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Abstract

This narrative review synthesizes 24 empirical studies on the role of four types of pedagog-
ical gestures (beat, durational, pitch, and articulatory) in second language (L2) phonetic
training since 2010. We reviewed studies involving training interventions to assess the effi-
cacy, mediating factors, and robustness of multimodal training. The findings confirm that
gestural training is a powerful tool, yielding the most robust positive effects for L2 speech
production and the acquisition of suprasegmental features. Crucially, the effectiveness
is highly dependent on gesture-sound consistency and visual saliency of the target pho-
netic/prosodic feature. However, results are mixed regarding perceptual learning and the
generalization of gains to untrained items or novel contexts. While the literature supports
the value of gestural training, there are gaps in determining the optimal training paradigm
(observing gestures vs. performing gestures), accounting for individual learner differences,
and establishing long-term retention and ecological validity. Future research should in-
corporate longitudinal designs and neurophysiological methods to fully illuminate the
cognitive mechanisms that drive the body–mind link in L2 speech acquisition.

Keywords: embodied cognition; hand gestures; second language acquisition; speech
perception; speech production; multimodal phonetic training

1. Introduction
In second language (L2) speech acquisition, adult learners often struggle with non-

native sounds and prosodic features. A wide range of techniques has been explored to
improve L2 speech learning, among which gestural training has gained increasing attention
(Gullberg, 2022). As a subtype of multimodal training, it involves the use of pedagogical
gestures, which encompass both co-speech gestures and speech-linked gestures that teach-
ers often use in classrooms to support the learning of both segmental and suprasegmental
features. These gestures are particularly accessible because they do not require specialized
technology and can be easily integrated into classroom instruction (Li et al., 2023a).

The effectiveness of gestural training is grounded in the framework of Embodied
or Grounded Cognition (Matheson & Barsalou, 2018). This perspective argues that body
and cognition share the same processing system (Ionescu & Vasc, 2014), and, as a result,
bodily actions can influence cognitive processing (Wilson, 2002). The close relationship
between body and mind has clear educational implications. As noted by Shapiro and Stolz
(2019), embodiment can support learning by enriching cognitive processing or acting as a
diagnostic tool to evaluate conceptual understanding. In practice, hand gestures can benefit
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both teachers and learners. Teachers can infer students’ comprehension by observing their
gestures, while learners’ own gestures can transfer some cognitive load from verbal to
visuospatial resources, which facilitates learning (Sweller et al., 1998). Empirical studies
have similarly shown that bodily actions can aid abstract conceptualization (Barsalou, 2008,
2010), enhance recall (Kontra et al., 2015; Mizelle & Wheaton, 2010), and serve as a natural
method for cognitive offloading (Wilson, 2002).

According to McNeill (1992), hand gestures can be categorized into four types: (a) Iconic
gestures refer to spatial hand movements that depict objects or actions. (b) Metaphorical gestures
involve hand movements that visualize abstract concepts. (c) Deictic gestures (also called
“pointing gestures”) are hand movements that point to a specific object or direction. (d) Beat
gestures are hand movements that do not encode semantic meaning but often accompany
prominence in speech. All four types of gestures can be used in L2 learning. As iconic and
metaphorical gestures can represent semantic meaning, early research has shown that they can
help with word learning (Allen, 1995; Kelly et al., 2009; Kelly & Lee, 2012; Macedonia, 2014;
Tellier, 2008). Later studies extended this line of research to L2 speech learning, focusing on
phonetic aspects. Because iconic and metaphorical hand gestures can illustrate a specific object,
action, or abstract concept, they can be used to represent the acoustic and prosodic properties of
L2 speech. Pointing gestures can guide learners’ attention to specific articulatory movements to
help them process learning targets. Beat gestures, by their alignment with prosodic structure,
can highlight speech prominence, which is useful for L2 phonetic training. Although not tied to
lexical meaning, these gestures are useful pedagogical tools in L2 phonetic training. Therefore,
in this review article, we use the broad term “pedagogical gestures” to refer to hand gestures
designed to illustrate L2 phonetic and prosodic features for training purposes. Because gesture
and speech are closely linked in first language (L1) speech (Iverson & Goldin-Meadow, 2005;
McNeill, 1992; Yang & Shu, 2016), understanding how gestures shape L2 speech learning is an
important goal for multimodal research. Since the early 2010s, a considerable number of studies
have examined the role of gestures in L2 phonetic training. Therefore, this review focuses on
studies published after 2010. These studies have empirically assessed pedagogical gestures
targeting specific phonetic features, either by highlighting prosodic prominence or depicting
other target phonetic features such as duration, pitch, and articulatory features. Accordingly,
the diverse types of pedagogical gestures can be divided into four major types, each targeting a
specific phonetic or prosodic property: beat gestures, durational gestures, pitch gestures, and
gestures illustrating articulatory features.

