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Abstract
Recent research has shown that music interventions involving body movements are beneficial for reinfor-
cing music learning. Given the reported positive transfer between music training and phonological skills,
we investigated, for the first time, the value of an embodied music training program for improving pro-
nunciation skills. In a classroom experiment, 48 Chinese adolescent learners of English participated in
three 40-minute sessions of either Dalcroze-inspired embodied music training or treatment-as-usual
non-embodied music training. Participants in the embodied music group were involved in a series of
activities designed to develop their rhythmic and melodic skills through bodily experiences. Participants in
the non-embodied music group followed music lessons designed by their music teacher, appreciating
music pieces and receiving music knowledge. Before and after training, participants were tested with a
language imitation task using six unfamiliar languages and an oral reading task in second language
English. Results show that the embodied music group significantly outperformed the non-embodied
music group in both tasks. Overall, our findings suggest that an embodied music training program has
beneficial effects on pronunciation skills, supporting an embodied-based language teaching approach.

1. Introduction

In second language (L2) classrooms, teachers tend to view the use of music as a teaching instrument
favorably (e.g., Ajibade & Ndububa, 2008; Engh, 2013). In recent decades, scholars have suggested that
using music and songs in the language classroom can trigger an increase in both students’ language
learning and motivation (e.g., Lo & Li, 1998). Particularly in the case of teaching L2 pronunciation, L2
teachers frequently use embodied rhythmic activities such as clapping and tapping to teach syllabifi-
cation, word stress, and sentence rhythm (Smotrova, 2017). There is evidence that embodied engage-
ment triggers beneficial effects on natural cognitive development (e.g., Wellsby & Pexman, 2014) and
is especially relevant in education (e.g., Ionescu & Vasc, 2014; Macedonia, 2019; Shapiro & Stolz,
2019). Notably, embodied learning has been proven useful for enhancing different linguistic abilities
(e.g., Kiefer & Trumpp, 2012; Madan & Singhal, 2012).

The positive experience of the use of embodied musical activities in the L2 classroom contrasts with
the paucity of experimental evidence regarding the effectiveness of these activities in improving L2
pronunciation. Moreover, despite the positive relationship between music and phonological language
skills (see Chobert & Besson, 2013 for a review), there is still very little empirical evidence regarding
the role of musical interventions involving listening to and moving with instrumental music without
any speech input in the target language on phonological learning (but see François et al., 2013). To our
knowledge, no previous study has assessed the specific contribution of a non-linguistic embodied
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music training program (i.e., involving only instrumental music and unrelated to any language task) to
the phonological productive abilities of non-native language learners. The present study focuses on
addressing this gap by assessing whether a Dalcroze-inspired embodied music training program,
involving playful exercises that couple body movements with the perception of music rhythm and mel-
ody, can boost speech imitation skills and L2 English oral reading skills. Following the hypothesis that
perceptive and productive phonological skills can be transferred between music and language (e.g.,
Besson & Schön, 2001; Besson et al., 2015; Christiner & Reiterer, 2013, 2015; Milovanov et al.,
2008), and recent claims surrounding the benefits of the embodied music cognition paradigm on
music learning, which states that music cognition is strongly determined by corporeally mediated
interactions (Leman et al., 2018), we hypothesized that an embodied music intervention involving
motor-based rhythmic and melodic activities might trigger beneficial effects on speech production
skills. Importantly, we assessed whether a transfer effect or a causal effect on speech production skills
may take place when training musical rhythmic and melodic skills.

1.1 Similarities between music and language

While on the surface, music and language may seem to be two distinct human abilities, research has
highlighted the strong similarities between the two domains, and at different levels of analysis (e.g.,
McMullen & Saffran, 2004; Patel, 2003, 2010; Patel et al., 2006). Acoustically, both music and language
are organized temporally, with sounds unfolding in time along melodic and rhythmic patterns (e.g.,
Patel, 2003; Patel et al., 2006). In a review article, Schön and Morillon (2019) emphasized that both
speech and music can be characterized as multi-timescale structured signals, involving a hierarchical
organization. That is, while during speech, segmental and syllabic units are organized into larger units
that typically involve prosodic components (Giraud & Poeppel, 2012); in the case of music, musical
notes are organized into a rhythmic and melodic structure that incorporates meter, scale, and har-
mony (Vuust & Witek, 2014). From a developmental perspective, several studies have demonstrated
that infants under one year of age can identify both linguistic and musical patterns by detecting
sound properties, such as a pitch decline or the lengthening of a final note, which are key in marking
structural boundaries (Patel, 2010; Saffran et al., 2006).

Research in the field of neuroscience has also found similarities between music and language (e.g.,
Besson & Schön, 2001; Peretz et al., 2015). Brain imaging studies have shown that for both adults and
children (Perani et al., 2010; Schön et al., 2010), some specific regions of the brain (e.g., primary audi-
tory regions, and secondary auditory regions) are activated simultaneously upon hearing and under-
standing words or listening to musical scales, as well as by auditory imagery processes and access to
melodic representations (see Besson & Schön, 2001 for a review). Ogg and Slevc (2019) point out that
there is strong evidence for neural overlap between music and language, and cross-domain plasticity in
the brainstem and the auditory cortex, but less apparent evidence at a higher level of processing, which
seems to be specialized and influenced by other domains and cognitive functions.

One of the theories that supports the idea that non-linguistic music training can drive cross-
domain plasticity in speech processing networks is the OPERA hypothesis (see Patel, 2011, 2012,
2014). According to Patel, the OPERA hypothesis is designed to explain the cross-domain plasticity
that exists between music training and speech processing. The hypothesis predicts that the benefits
of music training on speech processing can happen when the following five conditions are met: over-
lap, precision, emotion, repetition, and attention. Under these conditions, a transfer of skills between
music and language will take place.

