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With increasing evidence in favour of embodied learning techniques, more re-

search is needed to explore eventual applications in the field of second language

acquisition, for example, the effect of embodied training on phonological learning.

This study investigated how pronunciation was affected by visuospatial hand ges-

tures depicting speech rhythm and intonation during the oral repetition of loga-

tomes (i.e. a series of identical nonsense CV syllables that maintain prosodic struc-

ture intact). Seventy-five Catalan learners of French participated in three training

sessions with short dialogues, in one of three conditions: speech-only, non-

embodied logatome, and embodied logatome. Before and after the training period,

participants carried out an identical pre- and posttest which consisted of reading

four dialogues aloud. Their oral output was evaluated in terms of fluency, compre-

hensibility, accentedness, and suprasegmental and segmental features by three na-

tive French speakers. While all three groups significantly improved in all measures

after training, the embodied logatome group improved significantly more in terms

of accentedness and suprasegmental features compared with the speech-only

group, while the non-embodied logatome group did not.

INTRODUCTION

There is increasing evidence of the integration of the perceptual and motor

systems in the cognitive system (e.g. Barsalou 2008; Wilson and Foglia 2017;

Keily 2019) and of the benefits of embodied learning in education, notably

through the use of hand gestures (e.g. Macedonia 2019; Shapiro and Stolz

2019). In the field of foreign language acquisition, however, since Atkinson’s

call for an embodied approach to SLA (2010), relatively little work has been

carried out to put this claim into perspective. Regarding phonological learning,

despite numerous studies confirming the positive role of pronunciation in-

struction—in particular, prosodic training (e.g. Gordon and Darcy 2016;

Zhang and Yuan 2020)—and the important role of prosody in pronunciation
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evaluations (e.g. Trofimovich and Baker 2006; Kang 2010), there is a clear

need for concrete, research-based, pronunciation teaching techniques that

focus on highlighting L2 prosody. Based on previous evidence that prosodic

features can be successfully depicted by hand movements (e.g. Connell et al.

2013; Dolscheid et al. 2014; Biau 2015), the present study explored the gains

of training prosody using embodied techniques on L2 pronunciation.

LITERATURE REVIEW

Embodied cognition theory, embodied learning, language, and
prosody

According to Embodied Cognition Theory, sensory-motor processes and the

physical body are an integral part of human cognition and modulate cognitive

processing (e.g. Barsalou 2008; Wilson and Foglia 2017; Keily 2019). This the-

ory is based on the mutual effects of perception and actions on one another

and their joint effect on mental representation and is claimed to have special

relevance for education (e.g. Kiefer and Trumpp 2012; Ionescu and Vasc 2014;

Macedonia 2019; Shapiro and Stolz 2019).

The discovery of mirror neurons, a group of motor neurons that are acti-

vated upon watching another person perform a behaviour, has led scholars to

propose that these neurons may play a crucial role in understanding other

peoples’ actions and may be necessary for imitative learning (Rizzolatti and

Craighero 2004). They stand as a potential explanation for the positive effects

of active engagement and communicative gestures. Sullivan (2018) argued

that instructors’ movements and their use of representational gesture stimu-

late mental imitation by activating the mirror neurons, which may lead to an

improvement in students’ academic outcomes. Meanwhile, more empirical re-

search about embodied cognition and learning has primarily focused on how

increasing students’ own motor involvement during instruction increases

learning outcomes (e.g. Bahnmueller et al. 2014; Smith et al. 2014).

There is evidence that language, in particular, is embodied. Research has

shown that the language areas in the brain activate during sensorimotor ac-

tion (e.g. Desai et al. 2010) and conversely, motor areas activate during speech

(e.g. Hauk et al. 2004), including when processing non-literal action language

(e.g. Yang and Shu 2016). Gestures, which are closely tied to speech (e.g.

McNeill 1992) and develop together in infancy (e.g. Iverson and Goldin-

Meadow 2005), may stem from spatial representations and mental images and

may arise from an embodied cognitive system, as proposed by Hostetter and

Alibali’s Gestures as Simulated Action framework (2008). Several studies lend

evidence to the theory. For example, Rieser et al. (1994) found that linguistic

tasks related to spatial orientation are facilitated by the mental representation

of movement both in children and adults. Descriptions of spatial associations

are comprehended faster than those of spatial dissociations (Glenberg et al.

1987) and words with high ‘body–object interaction’ ratings (Siakaluk et al.
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2008) or related to manipulable objects (Rueschemeyer et al. 2010 ) are recog-

nized faster, providing further evidence of the role of motor actions on lexic-

al–semantic processing. Moreover, there is ample evidence of the effect of

actions, gestures, and exercise on memory (see Madan and Singhal 2012 for a

review). For example, lessons with gestures are shown to promote deeper rea-

soning, synthesis, and information retention than lessons that do not feature

gestures (Goldin-Meadow and Alibali 2013). Interestingly, some work has

also focused on the important role of prosody in syntax and syntax learning

through the lens of embodied interaction (e.g. Bergmann et al. 2012; Kreiner

and Eviatar 2014; Matsumoto and Dobs 2017).

Embodied learning in SLA

Research in the field of Conversation Analysis has documented how cognitive

states are expressed during interaction, not only through speech but also via

gaze, facial gesture, hand gesture, posture shift, and the manipulation of docu-

ments and objects and how these embodied cognitive states participate in the

management of peer interaction (e.g. Goodwin and Goodwin 1986; Drew

2006; Mori and Hasegawa 2009; Eskildsen and Wagner 2013, 2015; Cekaite

2015; Kääntä 2015; Majlesi 2015; Jakonen 2020). To give a few examples,

Mori and Hasegawa (2009) showed how two students organized themselves

in a word search activity by simultaneously using different semiotic resources,

such as language, body, and the structures of their textbooks and notebooks

for language learning. Jakonen (2020) suggested that teachers use their body

as a pedagogical device and analysed teachers’ movement trajectories and

body positioning in content and language-integrated learning (CLIL) class-

rooms. The analysis showed that walking through the classroom allowed the

teacher to monitor student individual and group progress during a task, to dis-

play availability, and to invite students’ interaction. Eskildsen and Wagner

(2015) analysed how gesture–speech combinations are created by L2 learners

to create a common understanding of new words and how they are reused on

later occasions. Interestingly, Eskildsen and Wagner (2013) observed that the

imitation of a speaker’s gesture acts as a communicative resource for achieving

and maintaining understanding in spontaneous conversations between pairs

and with the teacher. Studies in the field of gesture are further exploring,

describing, and classifying teachers’ and learners’ gestures as part of their lin-

guistic conceptualization and expression (e.g. Gullberg and McCafferty 2008;

Smotrova 2014; Wang and Loewen 2016). However, very few studies have

been conducted to test empirically the effects of embodied learning strategies

on second language acquisition. Rather, most of these studies have looked at

the effect of spontaneous and nonspontaneous gestures on word recall [see

Macedonia (2014) and Morett (2018) for reviews; for the effect of gestures on

grammar learning, see Nakatsukasa (2016)].