Although evidence is mounting that pedagogical gestures facilitate L2 speech learning,
the results are mixed. To solve the puzzle of the mixed results, the current review focuses on
three aspects. First, there are two paradigms in gestural training: instructors can either have
learners actively perform pedagogical gestures or merely observe them. If embodiment can
support learning, performing hand gestures should outperform observing gestures without
enacting them. However, empirical studies have not found consistent evidence to support this
hypothesis (e.g., Baills et al., 2019; Hirata et al., 2014). Therefore, synthesizing training studies
with hand gestures will help identify the potential factors that influence the effectiveness of
such training. Second, the outcomes of phonetic training can be measured in two modalities:
perception and production. Recent research suggests that L2 speech perception and production
may co-evolve in a non-parallel fashion (Flege & Bohn, 2021; Nagle & Baese-Berk, 2022). In
this sense, gestural training offers a way to observe this perception-production relationship
from a developmental perspective. However, empirical evidence regarding the effects of
gestural training remains inconsistent across these modalities (e.g., Li et al., 2020; Xi et al.,
2020), further highlighting the complex interplay between perception and production in L2
speech acquisition. Therefore, the second goal of this review is to synthesize how and why
pedagogical gestures facilitate perceptual and productive learning in different ways. Third, a
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robust training technique should be effective not only in terms of immediate gains but also
in terms of generalization and retention effects (Logan & Pruitt, 1995; Rato & Oliveira, 2023).
Immediate gains are often measured by comparing learners’ performance before the training
(pretest) and immediately after the training (posttest). Generalization effects can be measured
by assessing whether learners can generalize their knowledge to untrained items or new
contexts. Retention effects are often measured via a delayed posttest implemented after the
training in a given period of time. We also focus on synthesizing these effects of pedagogical
gestures from the existing literature. With these three main purposes, this review summarizes
the findings of training studies involving four major types of pedagogical gestures that have
been most widely investigated in the literature: beat gestures, durational gestures, pitch
gestures, and gestures illustrating articulatory features. We then discuss the synthesized
results, identify gaps in the current research, and propose directions for future work.

As this review focuses on training studies, two inclusion criteria have been established.
First, the study should provide at least one training method with pedagogical gestures
illustrating at least one L2 phonetic or prosodic feature. Second, the training effects should
be measured in at least one modality (perception and/or production) by either comparing
performance before and after the training (i.e., within-subjects design) or comparing at least
two groups of participants (i.e., between-subjects design). We carefully screened studies
published in major journals in L2 research (e.g., Language Learning, Studies in Second Language
Acquisition, Journal of Second Language Pronunciation) and extended our search to conference
proceedings (e.g., Gesture and Speech in Interaction) to identify potential sources. Google
Scholar was used as an additional source to check for any relevant studies. Finally, we
identified 24 empirical studies involving pedagogical gestures in L2 phonetic training. Given
the purposes identified above, we focused on three main factors for each study: training
paradigm (observing gestures vs. performing gestures1), testing modality (perception vs.
production), and training effects (immediate gains, generalization, and retention). Other
details, such as participants’ demographic information, are summarized in Appendix A.