1.2 Music and phonological skills

Research in recent decades has shown that musical expertise, musical aptitude, and musical training
have a positive effect on phonological receptive skills (see Besson et al., 2015; Chobert & Besson, 2013
for reviews) and speech imitation skills (Christiner & Reiterer, 2013, 2015).
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When investigating musical expertise, Besson and colleagues found that instrumentalist musicians
have higher speech perception capacities than non-musicians, particularly in relation to the perception
of rhythm and pitch and the identification of lexical tones (Besson et al., 2007; Magne et al., 2006;
Marie et al., 2011). For instance, Magne et al. (2006) showed that musician children with more
than three years of training playing an instrument outperformed non-musician children in detecting
pitch violations in both the final notes of musical phrases and the final words in sentences. Regarding
phonological production, Christiner and Reiterer (2015) showed that the musical expertise of both
instrumentalists and singers played a facilitative role in sentence imitation tasks of an unknown lan-
guage and an L2. Interestingly, this study showed that within a group of professional musicians, sing-
ers obtained even higher scores than instrument players, most likely due to their extensive vocal
practice.

In the case of musical aptitude, it has been shown that higher musical perceptive abilities in both
young and adult populations are related to better phonological and reading skills, such as detecting
prosodic violations, more accurately perceiving and producing speech in a foreign language, and
improving spoken or written language deficits (see Milovanov et al., 2008 for a review). In relation
to reading abilities, Strait et al. (2011) tested the first language (L1) reading skills of children and
found that, regardless of music experience, children who obtained higher scores in a musical aptitude
test performed better in silent reading, auditory memory, and attention tasks. Slevc and Miyake (2006)
found that the music perception abilities of Japanese speakers predicted perceptive and productive
phonological abilities in their L2 (English) when factors such as language exposure and working mem-
ory capacities were controlled for. A recent study showed that the music perception abilities of native
Catalan speakers can also predict their speech imitation skills in a variety of unknown languages (Li
et al., 2022).

Regardless of musicianship or musical aptitude, music training has been shown to enhance percep-
tive phonological abilities (e.g., François et al., 2013; Linnavalli et al., 2018). A number of neurolinguis-
tic studies have tested the OPERA hypothesis and given more support to this argument. Superior
scores in skills such as speech-in-noise discrimination (Hennessy et al., 2021), auditory novelty detec-
tion (Chobert et al., 2014), and pitch discrimination (Moreno et al., 2009; Tervaniemi et al., 2005) have
been positively correlated with the participants being musicians or having undertaken intense musical
practice. Compared with studies on musical aptitude that are mainly based on correlational analyses,
studies on musical training typically involve short- or long-term training programs. Interestingly, the
results of a two-year training study with eight-year-old children showed enhanced segmentation skills
when discriminating four trisyllabic pseudo-words in children who followed musical training, com-
pared with those who undertook painting training (François et al., 2013). A long-term educational
intervention in a kindergarten added evidence in favor of music education benefitting the develop-
ment of linguistic skills; Linnavalli et al. (2018) found that a two-year playschool program involving
weekly music activities (such as singing, playing simple instruments, body percussions, along with lis-
tening and moving to music) contributed to children’s phoneme processing and vocabulary learning,
compared with those children who did not attend such lessons. Importantly, previous studies on
music training have focused on its positive effects on perceptual phonological abilities, although, to
our knowledge, no previous studies have investigated the effects of transfer between music training
and phonological skills from a production perspective (see Schön & Morillon, 2019 for a review).

1.3 Embodied music training and musical skills: The embodied music cognition paradigm

When listening to music, both adults and children tend to naturally engage with it physically and per-
form body movements (such as head bobbing, foot-tapping, swaying, or more elaborate movements)
that typically follow the rhythmic and/or the melodic properties of the musical piece (Janata et al.,
2012; Zelechowska et al., 2020). Music can even influence natural body movements such as walking
(Styns et al., 2007). Some motion capture studies (e.g., Gonzalez-Sanchez et al., 2018) have demon-
strated that even when participants are forced to stand still, music provokes spontaneous body
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movements, such as swaying to the beat of music, which, for example, often lead to significantly more
head movements (e.g., head nodding).

In the last two decades, embodied music cognition has become an influential paradigm within
music research (see Leman, 2007 for a review). An earlier praxial approach to music education pro-
posed by Elliott (1995, 2005) also emphasized the use of bodily engagement and active practice.
According to Leman et al. (2018), the cognitive processing of music is based on corporally mediated
interactions. Several studies have shown how the engagement of body movements with music can
enhance rhythm perception in music (e.g., Manning & Schutz, 2013; Su & Pöppel, 2012). We
adopt an embodied music training approach that emphasizes the positive role of coupling bodily
movements with music to enhance musical skills, by integrating sensory, motor, and cognitive
processes.

Previous studies have also shown the benefits of involving body movements (both part- or whole-
body movements) in music education, using the Dalcroze approach (see Juntunen, 2020 for a review
and for a set of practical ways to enhance embodied learning in music). Émile Jaques-Dalcroze was a
Swiss composer, musician, and music educator who developed the Dalcroze Eurhythmics approach: a
multisensory music training approach involving aural, visual, tactile, and muscular senses aimed at
developing and improving target skills that are vital to a competent musician, such as a sense of
rhythm or finesse of hearing (Juntunen, 2016).1 Typically, the exercises used in a Dalcroze teaching
sequence include functional (e.g., showing the height of pitch with the hand), rhythmic, creative, dra-
matic, and dance exercises. The repertoire of musical body movements ranges from simple move-
ments, such as walking, turning, and running to starting-and stopping games, expressing music
with fingers, hands, or arms, moving to the beat, and includes activities with tools, such as hoops,
balls, or scarves.

In the field of music education, studies have provided empirical evidence for the supporting role of
Dalcroze-inspired interventions involving body movements in the boosting of music skills (e.g.,
Leman, 2007; Leman et al., 2018). Reflecting on her own experience, Larsen (2016) showed that the
Dalcroze approach was effective for strengthening her understanding of rhythm and harmony, and
for improving her performance as a professional pianist. The implementation of the Dalcroze meth-
odology may help music students improve their musical abilities, improvisation, expressive perform-
ance, as well as increase enjoyment, creativity, self-confidence, and risk-taking (e.g., Daley, 2013;
Juntunen & Hyvönen, 2004; see also Sedar, 1997 for a review).