Regarding phonological learning, strong evidence for a tight relationship be-

tween prosody and gesture (e.g. Loehr 2012; Biau 2015; Ferr�e 2018) suggests
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a positive role of embodied strategies on the learning of an L2 phonological

system, especially on pronunciation. Chan (2018) advocates the integration of

body movements and gestures to enhance the perception, pronunciation, and

retention of L2 phonological features. There are several reasons to support her

claim. First, research on embodied approaches to music education has shown

that body movement can enhance the acquisition of musical rhythmic and

melodic patterns (e.g. Juntunen 2016). In view of the close resemblance be-

tween musical and prosodic structure (e.g. Heffner and Slevc 2015), we sur-

mise that, in a similar way, hand and arm movements may help the

acquisition of speech rhythm and melody. In addition, from the field of sign

language, there is evidence of the existence of a visuospatial ‘phonological

loop’ in working memory, similar to the phonological loop for speech, which

is structured uniquely by language (e.g. Wilson and Emmorey 1997). In that

sense, the form of a gesture may be processed in a similar way to speech

sounds and associated with the corresponding phonological feature. Finally,

there is evidence that the mental representation of pitch is visuospatial in na-

ture (e.g. Connell et al. 2013; Dolscheid et al. 2014), indicating that making

pitch directions and movements visible to the learners may help them process

foreign language prosody. In the following section, we review the literature

on the benefits of prosodic pronunciation instruction, with a focus on embod-

ied techniques.

Benefits of prosodic pronunciation instruction

Prosody plays an important role in pronunciation. There is evidence that

transfer from a first to a second language takes place in the prosodic domain

(e.g. Ueyama 2000; Trofimovich and Baker 2006; Lomotey 2013), as well as

evidence that suprasegmental patterns play a crucial role in the perception of

non-native pronunciation patterns [e.g. Kang et al. 2010; see Wang (2020) for

a review] and seem to weigh more in the perception of foreign accentedness

(e.g. Anderson-Hsieh et al. 1992; De Mareüil and Vieru-Dimulescu 2006;

Trofimovich and Baker 2006).

A growing body of evidence has shown that pronunciation instruction

focusing on speaking rate, intonation, rhythm, and word and sentence stress

may improve overall measures of pronunciation more than segmental training

or no training at all in sentence repetition, read-speech, and spontaneous

speech tasks (e.g. Gordon et al. 2013; Saito and Saito 2017; Zhang and Yuan

2020). In a meta-analytic review, Thomson and Derwing (2015) found that 52

per cent of the studies on pronunciation instruction included in their analysis

investigated segmental training, 18 per cent focused on suprasegmental train-

ing, and 30 per cent dealt with both, usually in combined lessons but occa-

sionally as separate comparison groups. Unfortunately, these studies including

long suprasegmental instruction paradigms used a varied set of techniques

that ranged from explicit instruction involving theoretical presentation–prac-

tice–production sequences (e.g. Gordon et al. 2013) to more implicit
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techniques involving musical and rhythmic activities (e.g. Derwing et al.

1998), making a full synthesis of the results difficult. Moreover, as pointed out

by the authors and also by Lee et al. (2015), most of the studies failed to pro-

vide a sufficiently thorough description of the training activities involved.

To our knowledge, only a small set of implicit prosodic training techniques

involving music- and prosodic-based activities (some with visual feedback)

have been empirically tested to assess their value for second language pronun-

ciation improvement. Some studies have found that musical activities high-

lighting the rhythmic and melodic properties of language are helpful in

improving L2 pronunciation. In a 12-week instruction study with a pre- and

posttest design, Derwing et al. (1998) used rhythmic chants to train learners to

count the number of syllables and stresses, tap out the beats, and use non-

sense syllables to focus on rhythm. The authors found this type of training

more beneficial than segmental training on the comprehensibility and fluency

of spontaneous speech in a narrative task. More recently, Good et al. (2015)

found a positive effect of teaching a short passage in a sung modality com-

pared with spoken modality on the pronunciation of L2 vowels sounds. Ludke

(2018) compared L2 instruction with singing and song listening activities to

L2 instruction with visual arts (drawing and creating cartoons) and drama

activities and found higher performance on intonation and flow of speech in

the singing and song group. In a different approach, computer-assisted learn-

ing based on the development of speech analysis technology can also be used

to teach L2 suprasegmental features by allowing learners to compare the vis-

ual representation of target pitch contours produced by native speakers to

their own output and try to adjust it accordingly (e.g. de Bot 1983; Hardison

2004; Ram�ırez Verdugo 2006; Hincks and Edlund 2009; Tanner and Landon

2009; Liu and Tseng 2019) or by juxtaposing a computerized set of percussive

sounds over target sentences to provide additional rhythmic cueing (Wang

et al. 2016).

Embodied prosodic instruction in the classroom

In practice, it is not uncommon to see teachers spontaneously use co-speech

gestures when explaining difficult pronunciation features. For example, based

on the observation of audiovisual corpus, Tellier (2008) gave a description of

the pedagogical gestures employed to teach pronunciation, in particular ges-

tures that enable the students to visualize and feel the prosodic characteristics

of speech. She mentioned that language teachers use flat, rising, and falling

hand movements to imitate sentence intonation (see also Smotrova 2014).

Hudson (2011) described horizontal movements of the hands or lateral move-

ments of the body to represent vowel duration. Finally, beat gestures, tapping,

or clapping rhythms function as a way to distinguish syllables or to indicate

stress position (Hudson 2011; Baker 2014; Chan 2018).

The essential haptic-integrated English pronunciation (EHIEP) framework

developed by Acton et al. (2013) proposes coupling speech with systematic
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hand movement, kinesthetic and tactile techniques to teach segmental (vow-

els and consonants) and suprasegmental (stress, rhythm, intonation) features.

For example, tapping on one’s own shoulder and arm with different inten-

sities when uttering stressed and unstressed syllables (butterfly technique, Burri

and Baker 2016) or performing boxing-like movements to physically experi-

ence rhythm and stress prominence (rhythmic fight club technique, Burri et al.

2016).1

Another approach to pronunciation teaching is known as the verbotonal

method (henceforth, VT, e.g. Renard 2002; Guberina 2008), which is based on

the notion that prosody acts as a frame for pronunciation development and

should be taught from the first stages of language learning. This is achieved

notably through the repetition of logatomes combined with visuospatial hand

gestures that mimic the intonation and rhythm of the sentence (Billières

2002). A logatome is a series of same consonant–vowel nonsense sequences

(e.g. /dadada/) that remove any target segmental information but keep the

prosodic structure of the sentence intact. Repeating meaningless CV syllables

in this fashion allows learners to focus on the suprasegmental features of tar-

get utterances while keeping the segmental content controlled [see Billières

(2002) for a full explanation of the use of logatomes in the VT method]. In

addition, the role of the body as a supporting tool is fundamental to this ap-

proach, as stated by Guberina (1965, p. 151):

L’ensemble acoustique de toutes les langues contient certains fac-
teurs structuraux qui sont immanents à notre être biologique. La
tension, l’intensit�e, le rythme les tonalit�es sont des formes biologi-
ques de l’homme. [The acoustic ensemble of all languages contains
certain structural factors that stem from our biological nature.
Tension, intensity, rhythm and tonality are all products of human
biology]

Billières (2002) further describes the benefits of accompanying logatomes

with hand gestures—what we will henceforth refer to as embodied logatomes—

to mimic the intonation, rhythm, and stress patterns of the target sentence for

learning purposes. The repetition of embodied logatomes is generally per-

formed before the repetition of full target sentences, as the repetition of

embodied logatomes is believed to have a priming effect and thereby augment

the saliency of the target sentences’ prosodic features.