2. Beat Gestures
Beat gestures, characterized by up and down hand movements in sync with speech

prominence (McNeill, 1992), are closely associated with prosodically prominent parts of
speech and can act as visual markers of speech prominence (Loehr, 2012). When speakers
perform a visual beat on an emphasized word, listeners tend to perceive that word as
more acoustically prominent (Krahmer & Swerts, 2007). In L2 speech, beat gestures can be
used to signal speech prominence, which may aid L2 learners’ speech comprehension and
production (Mccafferty, 2006). These benefits are grounded in the deeper biomechanical
and cognitive coupling between gestures and speech. For instance, the hand gesture apex
tends to align with pitch-accent peaks (Esteve-Gibert & Prieto, 2013), the maximum gesture
velocity coincides with emphasized syllables (Danner et al., 2018), and finger tapping
interacts with speech prominence (Parrell et al., 2014). Beat gestures can directly modulate
speech acoustics through respiration-related mechanisms. When speakers perform beat
gestures, their pitch and amplitude peaks systematically occur near the moment of the max-
imum arm extension (Pouw et al., 2020a, 2021). In short, beat gestures actively contribute
to the temporal and prosodic structure of speech (Prieto et al., 2025a).

Given the link between beat gestures and speech prominence, empirical research has
explored the application of beat gestures in L2 phonetic training, which has yielded positive
results. Gluhareva and Prieto (2017) investigated how observing beat gestures affects L2
pronunciation accuracy at the discourse level. In a within-subjects design, Catalan-Spanish
bilinguals practiced English pronunciation by watching pre-recorded videos. Half of the train-
ing materials featured beat gestures highlighting speech prominence, and the other half did
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not. No generalization or retention effects were examined. The results showed that observing
beat gestures could reduce learners’ accentedness in their oral responses to difficult discourse
scenarios. In a between-subjects design, Llanes-Coromina et al. (2018) assessed whether
performing beat gestures improved Catalan-Spanish bilinguals’ English oral proficiency better
than no gesture training. The results showed that actively performing beat gestures led to
better global oral proficiency (accentedness, comprehensibility, and fluency) than no gesture
training. Crucially, the reading materials differed across the pretest, training, and posttest,
which means that performing beat gestures yielded generalization effects. Although beat
gestures benefited L2 oral proficiency, it was unclear whether performing beat gestures was
better than merely observing them. To address this gap, Prieto et al. (2025b) assessed whether
the training paradigm influences the effectiveness of beat gestures. Using the same contexts as
Gluhareva and Prieto (2017), two groups of Catalan-Spanish bilinguals were trained either by
performing or by observing beat gestures. The results showed that actively performing beat
gestures while verbally repeating the training sentences yielded more reduced accentedness
in English from pretest to posttest than merely observing the gestures. However, no general-
ization effects were observed in either group. The results suggest that training paradigms play
an important role in the effectiveness of gestural training. Taken together, it seems that at the
discourse level, beat gestures can improve learners’ global oral proficiency, and performing
gestures leads to more gains than merely observing gestures. However, the robustness of beat
gesture training was unclear, as generalization effects were not consistently confirmed, and
retention effects were not tested in any of the three studies.