In addition, a set of studies reported in doctoral dissertations have assessed the positive effects of
Dalcroze exercises on rhythmic abilities in kindergarten and first- and second-grade children. For
example, O’Dell (2007) showed that first-graders who undertook a set of Dalcroze-based lessons
improved their ability to perform a steady beat significantly more than the control group, who received
the same lessons without the movement activities. Crumpler (1982) found a significant improvement
between pre- and posttest on the pitch discrimination abilities of first-graders who participated in an
eight-week Dalcroze music training program, whereas a control group of first-graders who for an equiva-
lent amount of time took music lessons involving music concepts and sang singing songs without move-
ment did not show any improvement. Interestingly, Holme (2009) emphasized that although focused on
music, Jaques-Dalcroze saw his educational ideas as unrestricted to music. Holme (2009) also suggested
that internalizing music with body movements may stimulate thoughts regarding the rhythmic nature of
languages, and especially in the case of learners whose L1 is tonal (e.g., Mandarin), who might face dif-
ficulties in learning stress-timed languages such as English. Despite these observations, to our knowledge
no empirical evidence has been put forth to assess whether Dalcroze’s music training methods can be
applied successfully when improving phonological productive skills.

1.4. Music and embodied music activities for L2 phonological learning

It is a shared view of practitioners in the L2 community that music is a helpful teaching tool for both
young and adult learners alike, as it helps not only to foster enjoyable environments but also to
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improve learners’ speaking, writing, and listening comprehension skills (e.g., Pérez Niño, 2010). In L2
classrooms, there is a growing tendency to incorporate musical activities involving songs or other
melodic and rhythmic activities so as to promote more active and enjoyable classes (Selinker &
Gass, 2008). Indeed, some classroom studies have suggested that musical activities boost motivation,
aid vocabulary memorization, increase learners’ attention, and lead to enhanced learning (e.g.,
Fonseca-Mora & Gant, 2016; Kao & Oxford, 2014). Some studies have also empirically tested the
role of singing and listening to songs in developing L2 pronunciation, with somewhat mixed results
(e.g., for positive results, see Baills et al., 2021; Good et al., 2015; Ludke et al., 2014; Zhang et al.,
2023; for mixed results, see Nakata & Shockey, 2011; Nemoto et al., 2016).

Recent research has found that hand-clapping, a rhythmic activity that is closely related to music,
helps improve pronunciation in a foreign language for both children and adults (e.g., Baills & Prieto,
2021; Lee et al., 2020; Zhang et al., 2020). Hand-clapping involves the simultaneous activation of see-
ing, hearing, touching, and motor experience executed by the arms and the hands, which have to be
synchronized with musical beats and rhythm (Baker, 2014; Chan, 2018). Synchronizing these arm and
hand movements with speech rhythm requires a rigorous interaction of the vocal and motor systems
(Sulkin & Brodsky, 2007) and, therefore, training this synchronization ability may, in turn, have a posi-
tive effect on speech.

Crucially, the above-mentioned experimental and classroom training studies have long used music
(e.g., songs) or rhythmic activities (e.g., hand-clapping) in combination with the use of the target L2
languages.

1.5 Goals of the present study

The goal of the present study is to assess whether an embodied music training may have a positive
effect on non-native phonological productive skills. Considering the well-known benefits of
Dalcroze-based embodied music training on music-related abilities, it is interesting to assess the
potential effects of a Dalcroze-inspired music embodied training program on abilities related to non-
native speech production. This is a relevant question that has potential implications for L1 and L2
phonological learning. Given the strong connections between language and music, we expect to
uncover a new transfer effect between music and speech by showing that training music skills through
an embodied approach can trigger an improvement in phonological language skills.

With this goal in mind, we designed three music training sessions with embodied activities inspired
by the Dalcroze approach and compared their effects with those of three treatment-as-usual music ses-
sions of the same duration. All activities in the embodied music training sessions were inspired by
those proposed by the Dalcroze approach to music teaching, incorporating exercises that couple
music with body movement. The treatment-as-usual music sessions were designed by the music
teacher according to the Chinese teaching curriculum, which follows an aesthetic approach to
music education (Reimer, 1989). The activities consisted of listening to pieces of traditional
Chinese songs (instrumental or orchestral versions) and learning about each piece of music (historical
context, composer, relevant musical instruments, etc.).

Adolescent participants were recruited for the present study. While previous studies have primarily
focused on children or adults, there is a lack of studies focusing on adolescents. Adolescence is a cru-
cial developmental stage marking a period of transition from both a cognitive and a physical perspec-
tive (Engelhard, 2014).

All in all, the research question of this study states as follows:

Does an embodied music program have a positive effect on adolescents’ L2 phonological pro-
ductive skills:

(a) in a speech imitation task with unfamiliar foreign languages, and
(b) in an oral reading task in L2 English?
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First, the capacity to imitate and repeat strings of a certain length in foreign speech has been posi-
tively related to L2 pronunciation learning (e.g., Hao & de Jong, 2016; Jia et al., 2006). The partici-
pants’ productions in the imitation task were perceptually evaluated for accentedness, which is
generally defined as the perceived distance between a foreign speaker’s speech and the target native
speech (Trofimovich & Isaacs, 2012). Accentedness is one of the most frequently used perceptive mea-
sures for the assessment of L2 pronunciation and has been related to pronunciation accuracy measures
in terms of segmental and suprasegmental errors (Saito et al., 2016). As for the evaluation of the
English oral-reading task, we followed the claim by Saito and Plonsky (2019) that a truly comprehen-
sive assessment of L2 pronunciation should take into account measurements at both a holistic and
specific level. Besides accentedness, measures of comprehensibility (defined as the ease with which
one understands the meaning of what is uttered, see Derwing & Munro, 2009) and fluency (which
refers to native speakers’ perceptual impression as to whether the speech planning and production
of the language is functioning smoothly and efficiently, and is primarily associated with speed of deliv-
ery and pausing behavior (e.g., De Jong et al., 2013; Segalowitz, 2010), were also included. Moreover,
the accuracy of suprasegmental and segmental features was also evaluated perceptively (e.g., Saito et al.,
2016; Suzukida & Saito, 2021; Trofimovich & Isaacs, 2012). In total, five dimensions were selected to
assess participants’ pronunciation in the L2 reading task: accentedness, comprehensibility, fluency,
segmental accuracy, and suprasegmental accuracy.