Benefits of embodied prosodic training: empirical evidence

To our knowledge, only a few studies have empirically assessed the effects of

using hand gestures on pronunciation, however not directly within the frame-

work of embodied learning. For example, the perception and production of

rhythmic movements such as simple up-and-down or back-and-forth motions

of the hands—also called beat gestures—have been found to aid Catalan learn-

ers’ accentedness and fluency in English (Gluhareva and Prieto 2017; Llanes-
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Coromina et al. 2018). Recent studies have investigated the role of handclap-

ping in second language pronunciation and found it beneficial for the percep-

tion of Japanese long vowels in English speakers (Iizuka et al. 2020) and the

accentedness of young, Catalan, and Chinese naı̈ve learners of French (Zhang

et al. 2020; Baills and Prieto 2021). Hand gestures depicting specific supraseg-

mental properties such as vowel duration in Japanese (durational gesture, Li

et al. 2020) and intonation contours in Spanish (pitch gesture, Yuan et al.

2019) have also shown positive effects on the pronunciation of these

features.2

Regarding more classroom-based approaches, only a few empirical studies

have assessed the potential beneficial effects of embodied prosodic training

for L2 pronunciation through the EHIEP and VT techniques. Mister et al.

(2021) tested the rhythmic fight club technique during a five-day workshop

with 16 adult learners of English. They found that drawing attention to word

stress patterns through kinesthetic/tactile training during both controlled and

more spontaneous productive activities. Results indicate that learners in-

creasingly improved the recall and the correct stress placement of the target

words over the course of the intervention. However, this study did not in-

clude a control group and it remains unclear whether the technique

employed in the training would outperform other kinds of non-embodied

techniques. Alazard et al. (2010) found that eight weeks of global VT phonetic

training sessions improved learners’ fluency in L2 French more than training

sessions based on reading aloud, text comprehension, and creative writing.

However, it remains unclear whether the gains were due to the listen-and-

repeat tasks, the use of the logatomes, or the use of hand gestures. Later,

Alazard (2013) compared the VT method with the articulatory method, which

involves the explicit teaching of segments’ articulatory properties, and found

that after four weeks, participants following the VT method showed signifi-

cantly higher gains in their fluency, in particular when their French pronun-

ciation was worse at the outset. However, this advantage disappeared after

eight weeks of training. According to the author, the introduction of written

activities during the second half of the course, and more specifically the intel-

lectualization that goes with this type of activities, instead of improving read-

ing fluency, may have led to a decline in pronunciation performance. These

results indicate that it may also be necessary to practice oral-reading

pronunciation.

All in all, while previous research has been mostly centred on testing specif-

ic prosodic aspects in laboratory settings, classroom-based studies remain

scarce and reveal inconsistent results. Therefore, more empirical research is

needed to assess the effects of embodied pronunciation teaching, in particular

research with more classroom-based, learner-oriented experimental designs.

Importantly, training pronunciation with visuospatial gestures mimicking the

prosodic features of the target language does not only have pedagogical impli-

cations but also allows for the testing of the predictions of Embodied

Cognition Theory for phonological learning.
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The present study

The present study aimed to assess the efficacy of embodied pronunciation

training on oral reading through visuospatial hand gesture movements mim-

icking the melodic and rhythmic patterns of target sentences. We hypothe-

sized that embodied prosodic training involving the imitation of logatomes

and gestures would yield greater improvements in oral-reading pronunciation

than prosodic training that involved repeating logatomes, compared with a

baseline condition where participants repeated speech only.

The participants for the present study were bilingual Catalan–Spanish

speakers learning French as an additional language. Despite the close relation-

ship between the Romance languages, Catalan learners face clear challenges

in the acquisition of French prosody. Unlike French, Catalan does not have a

phrasal-marked Accentual Phrase (AP) constituent (Prieto et al. 2015). In

French, the AP may group together more than one lexical word plus the

accompanying clitics, and it is characterized by the presence of an obligatory

final pitch accent and an optional initial rise, which have a demarcative func-

tion (Delais-Roussarie et al. 2015). This means that while stress functions on a

phrasal level in French, marking right—and optionally left—phrase bounda-

ries (see, among others, Di Cristo and Hirst 1993; Jun and Fougeron 1995,

2000; Delais-Roussarie et al. 2015), in Catalan, as in Spanish, it works on a lex-

ical level (MacPherson 1975; Mascaró 1976). As a consequence of the lack of

lexical stress in French, there is a strong syncretism between accentuation,

phrasing, and intonation, while, by contrast, Catalan and Spanish generally

group two or three prosodic words, with no initial or final demarcative tonal

features (Nibert 2000; Prieto et al. 2015). A second basic difference between

the two languages lies in the phonetic properties of stress realization, which

mainly affects the duration of the stressed syllable. French stress is realized by

a more extreme lengthening of the stressed phrase-final syllable, and more

particularly of the full vowel, than what is seen in Catalan (Fletcher 1991;

Vaissière 1991; Di Cristo and Hirst 1993; Ast�esano 2001). This was demon-

strated by Baills and Prieto (2021), who carried out an exploratory acoustic

analysis comparing the duration of sentence-final stressed and unstressed syl-

lables in 20 pairs of cognate words in Catalan and French (e.g. balcó—balcon

‘balcony’) and detected significantly longer phrase-final syllable durations in

the French words.

Reading aloud is a common language classroom practice in any number of

activities, despite the fact that it may hinder comprehension [e.g. Gabrielatos

2002; but see Gibson (2008) for exceptions]. For the purpose of teaching pro-

nunciation, it may strengthen the grapho-phonemic correspondences of the

L2 (e.g. Gibson 2008) and improve learners’ fluency (e.g. Klomjit 2013).

Riquelme Gil et al. (2017) tested the repeated reading method3 by asking

young Spanish learners of English to read short passages from a story book

both silently and aloud over the course of six weeks. They found that, after

the intervention, participants produced less pronunciation errors in three
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different tasks carried out at pre- and posttest: re-reading of the original text,

reading of an unknown text, and spontaneous speech. In this study, we

adopted the repeated reading method as a way to introduce our stimuli and

training materials.

Finally, oral proficiency in a language is most often rated in terms of com-

prehensibility, fluency, and accentedness (e.g. Munro and Derwing 2015).