Beyond the scope of discourse-level prominence, some empirical studies have attempted
to use beat gestures on other phonetic aspects, such as lexical stress and vowel length, though
findings have been inconsistent. Hirata et al. (2014) trained English speakers to identify Japanese
long and short vowels using beat gestures. In their design, two beats represented a long vowel,
and one beat represented a short vowel2. One group of participants only observed the gestures,
whereas the other group performed the gestures. Both groups showed similar amounts of
improvement in the perceptual accuracy of the Japanese vowel length contrast from pretest to
posttest, suggesting that the efficacy of beat gestures is not modulated by the training paradigm.
In addition, no generalization effects were found in this experiment, as reported in Kelly et al.
(2014). However, as no control group was included in the design, it was not possible to assess
the effects of gestural training per se. van Maastricht et al. (2019) trained Dutch speakers to
learn Spanish lexical stress under one of three conditions. In the metaphorical gesture condition,
learners observed hand gestures mimicking the enhanced duration of stressed syllables, where
the instructor moved both hands to the side of the body. In the beat gesture condition, learners
observed beat gesture strokes on the stressed syllables. In the control condition, no gestures were
shown. The improvement from pretest to posttest was assessed by the accuracy of lexical stress
placement in speech production elicited from a sentence reading task. Notably, the training
only featured words. Therefore, this design essentially allowed testing generalization effects
in a new context, that is, from the word level to the sentence level. However, all three groups
of participants showed similar gains, which suggests that neither type of gesture facilitated
learning lexical stress production. Consequently, no generalization effects could be concluded.

Beat gestures seem to boost L2 phonetic training more effectively at the discourse
level than at the word and segment levels, especially in speech production. Therefore, the
robustness of beat gestures in L2 learning may be more pronounced in signaling discourse-
level speech prominence, a domain that is more closely related to global L2 oral proficiency.
Moreover, the generalization and retention effects remain largely unexplored. These gaps
suggest potential directions for future studies. Table 1 summarizes the studies reviewed in
this subsection (see “beat” and “beat & durational” sections) and Table A1 in Appendix A
provides more detailed information about the experimental design.
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Table 1. Summary of empirical studies testing the effects of gestural training on L2 speech learning.

Effects

Author (Year) Target Paradigm Modality Task Measure Immediate After
Training Generalization

Retention at
Delayed Test After

Training

Beat

Gluhareva and
Prieto (2017)

Speech
prominence Obs. Prod. Discourse completion Perceptual rating

(accentedness) + NA NA

Llanes-Coromina
et al. (2018)

Speech
prominence Perf. Prod. Text reading

Perceptual rating
(accentedness,

comprehensibility, and
fluency)

+ +(untrained item) NA

Prieto et al. (2025b) Speech
prominence Obs. vs. Perf. Prod. Discourse completion Perceptual rating

(accentedness) +(Perf. > Obs.) ×(untrained item) NA

Beat & Durational

Hirata and Kelly
(2010) Vowel length Obs. Perc. Identification Accuracy rate × ×(new context) NA

Hirata et al. (2014) Vowel length Obs. vs. Perf. Perc. Identification Accuracy rate × NA NA

Kelly et al. (2014) Vowel length Obs. vs. Perf. Perc. Identification Accuracy rate × ×(untrained item) NA

van Maastricht et al.
(2019) Stress Obs. Prod. Sentence reading Accuracy (on-target vs.

non-target) × × NA

Durational

Li et al. (2020) Vowel length Perf. Perc. & Prod. Identification & word
imitation

Accuracy rate & vowel
duration ratio +(Prod. only) ×(untrained item) NA

Shimada (2025) Vowel length Perf. Perc. & Prod. Identification & word
reading

Accuracy rate &
comprehensibility rating + +(untrained item) +(3 weeks)

Pitch

Morett and Chang
(2015) Lexical tone Perf. Perc. Word tone identification &

word meaning association Accuracy rate + ×(untrained item) NA

Baills et al. (2019) Lexical tone Obs. vs. Perf. Perc.
Tone identification & word

meaning recall & word
meaning association

Accuracy rate +(Obs. = Perf.) ×(untrained item) NA

Zhen et al. (2019) Lexical tone Obs. vs. Perf. Perc. Identification Accuracy rate

+(Perf. > Obs. only
when gestures are

performed in
horizontal plane)

+(untrained item; Perf. >
Obs. only when gestures

are performed in
horizontal plane)

+(1 day; Perf. > Obs.
only when gestures

are performed in
horizontal plane)
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Table 1. Cont.