In addition, previous research has illustrated (a) that working memory plays an important role in
L2 vocabulary learning and phonological processing (e.g., Darcy et al., 2015), and (b) that musical
aptitude may influence L2 perceptive and productive phonological abilities (e.g., Milovanov et al.,
2008, 2010; Slevc & Miyake, 2006; Strait et al., 2011). For this reason, we controlled for potential dif-
ferences between the groups regarding these individual differences and checked if they could have an
effect on the pronunciation measures.

2. Material and methods

The present study is a between-subject classroom intervention with a pre- and posttest design, in which a
group of Chinese adolescent learners of English received training over three music sessions in one of the
following two conditions: (1) embodied music condition, which involved the group performance of
embodied musical activities (henceforth, EMG for Embodied Musical Group), and (2) non-embodied
music condition, which involved treatment-as-usual music lessons (henceforth, NEMG for Non-
Embodied Musical Group). Before and after training, participants were asked to perform two non-native
speech production tasks: (1) an imitation task involving two sentences in each of the six unfamiliar lan-
guages, and (2) an oral reading task in English involving three phrases.

2.1 Participants

A total of 50 hearing Chinese adolescents aged between 13 and 15 years (M = 13.7, 25 females), all
belonging to the same eighth-grade group class in a secondary school in Shandong
Province, China, were initially recruited for this study.

All the participants took part in the experiment on a voluntary basis and digitally signed a consent
form. In coordination with the school administrators, the training sessions for both groups were
scheduled during school hours as an extra activity to the regular music classes. The regular music
classes took place once a week with a duration of 45 minutes, as per the teaching curriculum at the
school. During the week of training, neither group attended their regular music class.

Due to the absence of two students in one of the three training sessions, the data from only 48 of
the participants could be included in the final analysis (EMG: n = 25, 15 females, M = 13.8 years, SD =
0.577; NEMG: n = 23, 10 females, M = 13.7 years, SD = 0.559). An a priori power analysis was con-
ducted using G*power3.1 to test the interaction between groups and tests (ANOVA: repeated
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measures, within-between interaction; medium target effect size η2 = 0.04, alpha = 0.05). Results
showed that the sample of 48 participants was expected to achieve a power of 0.72.

Information about participants’ language and musical background was self-reported by means of a
questionnaire (an English translation is provided in Supplementary Appendix S1). All participating
students were Mandarin speakers learning English on a weekly basis at their school and reported
learning English (attending English classes, self-studying, and homework) at an average of five
hours per week. Based on a recent study by Peng et al. (2021), the mean English proficiency of eighth-
graders in China corresponds to the A1 to B1 levels of the Common European Framework of
Reference for Languages (CEFR), that is, low-intermediate proficiency. None of them reported speak-
ing a third language nor being musicians or amateur musicians.

2.2 Materials and measures

This section describes the materials and measures used in the three training sessions, the pre- and
posttest tasks, and the control tasks (see Figure 1). The training sessions took place on three consecu-
tive days. Pretests took place on the same day as the first training session, and posttests occurred on the
same day of the final training session. All sessions were carried out outside of the school curriculum.
The planned duration of both conditions was 45 minutes for the first session (5 minutes introducing
the whole program + 40 minutes training ) and 40 minutes for the following two sessions. As the
embodied music training program required more time for preparation and arrangement (i.e., transi-
tion between each activity, arranging participants’ positioning for each activity, distributing accessor-
ies, etc.), each session in EMG included approximately five additional minutes. Overall, the teachers
accurately followed the instructions and the mean duration was 47.93 minutes for EMG sessions and
41.53 minutes for NEMG sessions (see Supplementary Appendix S5 for detailed lesson design).

2.2.1 Control measures
To ensure that the two groups were homogeneous, individual control measures of English vocabulary
size, music perception skills, and short-term memory span were assessed by performing several control
tasks. All the control tests were conducted individually in quiet computer rooms three days before the
pretest and the whole procedure took approximately 50 minutes to complete. The computer rooms
were equipped with multiple computers and earphone headsets, enabling participants to take tests
individually and simultaneously without any disturbance.

2.2.1.1 Basic English vocabulary test. To assess the participants’ command of basic English vocabulary,
a set of 75 English words was chosen from three seventh- and eighth-grade English textbooks that are
frequently used in Chinese high schools. Each correct answer was given the score “1”, and the final
score of each participant was the sum of the correct answers. The test was carried out with an online
survey platform Wenjuanxing (see Supplementary Appendix S2).

Figure 1. Overall experimental procedure.
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2.2.1.2 Working memory. To measure participants’ working memory, an adaptation of the forward
digit span task by Woods et al. (2011) was used. The test was realized by a software developed in
PsychoPy3. The individual scores were automatically generated, calculated through the recalling of
an increasing (ranging from 3 to 16) sequence of digits in a forward order. The task lasted approxi-
mately 5 minutes.

2.2.1.3 Music perception skills. Musical aptitude was assessed using four subtests of the free-access
Profile of Music Perception Skills test (PROMs) by Law and Zentner (2012). The MELODY, PITCH,
ACCENT, and RHYTHM perception subtests were chosen. The scores were obtained automatically by
the program. The test took around 20 minutes.

2.2.1.4 Satisfaction survey. After each session, a brief satisfaction survey was given to each student. We
asked the participants to respond to the following three questions using a nine-point Likert scale (“1”
means the lowest level and “9” means the highest level): (1) Preference: “How much did you like this
session?”; (2) Difficulty: “How difficult do you think this session was?”; (3) Effectiveness: “Do you
think that this session improved your musical abilities?”

2.2.2 Pre- and posttest tasks: Materials, procedure, and assessment
To assess the effect of embodied music training on non-native speech production skills, two tasks were
administered before and after intervention: (1) a speech imitation task involving the oral imitation of
sentences in six unfamiliar languages, and (2) an oral reading task in English. Participants performed
the tasks individually using a computer in a silent room. They started the tasks after the audio-
recording was activated by the assistant teacher. The whole pre- and posttest procedure lasted approxi-
mately 10 minutes.

2.2.2.1 Speech imitation task. To test each participant’s ability to imitate non-native speech, they
undertook a modified version of the speech imitation task in Zhang et al. (2020) both at pre- and
posttest. The test involved listening to 12 short sentences (from five to 12 syllables) in six unfamiliar
foreign languages (see Supplementary Appendix S3: two sentences per language; the languages
involved were Catalan, Hebrew, Japanese, Russian, Turkish, and Vietnamese) and imitating them as
closely as possible. The test took approximately 5 minutes and all the participants’ oral productions
were audio-recorded.