However, more concrete features, from a wide range of suprasegmental fea-

tures (e.g. Munro 1995; Trofimovich and Isaacs 2012; Saito et al. 2016) to seg-

ments with high functional load (e.g. Suzukida and Saito 2019), can also be

rated to evaluate pronunciation accuracy. Thus, five dimensions were selected

here to assess participants’ pronunciation before and after training: compre-

hensibility, fluency, accentedness, segmental accuracy, and suprasegmental

accuracy. This is in keeping with the view expressed by Saito and Plonsky

(2019) that a truly comprehensive assessment of the effects of pronunciation

instruction on L2 speech must take into account both holistic and specific lev-

els of measurement.

METHODS

Participants

Seventy-five first- or second-year students doing undergraduate degrees in

Translation and Interpreting or Applied Language at the Universitat Pompeu

Fabra in Barcelona participated in this study. They were all enrolled in an

intermediate-level French course, which consisted of 90 min of language the-

ory and 60 min of language practice (including a variety of oral and written

activities) per week over a four-month term. This pronunciation training

study was incorporated into the French course and took place over five weeks.

Participation was therefore mandatory for all students. The actual pronunci-

ation training was carried out by the first author.

All of the students reported themselves to be Catalan–Spanish bilinguals.

Results of a preliminary questionnaire showed that as a group they used

Catalan 61% of the time on average in their daily lives (SD¼28.4).

Participants self-reported their French proficiency to be between CEFR levels

A2 and B1. They also reported that they had studied English as a foreign lan-

guage to one extent or another. Prior to participation in this study, they all

signed a form consenting to the use of audio recordings of their speech for the

purposes of this research.

The 75 participants were randomly assigned to one of the three conditions

such that the speech-only group contained 27 participants (Mage ¼ 20.04,

SD¼ 2.87 2 males), the non-embodied logatome group contained 22 (Mage ¼
19.79, SD¼1.32, 4 males), and the embodied logatome group contained 26

(Mage ¼ 19.80, SD¼1.37 2 males).

An a priori power analysis was conducted using G*power3 to test the inter-

action between groups and tests (ANOVA: repeated measures, within-
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between factors; medium target effect size g2¼0.04, alpha ¼ 0.05). Results

showed that a total sample of 66 participants was required to achieve a power

of 0.95.

Audiovisual stimuli for the pronunciation training sessions

All the materials used in this experiment can be seen in Online Appendix A

and are openly available at https://osf.io/93pdw.

The materials used in the training sessions consisted of dialogues taken

from a French-language textbook that focuses on teaching oral skills

through meaningful, enjoyable texts (Martins and Mabilat 2003). Nine

dialogues were used in the training sessions, with a different set of three

employed in each of the three sessions. While the intention was to select

target dialogues that did not include novel vocabulary, a short glossary in

Catalan was provided adjacent to each text to be read clarifying any words

that might be unfamiliar to lower-level participants. In addition, dialogues

were chosen such that the oral performance of the dialogues would in-

clude a variety of intonation contours arising from different situational

contexts.

A total of five sentences in each dialogue were selected (around 42% of the

total number of sentences) to be target stimuli for repetition during the train-

ing sessions. Video recordings were then made of three instructors performing

these five stimuli in the three experimental conditions. The instructors (two

female and one male) were two specialists in the VT method and the first au-

thor of this study. Recording took place over 4 h at the second author’s uni-

versity broadcasting studio with professional equipment and help from a

technical assistant (see Online Appendix B for a detailed description of the

recording procedure).

In all recordings, the frame of the image was set to show the upper half of

each instructor’s body to allow a clear view of the face and all hand move-

ments. For the speech condition, the instructors simply pronounced the target

sentences clearly while standing still. For the non-embodied logatome condi-

tion, the logatome consisted of pronouncing the syllable ‘da’ instead of the

phrase’s syllables, but without changing the intonation of the phrase. As for

the embodied logatome condition, as the logatome was uttered, the right

hand, palm open facing downwards, made a sweeping left-to-right movement

across the body at chest level that mimicked through upwards and downwards

movements the rises and falls of the pitch contours of their oral utterance as

they spoke. Importantly, these movements served to depict not only inton-

ational pitch movements but also the rhythmic features of their speech by

increased or decreased velocities and short pauses in the hand’s movement.

Figure 1 shows sequences of video stills from a sample stimulus trial in the

non-embodied (top panel) and embodied logatome condition (middle panel),

as well as the pitch contour and corresponding logatome ‘da’ syllables (bottom

panel).
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The video clips were edited in Adobe Premiere Pro 13 to create three sets of

stimulus materials corresponding to one of the experimental conditions

(speech-only, non-embodied logatome plus speech, and embodied logatome

plus speech). Figure 2 shows the training sequence for each sentence. The in-

structor pairs varied throughout the stimuli for the nine dialogues; however,

the combination for each dialogue was consistent across the three conditions.

Therefore, all participants were able to listen to the three instructors through-

out the course of the training.

Finally, the nine dialogues were acted out by amateur actors in different ap-

propriate locations, either in France or in Catalonia (but using French native

speakers), and video-recorded. After each dialogue had been trained, the par-

ticipants would be shown the corresponding enactment as a kind of wrap-up

activity (these video files are available at https://osf.io/93pdw).

Thus, the final material for each session consisted of three training videos

(five sentences each) in one of the experimental conditions, each one followed

by the enactment of the full source dialogue as a wrap-up. This material was

embedded in online presentation format using Alchemer3 software,

Figure 1: Stills from stimulus videos showing an instructor performing in the
non-embodied (top panel) and embodied logatome conditions (middle panel).
In this case, the target sentence is Je suis d�esol�ee, votre lettre n’est pas là ‘I am
sorry, your letter is not here’. Acoustic data and the intonation pattern of the
logatome sequence are shown in the bottom panel.
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accompanied by written instructions. Since training involved three separate

sessions, three such presentations were prepared for each condition.

Pretest and posttest materials and control measures

Participants’ pronunciation was tested before and after training by means of a

dialogue-reading task. The pretest and posttest were identical and consisted of

four dialogues to be read aloud, three of them also appearing in a training ses-

sion (one dialogue from each set of three used in the training sessions) and

the fourth being untrained. These materials as well as corresponding instruc-

tions were uploaded to the same online presentation platform as the training

materials and could be accessed by a link provided by the teacher.

Two sets of data were gathered to control for potential differences between

groups. The first set covered participants’ self-reported proficiency in French

and prior experience learning that language. This questionnaire yielded

four separate scores per participant: the number of years spent learning

French; the number of months spent learning French as an extracurricular ac-

tivity (outside school/university); the number of months spent abroad in a

Figure 2: Audiovisual training sequence for each sentence.
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French-speaking country; and a nominal value from 1 to 6 indicating self-

reported proficiency in French (A1¼1, A2¼ 2, B1¼ 3, B2¼4, B2¼4, C1¼ 5,

and C2¼6).

The second set of data, which was gathered at the end of the posttest, was a

rating of the participants’ satisfaction with regard to the pronunciation train-

ing they had received. This online questionnaire asked the participants to rate

their satisfaction with the pronunciation training they had received by react-

ing to the following statements on a scale from 1 (‘I strongly disagree’) to 9 (‘I

strongly agree’): (i) I liked these pronunciation training sessions; (ii) I

improved my pronunciation; and (iii) I would like to repeat this kind of activ-

ity with other texts.

