategies. Moreover, the findings
of this questionnaire suggest potential pedagogical implications regarding the integration
of strategy instruction into pronunciation training. These implications will be further

discussed in the implications section.
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5.2. Role of Rhythmic Perception Skills in Speech Rhythm Acquisition
(RQ2)
The current findings provide meaningful insights into how individual abilitiesinfluence
L 2 speech rhythm acquisition, with particular emphasis on learners’ rhythmic perception
skills (measured by MET). In Model 2, the significant effect of MET on nPVI-V
outcomes was found, offering partial support for RQ2, suggesting that greater rhythm
sensibility may enhance learners acquisition of speech rhythm. Therefore, among the
three variables (working memory, English proficiency level, and rhythmic perception),
only the rhythmic perception ability emerged as a consistent factor in shaping learners
production of stress-timed patterns in English. In other words, regardless of group
differences and textual environments, participants with higher MET scores demonstrated
greater durational variability in their vocalic intervals, which is the defining feature of
stress-timed rhythmic patterns.
This finding resonates with previous studies that have established the link between
musical aptitude and better L2 phonological |earning outcomes (Posedel et al., 2012;
Milovanov et al., 2008, 2010). For example, Posedel et a. (2012) found pitch perception
to be asignificant predictor of L2 Spanish pronunciation quality. Milovanov et al. (2008,
2010) reported that higher musical aptitude was closely associated with better English
pronunciation for both children and adults. The present study extends prior research by
isolating rhythmic perception as part of music aptitude and demonstrating that this skill
greatly facilitates the L2 speech rhythm learning process.
In contrast, working memory and English proficiency did not significantly influence
rhythmic acquisition in the current study. Regarding the language proficiency, the
nonsignificant effect might be attributed to the characteristics of the sample group. All
participants were advanced English learners with more than 10 years of learning
experience, leading to minimal variability in proficiency level and possible ceiling effects
in LexTALE results. Asfor working memory, though its association with various L2
abilities has been widely explored (Darcy et a., 2015; Mattys & Baddeley, 2019), its
specific role in music-based L2 pronunciation training remains underexplored. Findings
in existing literature are mixed: some suggested that auditory working memory mediates
the relationship between musical aptitude and L2 outcomes (e.g., Herreraet al., 2011),
while others did not find supportive evidence (e.g., Posedel et a., 2012). And studies that
reported significant associations between working memory and L2 performance (Darcy et
a., 2015; Mattys & Baddeley, 2019) often employed complex span tasks (such as L2
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sentence recall tasks), which assess both storage and processing components of working
memory. In contrast, this present study only used a simple digit span task, which may not
be sensitive enough to capture the potential relationships between working memory and
L2 pronunciation learning.

In sum, the positive role of rhythmic perception skillsin this study strengthens the
pedagogica importance of rhythm-related activities and instruction. Even without explicit
training, learners with stronger rhythm sensitivity reacted more effectively to rhythmic
cues and generally conveyed better L2 English pronunciation performance (stress-timed

rhythmic patterns).

5.3. Influence of Text Type on Rhythmic Production (RQ3)

Models 3 and 4 addressed RQ3 by comparing participants’ speech production across two
text types: conversational and rhythmic. The results support the prediction that text type
significantly influences L2 learners’ English speech rhythm. Specifically, participants
produced more stress-timed speech, as reflected in higher nPVI-V and AV values, when
reading rhythmic texts compared to conversational ones. Thisfinding aligns with earlier
pedagogical-based proposals that poetic or rhythmically structured texts can enhance
learners rhythmic awareness (e.g., Finch, 2003; Ariningsih, 2023). It provides empirical
support for the theoretical argument that poetic forms may benefit developing rhythmic
sengitivity in L2 learners. The significant effect of text type, together with its alignment to
the prior literature, provides a direction for further research on how the textual
environment influences L2 pronunciation devel opment.

Based on the present findings and existing research, two main factors may explain why
rhythmic texts facilitate more stress-timed pronunciation. The most direct oneisthe
presence of explicit rhythmic cues embedded within the utterances, such as trochaic and
iambic structures. This explanation is supported by Ariningsin’s (2023) systematic
review, which emphasized the inherent suprasegmental features like stress and timing in
poetic texts.

The second explanation relates to the design of the rhythmic materials. The six rhythmic
utterances were sequenced in a progressive format, with the first two sharing atrochaic
pattern and the remaining four following an iambic-like structure. This repetition may
have helped learners detect recurring rhythmic patterns during the task. Even if the
rhythmic cues were not immediately noticed in the initial utterances, the repetition of
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similar items might have promoted implicit pattern recognition (Mattys & Baddeley,
2019).