Three native speakers of each language were recruited to evaluate participants’ production in their
respective native languages (a total of 1,152 oral productions). Prior to the evaluation phase, the raters
participated in a one-hour training session per language to acquaint themselves with the rating pro-
cedure and practice the rating with sample items. The raters evaluated the recordings through the
online survey platform Alchemer. They were asked to evaluate the participants’ accentedness on a
scale from 1 to 9, where “1” corresponded to “extremely accented” and “9” indicated “not accented
at all”. For each item, the raters first listened to the sentence pronounced by a native speaker, and
then to two oral productions, which corresponded to the pretest and posttest renditions of the sen-
tence produced by the same participant at pre- and posttest, but in random order. Each rater spent
around one hour on the rating task. The final speech imitation score per participant was calculated
by computing the mean score for each sentence across the three raters. Inter-rater reliability among
the three raters for each language was assessed with Intraclass Correlation Coefficient (ICC). The
scores were 0.789 (Hebrew), 0.757 (Catalan), 0.907 (Japanese), 0.919 (Russian), 0.897 (Turkish),
and 0.831 (Vietnamese), which are interpreted as good or excellent reliability (Koo & Li, 2016).

2.2.2.2 Oral reading task in English. Before and after the intervention, participants were asked to read
three English phrases (10–17 syllables). These phrases contained target words and structures that were
adapted to their English proficiency. In order to choose three adequate sentences, a total of 30 sen-
tences were pre-selected and sent to five eighth-grade students who did not take part in the
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experiment. They were asked to audio-record themselves reading the sentences and their oral produc-
tion. First, the fluency and comprehensibility of each sentence were assessed by the three authors using
a nine-point Likert scale to ensure that the participants would be able to pronounce the sentences.
Second, it was ensured that the vocabulary appearing in the target sentences was part of the English text-
book used by the learners. The final three selected sentences met the following two conditions: (1) they
included no more than two words that did not appear in their target vocabulary, and (2) their compre-
hensibility and fluency were above five, respectively (see Supplementary Appendix S4).

Three native English speakers rated the participants’ pronunciation (1,440 audio recordings) for
each sentence in terms of accentedness, comprehensibility, fluency, the accuracy of segmental features
(consonants and vowels), and the accuracy of suprasegmental factors (rhythm, accent, and intonation)
based on a Likert-scale from 1–9, where “1” corresponded to the least accurate performance and “9”
corresponded to the most accurate performance. Similar to the previous task, the raters participated in
an online training session in which the raters received the detailed rating procedure, listened, and prac-
ticed with sample audio files that corresponded to different levels of proficiency. After their assess-
ment, inter-rater reliability was calculated and the ICC score (for all five measures together) was
0.847, indicating good reliability.

2.2.3 Training sessions
A total of three sessions were prepared for both groups. While the lesson plans for the EMG were
designed by the current team of authors, the lesson plans for the NEMG were designed by the
music teacher from the participating school to fit the eighth-grade music curriculum. The music pieces
selected for training were different across groups. While the music activities were designed by the
authors for the EMG group, the music teacher designed the activities for the NEMG group. The
detailed lesson plans and the audiovisual materials can be downloaded from OSF at: https://osf.io/
bm9c8/.

2.2.3.1 Embodied Music Group. The three sessions for the EMG consisted of a set of rhythmic and
melodic music activities that were inspired by the Dalcroze music-teaching approach (see Figure 2).
For each session, the first author created a detailed presentation of the activities for the music teacher
in charge of the EMG.

Figure 2. Screenshots of activities in the EMG.
Note: Ordered from top left to bottom right: Move to rhythmic patterns (S1), Rhythmic body percussion Part 2 (S2), Move to the changes
of the music scale (S2), Balloon games: tapp to the beat (S3)
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Each session comprised three or four embodied musical activities for training rhythm and melodic
skills. The full training program included the practice of four music concepts related to rhythm and
melody: (1) beat, that is, the basic unit of music, or ‘pulse’ that occurs at periodic intervals, which can
be defined as a series of approximate periodic time points recognizable to rhythm listeners; (2) tempo,
defined as the speed or pace of a given piece, and measured in beats per minute; (3) rhythm, which is
the serial pattern of durations marked by musical notes and silences, and a grouping of accented and
unaccented beats; and (4) melody, defined as a linear succession of individual musical tones that form
a single entity (see McAuley, 2010).

Before the intervention, the music teacher of the EMG was trained by the first author over two
90-minute meetings, and performed one 45-minute pilot session with a different group of 25 eighth-
graders. The procedure for each session was as follows: at the beginning of each session, the music
teacher introduced the target music concepts to the participants and, if deemed necessary, showed
them example videos of the activity. The first session also started with a brief introduction to the
Dalcroze methodology. The second and the third sessions started with short warm-up activities
that briefly repeated an activity from the previous session. At the end of each session, the teacher pro-
vided the participants with a brief summary of what had been learned.

All the sessions were video recorded with four cameras (AVA AE-A6 Recording and Playing
System) to ensure training fidelity and the involvement of the students. The first author inspected
the videos with the three training sessions from both the EMG and the NEMG and was able to con-
firm that the two music teachers had followed the lesson plans properly and that all participants
engaged in the proposed activities, performing the appropriate body movements and paying attention
to the teacher’s instructions.

2.2.3.2 Non-embodied music group. The lesson plan involved music appreciation and an introduction
to musical instruments, composers, and music pieces. Each session revolved around one main theme,
with one piece of traditional Chinese music. The three pieces were selected from the participants’
eighth-grade music textbook. The main piece of music for the first session was Liangzhu: The
Butterfly Lovers, which is one of the most famous pieces for violin orchestras in China, and which
describes the legend of the love story between Liang Shanbo and Zhu Yingtai. The music selected
for the second session was Colorful Clouds Chasing the Moon. Finally, the music selected for the
third session was Blossoms on a Moonlit River in Spring, which is an orchestral piece with traditional
Chinese instruments.