Effects

Author (Year) Target Paradigm Modality Task Measure Immediate After
Training Generalization

Retention at
Delayed Test After

Training

Yu et al. (2024) Lexical tone Perf. Perc. Discrimination &
word-picture association Accuracy rate + NA NA

Gao et al. (2026) Tone sandhi Perf. Prod. Word reading Perceptual rating × +(untrained item) NA

Hirata et al. (2024) Pitch accent Perf. Perc. Identification Accuracy rate × NA NA

Shimada (2025) Pitch accent Perf. Perc. & Prod. Identification & word
reading

Accuracy rate &
comprehensibility rating + + +(3 weeks)

Yuan et al. (2019) Nuclear accent Obs. Prod. Discourse completion Accuracy (on-target vs.
non-target) + NA NA

Baills et al. (2022) Intonation Obs. Prod. Dialogue reading

Perceptual rating
(accentedness,

comprehensibility,
fluency, suprasegmental
accuracy, and segmental

accuracy)

+(accentedness &
suprasegmental

accuracy)
×(untrained item) NA

Li et al. (2023b) Intonation Obs. Prod. Dialogue reading &
sentence imitation

Perceptual rating
(accentedness,

comprehensibility,
fluency for

dialogue-reading and
accentedness for

sentence-imitation)

+(accentedness) ×(untrained item) +(2 weeks)

Gestures illustrating articulatory features

Amand and
Touhami (2016) Unreleased stops Obs. Prod. Word & sentence reading Accuracy (on-target vs.

non-target) + NA NA

Amand and
Touhami (2024) Unreleased stops Obs. Prod. Word & sentence reading Accuracy (on-target vs.

non-target) + NA +(1 month)

Hoetjes and van
Maastricht (2020) /u/ and /θ/ Obs. Prod. Sentence reading

Accuracy (on-target vs.
non-target) & perceptual

rating (accentedness,
comprehensibility)

Mixed (Iconic for
/u/; Pointing for

both)

Mixed (new context,
same as immediate

gains)
NA

Xi et al. (2020) Aspirated stops
and affricates Obs. Perc. & Prod. Identification & word

imitation

Accuracy rate &
perceptual rating

(aspiration accuracy and
overall pronunciation)

+(Stops Prod. only) NA NA
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Table 1. Cont.

Effects

Author (Year) Target Paradigm Modality Task Measure Immediate After
Training Generalization

Retention at
Delayed Test After

Training

Li et al. (2021) Aspirated stops Perf. Perc. & Prod. Identification & word
imitation

Accuracy rate &
perceptual rating (overall
pronunciation) and voice

onset time

+(Prod. only,
accurate gesture

performance only)
×(untrained item) +(3 days, Prod. only)

Xi et al. (2024) /æ-2/ Obs. Perc. & Prod.
Identification & word
imitation, text reading,

picture naming

Accuracy rate & formant
analysis

+(Prod. only, visible
articulatory

movement only)
×(untrained item) +(1 week, Prod.

only)

Gao et al. (2026) /u/ and aspirated
stops Perf. Prod. word reading Mahalanobis distance &

voice onset time + +(untrained item) NA

Note. Perc. = speech perception; Prod. = speech production; Obs. = learners observe hand gestures without enacting them; Perf. = learners perform hand gestures after viewing the
instructor’s gestures; + = positive effect; × = null effect; > = better than; = = equal to; NA = not available.
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3. Durational Gestures
In some languages, duration is phonemic and distinguishes word meanings. For ex-

ample, in languages such as Japanese, Italian, and Finnish, vowels or consonants contrast in
length, which may pose challenges for L2 learners whose L1 does not have such length dis-
tinctions. One proposed approach to facilitating the acquisition of these contrasts involves
using hand gestures that metaphorically represent duration. This mapping is supported
by behavioral evidence. Casasanto and Boroditsky (2008) showed that spatial movement
strongly influences individuals’ estimations of temporal duration. Building on this, Cai and
Connell (2012) demonstrated that when spatial length is perceived through both tactile and
visual modalities, it greatly affects the estimation of temporal duration. Furthermore, Cai
et al. (2013) showed that hand gestures moving in space can significantly shape listeners’
temporal judgments. These behavioral studies imply that phonological durational contrasts
can be effectively represented by contrasting horizontal hand movements, which are called
durational gestures in later literature.