Procedure

Figure 3 provides an overview of the experimental design of the three-session

training programme with pre- and posttest.

A week prior to the first training session, participants received from their re-

spective French language instructors a link to the website containing the

materials for the pretest task, which consisted of video-recording themselves

as they read aloud four dialogues. The full task took on average 10 min. They

were required to complete the task and upload the resulting video files to a

shared folder within three days of having received the link from their instruct-

or. Participants were asked to carry out the pretest using their own computer

and headset in a quiet environment. The purpose of video recording was to

ensure that the tasks were performed properly and uploaded student record-

ings were regularly checked by the first author for this purpose. The audio

tracks from the recordings were then extracted and saved for further analysis.

The experimental training took place in three separate sessions over three

weeks during the regular class period of participants’ French course. All ses-

sions took place on the university premises in individual soundproofed booths

equipped with computers and microphones. Before starting the first training

session, the students answered the language questionnaire. The teacher then

emailed a link to one of three separate sets of training materials, depending on

the experimental group to which the participant had been randomly assigned

previously. After reading some initial instructions, participants then com-

pleted the training procedure individually at their own pace, recording their

speech output throughout using Audacity software. The training procedure

consisted of completing a set of subtasks associated with three dialogues.

Figure 4 shows the sequence of subtasks related to one dialogue. Participants

moved from one step in the process to the next by clicking on their keyboard.

The order of presentation of the dialogues was randomized automatically by

the software. Each full training session lasted roughly 30 min, about 10 min

per dialogue unit.

Once they had completed all three training tasks, participants stopped the

recording process and uploaded the resulting audio file to a shared folder.
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While the training session was in progress, the instructor monitored partici-

pant behaviour from outside the individual booths, particularly to ensure that

participants in the embodied logatome training were duly performing the

required hand movements. Because the class period was longer than the time

required for the training session, once they had completed the training task,

participants then proceeded to complete other language-learning activities

assigned by their instructor.

One week after the third and last training session took place, participants

took the posttest, which, like the pretest, consisted of recording themselves

reading four dialogues aloud and then uploading the recordings to a shared

folder.

Pronunciation assessment

The pronunciation assessment was carried out by three raters (two female and

one male), all native speakers of French with extensive L2 teaching experi-

ence with Catalan learners. They took part in a 1-h training session to receive

detailed explanations about the five dimensions they were to evaluate and

instructions on how to apply the nine-point assessment scales (1¼worst

score, 9¼ best score) with which they would rate participant output on each

of the five dimensions. They then individually practised applying these scales

using five sample dialogues read by the participants and the first author pro-

vided feedback to ensure a clear understanding of the five dimensions.

Figure 3: Diagram of the experimental design of the training programme.

Figure 4: Procedure of a trial involving one dialogue. Each full training session
consisted of three such sequences.
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Each rater evaluated the totality of speech samples taken from participant-

recorded pretest and posttest audio files [(4 pretest dialogues þ 4 posttest dia-

logues) � 75 participants¼600 audio files] for each of the five pronunciation

dimensions, giving a total of 3,000 scores. The speech samples consisted of the

full dialogues (durations in s: M¼27.86, SD¼ 6.07 for dialogue 1, M¼ 41.28,

SD¼ 7.78 for dialogue 2, M¼ 27.61, SD¼ 4.83 for dialogue 3, and M¼ 27.39,

SD¼ 4.84 for dialogue 4) and were randomized and grouped into 16 different

batches using Alchemer online software. Each batch took about 1 h to rate.

While we advised the raters to take only short breaks during each batch rating,

so as not to lose the data, we recommended they rested as much as needed be-

tween each batch in order to avoid listener fatigue. The raters rated the dataset

at home over the course of seven days by completing one to three batches per

day. They received monetary compensation for their work.

The items’ internal consistency was checked by means of Cronbach’s alpha

and satisfactory coefficients were obtained (0.93 for comprehensibility, 0.92

for fluency, 0.79 for accentedness, 0.92 for segmental accuracy, and 0.88 for

suprasegmental accuracy). Interrater reliability was assessed by calculating the

intraclass correlation coefficient (two-way random, absolute agreement, see

Landers 2015), showing moderate to good agreement among the raters: ICC ¼
0.56, F(599 1198) ¼ 2.29, p < 0.001, 95% CI [0.50, 0.62] for comprehensibil-

ity; ICC ¼ 0.64, F(599 1198) ¼ 2.79, p < 0.001, 95% CI [0.59, 0.69] for flu-

ency; ICC ¼ 0.73, F(599 1198) ¼ 3.76, p < 0.001, 95% CI [0.69, 0.77] for

accentedness; ICC ¼ 0.61, F(599 1198) ¼ 2.59, p < 0.001, 95% CI [0.56, 0.66]

for segmental accuracy; and ICC ¼ 0.72, F(599 1198) ¼ 3.64, p < 0.001, 95%

CI [0.68, 0.76] for suprasegmental accuracy.

Statistical analyses

Statistical analyses were carried out with IBM SPSS 23. Two databases were

set up, one sorted by participants and the other sorted by items (i.e. stimulus

sentence). In order to test for homogeneity across the three groups, the

participant-sorted database was used to show individual scores for the self-

reported French language proficiency measures and satisfaction with the

training experience. As the measures showed a skewed distribution, differen-

ces between groups and mean satisfaction scores across groups were explored

by means of a non-parametric Kruskal–Wallis H test.

The item-sorted database was used to analyse the effect of type of training

(speech versus logatome versus embodied logatome) on participant pronunci-

ation measures. Five general linear mixed models (GLMMs) were run, each

with one of the following dependent variables: comprehensibility, fluency,

accentedness, segmental accuracy, and suprasegmental accuracy. For all these

variables, Shapiro–Wilk tests showed that the scores were positively skewed.

Therefore, an inverse Gaussian distribution with a log function was specified

in each model. Group (three levels: speech-only, logatome, and embodied

logatome), session (two levels: pretest and posttest), and Group � Session and
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familiarity (two levels: trained and untrained items) were set as fixed factors;

random intercepts were set for participants and for items. Sequential

Bonferroni pairwise comparisons were used.

RESULTS

Homogeneity across groups

Results of the Kruskal–Wallis H test showed that there was no significant dif-

ference between the three groups in terms of age, v2(2) ¼ 0.62, p ¼ 0.73; years

of learning French, v2(2) ¼ 0.36, p ¼ 0.84; months of extra-curricular French

lessons, v2(2) ¼ 0.80, p ¼ 0.77; months of stay abroad, v2(2) ¼ 0.45, p ¼ 0.80;

and self-assessed French proficiency, v2(2) ¼ 3.02, p ¼ 0.22 (see Table 1).

Training effects

A general improvement between pre- and posttest was observed in all the

measures. A general view of the results is presented in Figure 5. The descrip-

tive results are gathered in Table 2. Below, we report only the significant

results. All the inferential statistical results are available in Online Appendix

C.