2.2.4 Statistical analyses
All the statistical analyses were conducted in IBM SPSS Statistics, Version 26.0. To check for any stat-
istical differences between the EMG and NEMG in terms of English vocabulary, memory span, and
music perception skills, three t-tests were applied.

To assess the effect of training on the speech imitation task, a Generalized Linear Mixed Model
(henceforth GLMM) was run with accentedness as the dependent variable (e.g., the mean rating scores
for the six languages). The fixed factors were group (two levels: EMG and NEMG), test (two levels:
pretest and posttest), and their interaction, Group × Test. One random effects block was specified,
with participant and item intercepts.

To assess the potential gains in the oral reading task in English, five GLMMs were run with the
mean rating scores obtained for the three phrases of the following five dependent variables: accented-
ness, comprehensibility, fluency, segmental accuracy, and suprasegmental accuracy. The fixed factors
were group (two levels: EMG and NEMG), test (two levels: pretest and posttest), and their interactions:
Group × Test. One random effects block was specified, with participant and item intercepts.
Importantly, a collinearity analysis (Dormann et al., 2013) found that no collinearity issues were
detected among the variables.

Finally, to assess the impact of the different types of training on the participants’ three self-reported
satisfaction scores (i.e., preference, difficulty, and effectiveness), three GLMMs were run with
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preference, difficulty, and effectiveness as dependent variables and group (two levels: EMG and
NEMG), session (three levels: S1, S2, S3), and their interactions (Group × Session) as the fixed factors.
Participant, age, and gender were included as the random effects.

3. Results

The scores from three independent t-tests confirmed that there was no significant difference between
the two groups in: (1) vocabulary size: t(46) =−0.713, p = 0.479; (2) memory span: t(46) =−0.987, p =
0.329; and (3) music perception skills: t(46) = 1.241, p = 0.221. In addition, we ran a GLMM with ran-
dom effects that confirmed no significance in terms of memory span ( p = 0.146) or music perception
skills ( p = 0.382).

3.1 Speech imitation task

Table 1 shows the descriptive statistics of the accentedness rating scores for the speech imitation task.
The result of the GLMM with accentedness as the dependent variable shows a significant effect of test
( p < 0.001), a significant interaction of Group × Test ( p < 0.001) and no significant effect of group (see
Table 2).

Post-hoc analyses indicate that both the EMG and NEMG improved significantly from pretest
to posttest (EMG: contrast estimate = 0.756, p < 0.001; NEMG: contrast estimate = 0.230, p = 0.025).
A significant difference between the groups was found at posttest (contrast estimate = 0.425, p =
0.041), but not at pretest (contrast estimate =−0.101, p = 0.626).

3.2 Oral reading task in English

Table 3 shows the descriptive statistics of the mean rating scores for the English reading task. Table 4
summarizes the results of the five GLMMs for the mean rating scores across all five measures (see also
Figure 3). We found a main effect of test ( p < 0.001) and significant interactions Group × Test for all
five measures, and no significant main effect of group.

Post-hoc analyses showed significant improvements in the EMG group between pre- and posttest in
terms of accentedness (contrast estimate = 0.423, p = 0.001), comprehensibility (contrast estimate =
0.717, p < 0.001), fluency (contrast estimate = 0.733, p < 0.001), segmental accuracy (contrast estimate
= 0.515, p < 0.001), and suprasegmental accuracy (contrast estimate = 0.533, p < 0.001). By contrast, the
NEMG showed non-significant changes in accentedness (contrast estimate = 0.005, p = 0.971), com-
prehensibility (contrast estimate = 0.135, p = 0.384), fluency (contrast estimate = 0.087, p = 0.537), seg-
mental accuracy (contrast estimate = 0.050, p = 0.695), and suprasegmental accuracy (contrast estimate
= 0.008, p = 0.952).

Post-hoc analyses further revealed that there were no significant differences between the two groups
at both pretest and posttest in terms of accentedness (contrast estimate = 0.051, p = 0.862; contrast esti-
mate = 0.478, p = 0.106), comprehensibility (contrast estimate =−0.067, p = 0.822; contrast estimate =
0.515, p = 0.085), fluency (contrast estimate =−0.242, p = 0.412, contrast estimate = 0.404, p = 0.171),
and suprasegmental accuracy (contrast estimate =−0.121, p = 0.687; contrast estimate = 0.420, p =
0.164). Regarding segmental accuracy, there was a significant difference between the two groups at
posttest (contrast estimate = 0.619, p = 0.023), but not at pretest (contrast estimate = 0.053, p = 0.854).

3.3 Satisfaction with training

Table 5 shows the descriptive statistics of the scores for the satisfaction questionnaire. Table 6 sum-
marizes the results of the GLMMs for the three satisfaction variables. A main effect of group was
found for preference (F(1, 138) = 22.938, p < 0.001), difficulty (F(1, 138) = 33.580, p < 0.001), and
effectiveness (F(1, 138) = 25.390, p < 0.001). Post-hoc analyses revealed that the EMG yielded
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Table 1. Mean, std. deviation, std. error, and 95% confidence interval for the rating scores of accentedness at pretest and posttest across groups

Variable Test

EMG NEMG

M SD SE 95%CI M SD SE 95%CI

Accentedness Pre 2.57 1.36 0.08 [2.41, 2.72] 2.71 1.24 0.07 [2.57, 2.83]

Post 3.31 1.57 0.09 [3.13, 3.49] 2.94 1.24 0.07 [2.80, 3.08]
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significantly higher scores than the NEMG in terms of preference (contrast estimate = 1.616,
p < 0.001), difficulty (contrast estimate = 2.107, p < 0.001), and effectiveness (contrast estimate =
2.045, p < 0.001).