However, previous research has generally reported null effects of durational gestures
on the perceptual learning of L2 length contrasts, either by observing or by performing
such gestures. Hirata and Kelly (2010) trained English speakers to identify Japanese vowel
length contrasts. The hand gestures involved in this study consisted of a beat gesture
showing short vowels and a durational gesture representing long vowels. Participants
were trained under one of four conditions. In the audio-only condition, participants could
only rely on auditory input to practice the perception of vowel length. In the audio-hand
condition, participants had access to hand gestures but could not see the speaker’s mouth.
In the audio-mouth condition, no gesture was provided, but participants could see the
speaker’s mouth. In the audio-mouth-hand condition, participants had access to both the
mouth and hand gestures. Participants only observed the gestures without performing
them. Perceptual learning was compared between a pretest and a posttest via a vowel
length identification task. Although the audio-mouth condition significantly improved
learners’ vowel length perception, observing hand gestures during training did not show
any extra benefit. Although the training used nonsense syllables and the test materials were
real words, the lack of gestural benefits ruled out the possibility of observing generalization
effects. In a follow-up study with a similar design, Hirata et al. (2014) compared two gesture
types and two training paradigms. The first type, syllable gestures, used a single beat for
short vowels and a durational gesture for long vowels. The second type, mora gestures,
used one beat for short vowels and two beats for long vowels. The English speakers
either observed or performed these gestures during training, yielding a 2 gesture type × 2
training paradigm design. The four training conditions led to similar improvements in
the perception of the Japanese vowel length contrast, although observing syllable gestures
appeared to yield more balanced improvements when the target sounds varied by word
position or speech rate. The generalization of training effects to untrained items, as well as
potential impacts on vocabulary learning, were examined in Kelly et al. (2014). However,
all four training conditions showed similar generalization effects, and no significant group
differences were observed in the vocabulary learning outcomes. These null results from
behavioral experiments were further supported by electrophysiological evidence from
Kelly and Hirata (2017), who showed that gestures did not modulate neural responses to
vowel length distinctions during early stages of processing. Taken together, the series of
studies conducted by Hirata, Kelly, and colleagues suggests that neither observing nor
performing durational gestures and/or beat gestures can facilitate the perceptual learning
of L2 vowel length. As all these studies only featured a pretest and a posttest, it was not
possible to identify retention effects.
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Nevertheless, durational gestures have been proven effective in improving the pro-
duction of L2 length contrasts. Instead of using beat gestures, which typically highlight
prominence and may not be suitable for cueing short vowels due to their lower visual
salience compared to long vowels, Li et al. (2020) adapted the gesture design for vowel
length contrasts by using horizontal hand movements for both short and long vowels.
Short vowels were paired with short spatial movements, and long vowels were paired with
long spatial movements. Two groups of Catalan-Spanish bilinguals were trained on both
the perception and production of the Japanese vowel length contrast. One group repeated
the instructor’s speech without any gesture input, and the other repeated the speech while
performing gestures. Results showed that the gesture group significantly improved their
vowel length production accuracy, as measured by the duration ratio of long and short
vowels, from pretest to posttest, whereas the no gesture group did not. By contrast, no
significant between-group difference was found in perceptual improvement, which aligns
with prior findings. In addition, gestural training did not show generalization effects in
perception or production, and retention effects were not assessed. These lab studies (Hirata
& Kelly, 2010; Hirata et al., 2014; Li et al., 2020; Kelly et al., 2014) revealed the unbalanced
effects of durational and beat gestures in the perception and production of L2 vowel length,
which suggests a potential dissociation between the two modalities in the phoneme-level
phonetic learning.