Interestingly, though the main effect of t ext type wasrobust across Model 3 and 4, the
interaction betweent ext t ype and gr oup (experiment vs. control) was not significant.
Moreover, the negative estimate values indicated that the control group showed a greater
‘boost’ in stress-timed patterns than the experiment group from conversationa to
rhythmic texts. One plausible explanation for this trend liesin the baseline difference
between groups. Specifically, the experiment group had aready shown higher rhythmic
variability (both in AV and nPV1-V) in the conversational condition (represented by post-
test data), leaving less room for further improvement when transitioning to the rhythmic
condition (i.e., ceiling effect). However, it isimportant to emphasize that these
differences between groups cannot be attributed to the training intervention. Thisis
because the statistical analysesin Models 3 and 4 were cross-sectional and did not
account for repeated measures across time points, limiting any causal interpretation
related to the training effect.

In sum, even without explicit instruction, learners’ rhythmic awareness can be triggered
through the specific textual environment, leading to the pedagogical potential of

incorporating rhythmically rich textsinto L2 teaching contexts.

54. Limitations
Three methodological limitations in the current study should be noted, as they may

influence the interpretation and generalizability of the findings.

First, the relatively small sample size (n = 38) limits both statistical power and the
generalizability of the results. With fewer participants, random variability can have a
greater influence, meaning that patterns observed may be shaped by some participants
rather than reflecting broader trends. In the present study, although recruitment targeted
adults, most participants were aged 2035, so the results may not represent the wider
population of L2 English learners. The small sample aso constrains the ability to detect
smaller but potentially meaningful effects. Nonetheless, as an exploratory study designed
to trial original rhythmic training materials, the primary goal of this study was not to draw
definitive conclusions, but to explore promising directions and lay the groundwork for
future, replicable research in thisfield.

Second, no delayed post-test was included in the experimental design, meaning the
persistence of L2 rhythm learning outcomes could not be assessed. Although efforts were
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made to maximize the timeinterval between test phases, the pre-test and post-test were
still conducted within a single 40-minute session. Furthermore, the use of fully identical
materials across both tests, together with the short time gap, may have introduced
familiarity effects, potentially leading to improvements driven by repetition rather than by
the training intervention. Despite these limitations, this approach was the most feasible
option given the practical constraints of the study, such as time restrictions and the lack of
funding for participant recruitment or extended testing sessions.

Third, the study lacked a direct comparison across conversational and rhythmic texts over
time. Conversational texts were used in both the pre- and post-tests, whereas rhythmic
texts were introduced only after the post-test. This design was intended to avoid pre-
exposure to explicit rhythmic cues that might interfere with training effects. However, the
design choice limits the possibility of comparing L2 performance in the rhythmic-text
context at different time points. Future research could adopt alongitudinal design with a
longer interval between test phases to minimize familiarity effects. Within the extended
time frame, researchers can then combine rhythmic texts with conversational ones into
both pre-test and post-test materials, allowing a more balanced within-subject comparison

of how text type interacts with training outcomes.
5.5. Pedagogical Implications

Despite the listed methodological limitations, this study provides empirical evidence that
rhythmic training can enhance L2 English stress-timed rhythmic patterns. These findings
suggest several practical applications for teachers, curriculum developers, and material

designers.

Integrating rhythmic training into pronunciation instruction. For L2 language
teachers, especially those working with learners whose L1 rhythm differs substantially
from thetarget L2 (e.g., syllable-timed Mandarin vs. stress-timed English), it isimportant
to address rhythm as a key component of pronunciation. The current study indicates that
even short-term rhythmic training can help learners shift from more syllable-timed
toward more stress-timed patterns. Teachers could incorporate similar training into
classroom activities or supplementary sessions to raise students awareness of speech

rhythm.

Employing rhythm-related strategies to enhance engagement. In addition to
structured rhythmic training, other rhythm-related strategies, such as rhythmic perception
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activities and the use of physical gestures, can be integrated into lessons to promote both
pronunciation performance and learner engagement. This study found that rhythmic
perception skills were associated with better stress-timed production, suggesting that
musical activities, particularly those with strong rhythmic elements, could be embedded
in curricula or serve as extracurricular workshops. Strategies, such as using body
movements (e.g., clapping, tapping) to embody speech rhythm, can be introduced in
classroom settings. While teachers can also prompt students to create their own
movements to accompany spoken tasks, material designers can include guidance on

gesture integration in textbooks or teaching resources.

Using rhythmic and poetic textsin pronunciation teaching. Although poetry is
commonly used in writing instruction (e.g., Finch, 2003), its potential in pronunciation
teaching remains underexplored. The present study found that learners produced more
target-like rhythmic patterns when reading rhythmic texts than conversational ones,
regardless of the training condition. This suggests that rhythmic and poetic materials may
inherently support the learning of stress-timed patterns. Curriculum designers could
therefore incorporate a great variety of rhythmic texts, such as poetry and lyrics, into
pronunciation teaching materials. Getting exposed to such texts, learners’ rhythmic

awareness may be raised unconsciously.
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6. Conclusion

This study investigated the effectiveness of short-term rhythmic training in enhancing L2
English speech rhythm, aswell as the role of individual differences and the influence of
text type in this language learning process. Participants were assigned to experiment and
control groups, with only the experiment group receiving short-term rhythmic training.
Speech rhythm was assessed through pre- and post-tests using conversational texts. Asa
follow-up, a separate rhythmic text test was conducted after the post-test.