The result of the GLMM with comprehensibility as the dependent variable

showed a significant effect of session, F(1, 1793) ¼ 18.63, p < 0.001, g2 ¼
0.01, 90% CI [0.004, 0.02]. No significant effect of group, Session � Group, or

familiarity was found. Post hoc analyses revealed a significant effect of session

for the three groups, F(1, 1793) ¼ 4.28, p ¼ 0.04, g2 ¼ 0.002, 90% CI [0.0076,

0.0079] for the speech-only group, F(1, 1793) ¼ 3.57, p ¼ 0.059, g2 ¼ 0.002,

90% CI [0, 0.007] for the non-embodied logatome group, and F(1, 1793) ¼
12.56, p < 0.001, g2 ¼ 0.007, 90% CI [0.002, 0.015] for the embodied loga-

tome group.

The result of the GLMM with fluency as the dependent variable showed a

significant effect of session, F(1, 1793) ¼ 96.50, p < 0.001, g2 ¼ 0.05, 90% CI

[0.973, 0.976]. No significant effect of group, Group � Session, or familiarity

was found. Post hoc analyses revealed a significant effect of session for the

three groups, F(1, 1793) ¼ 28.03, p < 0.001, g2 ¼ 0.01, 90% CI [0.007, 0.026]

for the speech-only group, F(1, 1793) ¼ 25.84, p < 0.001, g2 ¼ 0.01, 90% CI

[0.006, 0.025] for the non-embodied logatome group, and F(1, 1793) ¼ 44.57,

p < 0.001, g2 ¼ 0.02, 90% CI [0.01, 0.04] for the embodied logatome group.

The result of GLMM with accentedness as the dependent variable showed a

significant effect of session, F(1, 1793) ¼ 68.14, p < 0.001, g2 ¼ 0.03, 90% CI

[0.02, 0.05], and Group � Session, F(2, 1793) ¼ 7.38, p ¼ 0.001, g2 ¼ 0.008,

90% CI [0.002, 0.016]. No significant effect of group or familiarity was found.

Post hoc analyses revealed a significant effect of session for the three groups,

F(1, 1793) ¼ 9.28, p ¼ 0.002, g2 ¼ 0.005, 90% CI [0.001, 0.012] for the

speech-only group, F(1, 1793) ¼ 11.53, p ¼ 0.001, g2 ¼ 0.006, 90% CI [0.002,

16 EMBODIED PROSODIC TRAINING

https://academic.oup.com/applij/article-lookup/doi/10.1093/applin/amac010#supplementary-data
https://academic.oup.com/applij/article-lookup/doi/10.1093/applin/amac010#supplementary-data


Table 1: Descriptive statistics and rank mean values for age and French profi-
ciency measures in each group

Group M SD SE 95% CI Rank
mean

Age Speech only 20.04 2.91 0.55 [18.91 21.16] 35.64
Non-embodied logatome 19.82 1.37 0.29 [19.21 20.42] 39.93
Embodied logatome 19.76 1.30 0.26 [19.22 20.30] 38.94

Formal instruction
in French

Speech only 4.25 2.58 0.49 [3.25, 5.25] 36.20
Non-embodied logatome 4.41 2.01 0.43 [3.51, 5.30] 39.73
Embodied logatome 5.08 3.84 0.76 [3.49, 6.66] 38.50

Extra-curricular
instruction
in French

Speech only 0.71 1.01 0.19 [0.32 1.11] 38.20
Non-embodied logatome 0.81 1.11 0.24 [0.31 1.30] 39.95
Embodied logatome 0.73 1.36 0.27 [0.17 1.29] 36.06

Stay abroad Speech only 0.69 1.53 0.29 [0.09 1.28] 36.91
Non-embodied logatome 0.84 1.72 0.36 [0.08 1.60] 37.14
Embodied logatome 0.66 1.26 0.25 [0.14 1.18] 39.98

Self-reported
proficiency

Speech only 3.71 0.71 0.13 [3.44, 3.99] 35.57
Non-embodied logatome 3.73 0.93 0.20 [3.31, 4.14] 34.52
Embodied logatome 4.04 0.89 0.18 [3.67, 4.41] 43.78

Figure 5: Mean rating scores at pre- and posttest for the five pronunciation
measures. Significant contrasts are labelled with asterisks (***p < 0.001).
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0.014] for the non-embodied logatome group, and F(1, 1793) ¼ 61.91, p <
0.001, g2 ¼ 0.03, 90% CI [0.02, 0.05] for the embodied logatome group, as

well as a significant difference between groups at posttest only, F(2, 1793) ¼
3.50, p ¼ 0.03, g2 ¼ .004, 90% CI [0.0001, 0.009], with significantly higher

Table 2 Mean, standard deviation, standard error, and 95% confidence intervals at pre- and posttest

for the speech only group, the non-embodied logatome group, and the embodied logatome group,

and for trained and untrained items (Familiarity) in the five pronunciation assessment measures

Comprehensibility Fluency

Mean SD SE 95% CI Mean SD SE 95% CI

Speech only Pretest 7.29 1.41 0.08 [7.13, 7.44] 7.29 1.41 0.08 [7.13, 7.44]

Posttest 7.49 1.30 0.07 [7.35, 7.63] 7.49 1.30 0.07 [7.35, 7.63]

Non-embodied

logatome

Pretest 7.32 1.43 0.09 [7.15, 7.50] 7.32 1.43 0.09 [7.15, 7.50]

Posttest 7.53 1.36 0.08 [7.36, 7.70] 7.53 1.36 0.08 [7.36, 7.70]

Embodied

logatome

Pretest 7.30 1.39 0.08 [7.30, 7.46] 7.30 1.39 0.08 [7.30, 7.46]

Posttest 7.67 1.10 0.06 [7.54, 7.79] 7.67 1.10 0.06 [7.54, 7.79]

Familiarity Trained 7.44 1.35 0.04 [7.37, 7.51] 7.44 1.35 0.04 [7.37, 7.51]

Untrained 7.40 1.33 0.06 [7.28, 7,52] 7.40 1.33 0.06 [7.28, 7,52]

Accentedness Segmental accuracy

Mean SD SE 95% CI Mean SD SE 95% CI

Speech only Pretest 5.93 1.27 0.07 [5.80, 6.07] 6.29 1.31 0.07 [6.14, 6.43]

Posttest 6.18 1.23 0.07 [6.05, 6.31] 6.49 1.26 0.07 [6.35, 6.62]

Non-embodied

logatome

Pretest 5.94 1.22 0.07 [5.79, 6.09] 6.27 1.34 0.08 [6.11, 6.43]

Posttest 6.25 1.15 0.07 [6.11, 6.39] 6.60 1.30 0.08 [6.35, 6.62]

Embodied

logatome

Pretest 5.92 1.16 0.07 [5.79, 6.06] 6.28 1.34 0.08 [6.12, 6.43]

Posttest 6.61 1.05 0.06 [6.49, 6.73] 6.63 1.25 0.07 [6.49, 6.78]