4. Discussion

The present study aimed to explore a transfer effect between embodied music training and non-native
speech production skills. With this objective in mind, we assessed the potential gains of a three-session
Dalcroze-inspired embodied music intervention involving no foreign language input on non-native
productive speech abilities. A total of 48 Chinese teenagers participated, either in three
treatment-as-usual music lessons, in which participants remained seated while learning about and lis-
tening to different pieces of music, or in three embodied music sessions, in which participants experi-
enced musical rhythm and melody through body movements. Participants’ speech production skills
were assessed with a speech imitation task in six unfamiliar languages and with an English oral reading
task. The results of the speech imitation task indicated that the EMG participants improved their
speech imitation skills in terms of accentedness significantly more than the participants in the
NEMG. Regarding the oral reading task in L2 English, only the EMG participants significantly
improved their pronunciation at posttest in terms of accentedness, comprehensibility, fluency, seg-
mental accuracy, and suprasegmental accuracy. The incorporation of body movements in the music
training may have led to a stronger engagement and motivation by the participants, which might
have resulted in higher preference ratings in the EMG. Our satisfaction survey (rated on a scale of
1 to 9) indicated that participants in the EMG showed significantly higher scores than the NEMG
in terms of enjoyment (M = 8.25 vs. M = 6.64), and effectiveness (M = 7.81 vs. M = 5.77), despite find-
ing the sessions more challenging (M = 4.77 vs. M = 1.67). Since positive emotions have been found to
correlate with L2 motivation (MacIntyre & Vincze, 2017), this might have been a modulating factor in
our results. Further research will be needed to further assess how embodied training can influence lear-
ners’ emotional behavior and its concomitant relationship with L2 learning.

The results of the present study reveal an important transfer effect between the improvements pro-
duced by a Dalcroze-inspired embodied intervention and direct improvements in non-native language
production. Our results add new evidence supporting the embodied music cognition paradigm by
showing the value of an embodied music intervention (with no foreign language input) as a means
of enhancing non-native speech production skills. To date, research on embodied music training
has primarily focused on its direct effect on the development of musical abilities in the field of
music education (e.g., Crumpler, 1982; Larsen, 2016; O’Dell, 2007) and to our knowledge, the appli-
cation of this paradigm for the improvement of non-native speech production skills had not been
tested before. Moreover, while previous research has shown the role of musical expertise, aptitude,
and training on phonological language perception (e.g., Hennessy et al., 2021; Magne et al., 2006;
Slevc & Miyake, 2006), the present study adds further evidence on the effects of music training on
productive language skills.

In our view, the transfer effects also highlight the strong resemblance between music and language
in terms of temporal and structural organization, as well as physiological and neural processing (e.g.,
Besson & Schön, 2001; Giraud & Poeppel, 2012; McMullen & Saffran 2004; Ogg & Slevc 2019; Patel,
2010). Our view is that the transfer obtained between embodied music training and non-native speech

Table 2. GLMM: Fixed effects of the mean accentedness rating scores in the speech imitation task

Fixed factors F df1 df2 p

Group 0.687 1 1121 0.407

Test 49.371 1 1121 <0.001

Group × Test 14.057 1 1121 <0.001
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Table 3. Mean, std. deviation, std. error, and a 95% confidence interval for the rating scores at pretest and posttest across groups

Variable Test

EMG NEMG

M SD SE 95%CI M SD SE 95%CI

Accentedness Pre 4.64 0.96 0.19 [4.25, 5.04] 4.59 1.17 0.24 [4.09, 5.10]

Post 5.07 0.89 0.18 [4.70, 5.43] 4.56 1.11 0.23 [4.08, 5.04]

Comprehensibility Pre 5.29 1.00 0.20 [4.88, 5.71] 5.37 1.26 0.26 [4.82, 5.91]

Post 6.01 0.78 0.16 [5.69, 6.33] 5.47 1.10 0.23 [4.99, 5.94]

Fluency Pre 4.80 0.96 0.19 [4.40, 5.20] 5.04 1.21 0.25 [4.52, 5.57]

Post 5.54 0.86 0.17 [5.18, 5.89] 5.11 1.10 0.23 [4.63, 5.58]

Segmental accuracy Pre 4.74 0.90 0.18 [4.37, 5.11] 4.68 1.16 0.24 [4.19, 5.19]

Post 5.25 0.81 0.16 [4.92, 5.59] 4.59 1.08 0.23 [4.12, 5.06]

Suprasegmental accuracy Pre 4.81 0.95 0.19 [4.42, 5.20] 4.93 1.23 0.26 [4.40, 5.47]

Post 5.34 0.85 0.17 [4.99, 5.70] 4.89 1.16 0.24 [4.39, 5.39]
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production supports the OPERA hypothesis (see Patel, 2010, 2011, 2014). Our embodied music pro-
gram fitted the required conditions (overlap, precision, positive emotion, high engagement with repe-
titions, and focused attention), which may explain why it could lead to an enhanced adaptive plasticity
in speech processing networks. Our study offers new insights into the effects of music-to-language
transfer, building upon previous research demonstrating the facilitative role of long-term musical
experience in speech perception (Patel, 2011, 2014). Our study showed that music training with
body movements may trigger positive effects on L2 pronunciation skills. As the training did not
involve any foreign language input, only musical melodic and rhythmic activities, and the EMG par-
ticipants performed significantly better after training in terms of imitation skills and English pronun-
ciation, our results suggest a positive music-to-language transfer effect. While previous studies found
evidence of transfer effects after long-term training, the present study shows that a short training pro-
gram can also trigger transfer effects after embodied rhythmic and melodic exposure for L2 pronun-
ciation learning. The cross-domain effects found on pronunciation skills might stem from the
common acoustic cues between music and language, in particular pitch and rhythm, and shared
neural mechanisms (Patel, 2003; Steinbeis & Koelsch, 2008). These mechanisms do not only concern
auditory processing areas but also several other brain regions such as the supramarginal gyrus, which
is involved in both phonological processing and the processing of melody and pitch (e.g., Deschamps
et al., 2014; Schaal et al., 2015), and the cerebellum, which is traditionally associated with motor con-
trol and contributes to timing and coordination aspects of both language and music (Krause et al.,
2010; Martin et al., 2006). Transfer effects have been supported by neuroscientific evidence, as demon-
strated by Dittinger et al. (2021), who noted that musicians could outperform non-musicians in long-
term novel word memorization, possibly attributable to superior auditory processing. Interestingly, as
Langus et al. (2023) suggest, the perception of speech prosody might be facilitated by cross-domain
effects of musical experience. In their paper, the authors found that German-learning monolingual
infants at six months with high exposure to music and infant-directed speech at home were more
likely to exhibit an enhanced categorical perception of prominence in speech, whereas those with
low exposure did not display a similar trend.