Findings showed that rhythmic training significantly improved stress-timed rhythmic
patterns in L2 English when measured by the nPVI-V metric, but not by AV. Rhythmic
perception skills emerged as a crucial predictor of rhythmic training outcomes, whereas
working memory and English proficiency level did not show significant effects. Text type
was also found to influence L2 learners’ speech performance, with rhythmic texts
facilitating more stress-timed patterns than conversational ones.

Overall, the results of this study provide empirical support for the integration of short-
term rhythmic training and rhythm-rich materials in L2 pronunciation teaching. Future
longitudinal research with replicable designsis needed to further explore the role of
rhythm and its interaction with individual learner variablesin L2 English pronunciation

learning and teaching.
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Appendice

Appendix 1—The full list of pre-test and post-test materials (16 utterances in

randomized order)

I’ll have sushi.

I’ll have gulash.

I’ll have spaghetti.

I'll have pepperoni.

How much is this sweater?
How much is this baseball?
How much is this pair of pants?

How much is this bag of socks?

© 0o N o 0 b~ W DN

To the library from here...

10. To the bus station from here...

11. How to get to the library from here?

12. How to get to the bus station from here?

13. Tell me how to get to the library from here?

14. Tell me how to get to the bus station from here?

15. Can you tell me how to get to the library from here?

16. Can you tell me how to get to the bus station from here?
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Appendix 2—The full list of training materials (32 utterances)

*Utterances with (T) were for the training section only
Section 1:
four beats
1. I’ll have sushi.
2. I'll have gulash.
3. I'll havetacos. (T)
4. 1'll havecurry. (T)
Five beats
5. I'll have spaghetti.
6. I'll have pepperoni.
Six beats
7. I’'ll have ahamburger. (T)
8. I'll have acranberry. (T)
Section 2:
Six beats
1. How much isthis sweater?
2. How much is this skateboard? (T)
3. How much is this baseball?
4. How much isthisjacket? (T)
Seven beats
5. How muchisthispair of pants?
6. How much isthiswall of hats? (T)
7. How much isthis bag of socks?
8. How much isthisrack of shirts? (T)

Section 3:
Seven beats
1. Tothelibrary from here...
2. Tothe bus station from here...
3. To the shopping mall from here... (T)
4. To the post office from here...(T)
Ten beats

5. How to get to the library from here...



6. How to get to the bus station from here...
7. How to get to the shopping mall from here...(T)
8. How to get to the post office from here...(T)
Twelve beats
9. Tell mehow to get to the library from here...
10. Tell me how to get to the bus station from here...
11. Tell me how to get to the shopping mall from here... (T)
12. Tell me how to get to the post office from here...(T)
Fourteen beats
13. Can you tell me how to get to the library from here?
14. Can you tell me how to get to the bus station from here?
15. Can you tell me how to get to the post office from here? (T)
16. Can you tell me how to get to the shopping mall from here? (T)

Appendix 3—The full list of rhy-test materials (six utterances)

1. Sticksand stones are never gonna shake me.
Winds and waves will never try to break me.
The moon is bright, the stars are high.

They shine so soft across the sky.

They watch the world so big and wide.

o g bk~ W N

They follow dreams where wishes hide.
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Appendix 4—Questionnaires (before pre-test/after training intervention)

L anguage L ear ning Experience Questionnair e (before pre-test)

Thank you for participating in this experiment. Your responses will help us better
understand your background and English language use. Please answer the following
guestions as accurately as possible.

1. Age
years old

2. Gender:
O Male
O Female
0 Non-binary
[ Prefer not to say

3. How long have you been lear ning English?
years

4. At what agedid you first start learning English?
Age:

5. Whereareyou currently based?
Country:

6. How long have you lived in an English-speaking country (in total)?
O | have never lived in an English-speaking country
] O-1 year
] 1-3years
146 years
OO0 More than 7 years

For the questions below, please consider your habits in recent months.

7. How often do you listen to English (e.g., conver sations, media, audio)?
L1 Never
0 Not very often
O Sometimes
I Quite often
O All thetime

8. How often doyou read in English (e.g., texts, websites, books)?
L1 Never
] Not very often
[0 Sometimes
1 Quite often
O All thetime
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9. How often do you speak English (e.g., in conversations, presentations, class)?
L1 Never
0 Not very often
0 Sometimes
I Quite often
O All thetime

10. How often do you write in English (e.g., messages, emails, assignments)?
L1 Never
[0 Not very often
O Sometimes
I Quite often
O All thetime

follow-up question (after training intervention for the experiment group)

For the activity just now (the one you heard beats and sentences), what strategies do you
use during the process?

(For example: clapping hands or tapping the table to create your own beats, reading or
repeating the sentences out loud while following the recordings, etc.)

*If you did not use any specific strategy, please write "no strategy."

Answer:
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