Familiarity Trained 6.14 1.20 0.03 [6.08, 6.20] 6.42 1.31 0.04 [6.35, 6,49]

Untrained 6.13 1.23 0.06 [6.02, 6.24] 6.43 1.31 0.06 [6.31, 6.55]

Suprasegmental accuracy

Mean SD SE 95% CI

Speech only Pretest 6.69 1.16 0.06 [6.57, 6.81]

Posttest 7.18 0.99 0.05 [7.07, 7.28]

Non-embodied

logatome

Pretest 6.61 1.20 0.07 [6.46, 6.76]

Posttest 7.24 1.04 0.06 [7.12, 7.37]

Embodied

logatome

Pretest 6.67 1.22 0.07 [6.53, 6.80]

Posttest 7.55 0.95 0.05 [7.44, 7.66]

Familiarity Trained 7.01 1.17 0.03 [6.95, 7.07]

Untrained 6.93 1.08 0.05 [6.83, 7.03]
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improvement in the embodied logatome group than in the speech-only group,

p ¼ 0.04.

The result of the GLMM with segmental accuracy as the dependent variable

showed a significant effect of session, F(1, 1793) ¼ 27.44, p < 0.001, g2 ¼
0.01, 90% CI [0.007, 0.02]. No significant effect of group, Session � Group, or

familiarity was found. Post hoc analyses revealed a significant effect of session

for the three groups, F(1, 1793) ¼ 4.79, p¼0.03, g2 ¼ 0.003, 90% CI [0.0001,

0.008] for the speech-only group, F(1, 1793) ¼ 10.21, p ¼ 0.001, g2 ¼ 0.006,

90% CI [0.001, 0.01] for the non-embodied logatome group, and F(1, 1793) ¼
12.28, p < 0.001, g2 ¼ 0.007, 90% CI [0.002, 0.01] for the embodied logatome

group.

The result of the GLMM with suprasegmental accuracy as the dependent

variable showed a significant effect of session, F(1, 1793) ¼ 197.89, p < 0.001,

g2 ¼ 0.10, 90% CI [0.08, 0.12], and Session � Group, F(2, 1793) ¼ 6.25, p ¼
0.002, g2 ¼ .007, 90% CI [0.002, 0.01]. No significant effect of group or famil-

iarity was found. Post hoc analyses revealed a significant effect of session for

the three groups, F(1, 1793) ¼ 39.59, p < 0.001, g2 ¼ 0.02, 90% CI [0.01,

0.03] for the speech-only group, F(1, 1793) ¼ 52.89, p < 0.001, g2 ¼ 0.03,

90% CI [0.02, 0.04] for the non-embodied logatome group, and F(1, 1793) ¼
116.32, p < 0.001, g2 ¼ 0.06, 90% CI [0.04, 0.08] for the embodied logatome

group, as well as a significant difference between the embodied logatome

group and the speech-only group at posttest, F(2, 1793) ¼ 3.40, p ¼ 0.03, g2 ¼
0.004, 90% CI [0.0001, 0.009].

In sum, results showed a significant improvement in read–speech compre-

hensibility, fluency, accentedness, segmental accuracy, and suprasegmental

accuracy after training in all the three groups, with higher effect sizes for the

embodied logatome group in all the measures. In addition, the embodied loga-

tome group improved significantly more than the speech-only group in terms

of accentedness and suprasegmental accuracy, while the non-embodied loga-

tome group did not (see Online Appendix C for fixed effects and contrast esti-

mates). No significant differences were found between trained and untrained

items, showing that participants improved equally in their pronunciation of

French when reading a text aloud regardless of whether they had received

prior training with that particular text or not.

Satisfaction with training

Results of the general satisfaction questionnaire showed high degrees of satis-

faction for the three measures, as shown in Table 3. The Kruskal–Wallis H test

showed that there was no statistically significant difference among the groups

in terms of likeability of the activity [v2(2) ¼ 4.18, p ¼ 0.12, with a mean rank

score of 79.72 for the speech-only group, 64.31 for the non-embodied loga-

tome group, and 68.41 for the embodied logatome group], self-perception of

improvement [v2(2) ¼ 3.58, p ¼ 0.17, with a mean rank score of 79.54 for the

speech group, 68.17 for the non-embodied logatome group, and 65.11 for the
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embodied logatome group], and interest in repeating the activity [v2(2) ¼
76.06, p ¼ 0.53, with a mean rank score of 76.06 for the speech group, 66.83

for the non-embodied logatome group, and 70.41 for the embodied logatome

group].

DISCUSSION

The present study explored the effects of embodied prosodic training via

visuospatial gestures depicting rhythm and intonation on overall (comprehen-

sibility, fluency, and accentedness) and specific (segmental and suprasegmen-

tal accuracy) measures of pronunciation with Catalan intermediate learners of

French. This embodied training was embedded in repeated reading and oral

imitation activities, while the effects on pronunciation were assessed through

an oral-reading task. One week after the last session of our intervention, the

speech-only group, the non-embodied prosodic group (logatome only), and

the embodied logatome group (logatome and gesture) significantly improved

in all the measures compared with pretest. Our results revealed that partici-

pants in the embodied logatome group obtained significantly higher gains

compared with the speech-only group in terms of accentedness and supraseg-

mental accuracy, while the non-embodied logatome group did not.

Nonetheless, the difference between the non-embodied and embodied loga-

tome groups was not significant in any of the measures, despite systematic

larger effect sizes in the improvement between pretest and posttest for the

embodied logatome group. These results demonstrate that only when accom-

panied by a gesture did the logatome result in a superior effect on learning

outcomes.

Our results provide evidence that the embodiment of a phonological feature

in a foreign language helped learners process this specific feature more effi-

ciently: embodying prosody directly improved the scores on suprasegmental

Table 3 Mean results for the satisfaction questionnaire across the three groups
based on a 1–9 scale, from 1 (‘I strongly disagree’) to 9 (‘I strongly agree’)

Group Mean SD SE 95% CI
for mead

I liked the pronunciation
training sessions

Speech only 8.30 0.82 0.11 [8.07, 8.52]
Non-embodied logatome 7.81 1.19 0.18 [7.44, 8.18]
Embodied logatome 7.74 1.58 0.23 [7.27, 8.21]

I think I improved my
pronunciation

Speech only 6.93 1.40 0.19 [6.54, 7.31]
Non-embodied logatome 6.48 1.67 0.26 [5.96, 7.00]
Embodied logatome 6.30 1.64 0.24 [5.82, 6.79]

I would like to repeat this
kind of activity with
other texts

Speech only 7.30 1.47 0.20 [6.89, 7.70]
Non-embodied logatome 6.71 2.10 0.32 [6.06, 7.37]
Embodied logatome 6.87 2.05 0.30 [6.26, 7.48]
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accuracy. The motoric action provided by the perception and the production

of the gesture may have reached the visuospatial phonological loop (Wilson

and Emmorey 1997) and may have been associated to the adequate mental

representation of rhythmic and melodic patterns, facilitating the processing

and the acquisition of such features. In the absence of the visuospatial gesture,

the ability of prosodic training with only logatomes to convey the saliency of

suprasegmental features may not have been sufficient to make a difference.