Table 4. Results of the five GLMMs for the mean rating scores

Dependent variables Fixed factors F df1 df2 p

Accentedness Group 0.898 1 94 0.346

Test 5.547 1 94 <0.05

Group × Test 5.793 1 94 <0.05

Comprehensibility Group 0.663 1 94 0.417

Test 15.488 1 94 <0.001

Group × Test 7.211 1 94 <0.05

Fluency Group 0.087 1 94 0.769

Test 17.218 1 94 <0.001

Group × Test 10.658 1 94 <0.05

Segmental accuracy Group 1.582 1 94 0.212

Test 6.696 1 94 <0.05

Group × Test 9.916 1 94 <0.05

Suprasegmental accuracy Group 0.276 1 94 0.601

Test 8.317 1 94 <0.05

Group × Test 8.827 1 94 <0.05
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On a practical level, our results have pedagogical implications for L2 pronunciation instruction.
Previous studies have underlined the positive role of musical and embodied musical activities in
the foreign language classroom, such as listening to songs and singing and hand-clapping (e.g.,
Baills et al., 2021; Good et al., 2015; Lee et al., 2020; Ludke, 2018; Zhang et al., 2020). In this context,
our results confirm for the first time the importance of training musical rhythm and melody through

Figure 3. Estimated means across groups at pre- and posttest in terms of accentedness, comprehensibility, fluency, segmental
accuracy, and suprasegmental accuracy.
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Table 5. Mean, std. deviation, std. error, and a 95% confidence interval for the satisfaction questionnaire across groups

Variables Session

EMG NEMG

M SD SE 95%CI M SD SE 95%CI

Preference S1 8.32 1.11 0.22 [7.86, 8.78] 6.78 1.56 0.33 [6.11, 7.46]

S2 8.28 1.34 0.27 [7.73, 8,83] 6.39 1.88 0.39 [5.58, 7.20]

S3 8.16 1.28 0.26 [7.63, 8.69] 6.74 1.81 0.38 [5.95, 7.52]

Difficulty S1 4.72 1.67 0.33 [4.03, 5.41] 2.30 1.26 0.26 [1.76, 2.85]

S2 4.64 1.89 0.38 [3.86, 5.42] 2.70 1.64 0.34 [1.99, 3.40]

S3 4.96 2.01 0.41 [4.12, 5.80] 3.00 1.76 0.37 [2.24, 3.76]

Effectiveness S1 7.84 1.40 0.28 [7.26, 8.42] 6.00 1.62 0.34 [5.30, 6.70]

S2 7.72 1.17 0.24 [7.24, 8.20] 5.83 2.29 0.48 [4.84, 6.82]

S3 7.88 1.27 0.25 [7.36, 8.40] 5.48 1.88 0.39 [4.67, 6,29]
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body movement to improve L2 pronunciation. Crucially, our findings show that even without any lin-
guistic input, embodied music training has the capability to improve non-native language production
skills. On the whole, our results also highlight the relevance of implementing embodied music training
(which would typically belong to the area of music education) to benefit not only music learning but
also language learning. In light of this, future educational curricula would need to further integrate the
language and music training programs.

Importantly, our results also expand on previous insights showing that the integration of music
(and embodied musical activities) into language classrooms tends to increase positive emotions and
willingness to participate (e.g., Juntunen, 2020). In this regard, the results from our satisfaction survey
revealed that the participants of the EMG self-reported that they liked the session more than the
NEMG did, despite having evaluated the sessions as being more difficult. These positive side-effects
of music may have triggered the students’ involvement in the embodied music training sessions,
which, in turn, might have helped by encouraging more positive outcomes. Further research would
be needed to assess the effects of the positive emotional component induced by embodied music train-
ing, and specifically whether this component might affect the training outcomes.

The present study has the following limitations. First, to strengthen the findings of the present
study, which only consists of three sessions with a limited number of participants, further research
involving more participants and a longer embodied music intervention would be needed. Notably,
we could not find a difference between the two groups at posttest, which may show that an improved
intervention design is needed to find more clear-cut results. Second, it is important to mention that
our experimental paradigm did not disentangle the effects of training musical melody and rhythm
with or without embodied activities. In order to do this, a future study should include a control con-
dition in which participants should be trained on the same musical melodic and rhythm skills involv-
ing non-embodied techniques, or at least exposed to the same musical input. As one of the reviewers
suggested, adding another control group involving sports without music could provide information on
the value of non-musical physical activity. In general, further research would be needed to assess the
benefits of a non-embodied music training program that is more directly comparable to the one imple-
mented in our embodied training group. Third, a more fine-grained acoustic analysis of participants’
oral productions at pre- and posttest could be performed in order to help determine whether the
improvements in speech imitation and L2 pronunciation are mainly due to a specific improvement
in the production of the target prosodic features or whether they come from a combination of segmen-
tal and suprasegmental features, as the perceptual assessment seems to suggest. Fourth, future research
could explore the mediating role of individual differences such as musical aptitude and musical expert-
ise during embodied and non-embodied music training (e.g., Christiner & Reiterer, 2015; Christiner
et al., 2022).

Table 6. Summary of the three GLMMs: Fixed effects of the scores for the satisfaction questionnaire

Dependent variables Fixed factors F df1 df2 p

Preference Group 22.938 1 138 <0.001

Session 0.402 2 138 0670

Group × Session 0.513 2 138 0.600

Difficulty Group 33.580 1 138 <0.001

Session 1.283 2 138 0.280

Group × Session 0.405 2 138 0.668

Effectiveness Group 25.390 1 138 <0.001

Session 0.665 2 138 0.516

Group × Session 1.803 2 138 0.341
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5. Conclusion

The present study suggests a transfer effect between embodied music training (i.e., without any foreign
language input) on non-native productive phonological abilities. These results not only highlight the
strong relationship between music and language but also the value of (embodied) music instruction
paradigms for improving both music skills and language skills, thus supporting a more holistic edu-
cational approach that integrates music and language education more fully.

Supplementary material. The supplementary material for this article can be found at: https://doi.org/10.1017/
S0261444824000363.

Note
1 As a multidimensional approach, the Dalcroze method also incorporates solfège (ear training) and improvisation
(Juntunen, 2016).
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