Our study thus supports the claims in favour of embodied techniques for

teaching pronunciation (e.g. Billières 2002; Acton et al. 2013; Chan 2018) and

sheds a new light on the mechanism behind the positive effects of rhythmic

embodied training involving rhythmic gestures (Gluhareva and Prieto 2017;

Llanes-Coromina et al. 2018) or hand clapping (Iizuka et al. 2020; Zhang et al.

2020; Baills and Prieto 2021), and embodied gesture training focusing on spe-

cific suprasegmental features (Yuan et al. 2019; Li et al. 2020).

At the practical level, our findings offer additional evidence of the efficacy

of one of the main features of the VT method, namely the use of embodied

logatomes. Though our findings confirm previous results that the use of

embodied logatomes may not provide an advantage for fluency measures

(Alazard 2013), they indicate that this method is able to boost pronunciation

learning in terms of accentedness and suprasegmental accuracy. It is of inter-

est to note in the present study the high level of participant satisfaction in all

groups, indicating that they felt at ease with a repetition paradigm involving

short dialogues, whether this included logatomes and embodiment or not.

This suggests that the introduction of novel, maybe unusual methodologies,

including using one’s body was not a hindrance to learning—on the contrary.

Hence, the use of embodied techniques may be of particular interest for lan-

guage teachers who detect the need to improve their learners’ pronunciation

at any time during their class, without requiring any materials or heavy

preparation.

The lack of any difference between the three training conditions for com-

prehensibility and fluency measures could be explained by the fact that supra-

segmental features may weigh less in these measures than in the accentedness

measure (e.g. Trofimovich and Isaacs 2012; Saito et al. 2016). However, the

larger effect sizes obtained for embodied prosodic training in both measures

may also point to a certain advantage for this type of training, which might be

amplified if the duration of the training period was extended. As Alazard

(2013) pointed out, a longer training period may be necessary to widen the

differences among the groups with respect to fluency scores. In addition,

regarding comprehensibility scores, it may be the case that these scores were

already too high to be able to detect sufficiently large differences between

groups and that effects may have been observed with learners of lower

proficiency.

In line with previous research that demonstrated the value of pronunciation

instruction, our results showed that 30 min of pronunciation training once a

week over three weeks helped improve significantly comprehensibility,
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fluency, and accentedness in L2 read speech regardless of the training method,

as our three experimental groups obtained significantly higher scores in those

measures at posttest. Moreover, following the recommendation by Saito and

Plonsky (2019), this study encompasses the three traditional overall measures

of pronunciation, as well as specific segmental and suprasegmental measures,

whereas previous literature tends to focus on only one of these aspects.

Furthermore, this improvement in pronunciation was evident even in the one

read dialogue for which they had not been trained, showing that participants

may have been able to generalize what they learned during training to an un-

trained item and adding some evidence on the generalization of pronunciation

gains after pronunciation training, an issue that is seldom raised (e.g. Levis

and Pickering 2004).

There are several limitations to the present study. First, we only obtained

moderate inter-rater reliability between the three raters. We think that per-

ceptively evaluating long samples of read-speech (between 20 and 40 s) on a

scale from one to nine might have allowed for more variability than evaluat-

ing single sounds or words. Second, our results are restricted to pronunciation

in read speech. Although our findings on oral reading can be considered useful

for improving learners’ pronunciation—notably, because oral reading is a

common task in the second language classroom—it is not clear whether the

benefits of the embodied logatome technique would extend to spontaneous

speech. As suggested by Saito and Plonsky (2019), more evidence is needed

on the effect of perceptive and productive phonologic training on learners’

pronunciation skills in spontaneous speech. In order to broaden the scope of

the present findings, future studies should take into account spontaneous

speech at both the training and testing stages through, for example, picture

description tasks. Third, in the present case, the posttest took place one week

after training. In light of research showing that gestures aid vocabulary and

grammar retention (Macedonia and Klimesch 2014; Nakatsukasa 2016) and

phonological learning over time (Li et al. 2021), it is likely that a delay longer

than one week between training and posttest would provide important infor-

mation about the durability of the benefits of embodied prosodic training on

the development of learners’ pronunciation.

Our study does not disentangle the respective benefits of producing and

observing the gesture in the embodied logatome group, that is, the effects of

training with gesture as opposed to just observing the models an equal num-

ber of times. Despite Eskildsen and Wagner’s (2013) observation that imitating

a speaker’s gesture may induce and sustain understanding of the item being

learned, the positive effects of gestures may stem from seeing the gesture per-

formed by the instructor rather than from making the gesture. In that respect,

there are few empirical studies directly comparing the effects of gesture per-

ception and production. While Baills et al. (2019) did not find any difference

between the perception and the production of pitch gestures for learning

Mandarin tones and words, Li et al. (2021) showed that gesture production

can be more beneficial only when the learner performs the gesture correctly.

22 EMBODIED PROSODIC TRAINING



Hence, further research should look at learners’ gestural performance as an

important factor when comparing gesture perception and production. For

these reasons, it would have been interesting to add a gesture-observation

group to the study and to control for individual differences in terms of gesture

production accuracy.

Finally, the design of this study did not allow for any interaction with or

feedback from the instructors, it was essential to strictly control potential dif-

ferences between the groups. However, it is highly likely that individual feed-

back would have enhanced the pronunciation learning outcomes, as previous

evidence suggests (Gordon et al. 2013; Lee et al. 2015). Most importantly, the

role of gesture in corrective feedback may be highly relevant (Nakatsukasa

2016; Wang and Loewen 2016; Thompson and Renandya 2020).

CONCLUSION

The Embodied Cognition paradigm has already opened up many possibil-

ities in the field of education, thanks in particular to the proven effects of

embodiment on memory for language learning (Madan and Singhal 2012;

Kiefer and Trumpp 2012; Macedonia 2019). In the field of second language

learning, gestures and movements embodying actions or objects in a for-

eign language help learners retain new vocabulary (e.g. Quinn-Allen

1995; Tellier 2008; Macedonia and Klimesch 2014). All in all, the results of

the present study confirm the predictions of the Embodied Cognition hy-

pothesis for phonological learning and thus favour the embodying of

phonological prosodic features in the teaching of pronunciation. In par-

ticular, we demonstrate the value of embodied oral reading in the develop-

ment of L2 reading skills. Adding visuospatial gestures depicting prosody

and probably other phonological features should be added to the toolkit of

the second language teacher.
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1 https://hipoeces.blogspot.com/,

https://www.actonhaptic.com/basic

2 There is also ample evidence that pitch

gestures enhance the perception of in-

tonation and lexical tones by L2

learners (e.g. Morett and Chang 2015;

Hannah et al. 2017; Kelly et al. 2017;

Baills et al. 2019). https://www.

alchemer.com/

3 Originally proposed by Samuels

(1979, in (Taguchi et al., 2004) ).
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