Beyond lab settings, durational gestures have been introduced into classroom teach-
ing, which has yielded positive effects. In a multi-session training design with a
pretest/posttest/delayed posttest paradigm, Shimada (2025) trained English speakers
to learn the Japanese vowel length contrast. One group of participants received training
by performing durational gestures as described by Li et al. (2020), while the other group
underwent computer-assisted training. Learners’ perception was assessed using an iden-
tification task, and production was assessed using a word reading task, which was later
rated for comprehensibility. Results showed that gestural training led to significant gains
in both perception and production of vowel length, and these improvements were retained
after three weeks. Moreover, the training effects were generalized to new words. Although
gestural training was overall comparable to computer-assisted training, learners found the
gestures to be intuitive and helpful. However, without a no-training control group, it is
difficult to determine the specific contribution of the gestures. Therefore, the positive effects
reported by Shimada (2025) cannot overturn the null findings for durational gestures in the
perceptual modality, as reported in earlier studies. In addition, comprehensibility ratings
may not target the fine-grained phonetic aspects of vowel length contrasts, which should
be complemented by an acoustic analysis.

In summary, while the theoretical grounding for mapping temporal duration to spa-
tial hand movement is robust, empirical evidence suggests that durational gestures offer
limited benefits for L2 perceptual learning regarding phonological length contrasts, though
they may support production gains. Future research should explore refined gesture designs
and multimodal training methods that can improve both perception and production. More-
over, given the relatively small number of studies on durational gestures, many research
questions remain unexplored. First, it is unclear whether and how performing gestures
is more effective than observing gestures in speech production. Second, more evidence is
needed to validate generalization and retention effects. These gaps suggest potential future
directions for gestural studies. The studies reviewed in this section are summarized in the
“beat & durational” and “durational” sections of Table 1. More detailed information on the
experimental design is available in Table A1 of Appendix A.
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4. Pitch Gestures
Pitch plays an important role in the perception and production of speech at both the

word level (e.g., lexical tones, stress, and pitch accent) and sentence level (e.g., intonation).
Pitch features can be trained with gestural cues because the perception of acoustic pitch
and hand movements in space share similar representational and processing resources.
Casasanto et al. (2003) presented participants with lines moving vertically from bottom to
top or horizontally from left to right and asked them to reproduce either the displacement
or pitch of auditory stimuli. The results indicated that vertical displacement strongly
influenced participants’ estimates of acoustic pitch, whereas horizontal displacement did
not. This supports the existence of a conceptual metaphor linking vertical space and pitch
height. Connell et al. (2013) further demonstrated that watching upward or downward
gestures biases listeners’ perception of acoustic pitch as being higher or lower than its actual
pitch height, supporting the notion of a shared representation of pitch and spatial height.
Neurophysiological evidence also supports this link, as judging auditory pitch height
activates the unimodal visual areas of the brain, indicating an overlap in the processing of
auditory pitch and visuospatial height (Dolscheid et al., 2014). Given these findings, there
is a clear potential for integrating hand movements in the vertical plane to metaphorically
represent pitch in speech during the training of L2 pitch features.

Pitch gestures can significantly improve the perception of pitch variations, with the
majority of studies focusing on L2 lexical tones. In a seminal study, Morett and Chang (2015)
taught monosyllabic Mandarin words to three groups of English speakers. In the pitch
gesture condition, participants performed hand gestures which depicted the pitch contours
of Mandarin lexical tones. In the semantic gesture condition, participants performed hand
gestures that iconically depicted word meanings. In the no gesture condition, participants
received training without gestures. Participants’ learning outcomes were assessed by a
tone identification task and a word-meaning association task in the pretest and posttest.
The results showed that pitch gestures facilitated participants’ memorization of Mandarin
words contrasting in lexical tones, which suggests that pitch gestures can enhance the
association between lexical meaning and tones. However, no generalization effects were
observed in gestural training. Baills et al. (2019) extended Morett and Chang’s (2015) line
of research by comparing the effects of observing and performing pitch gestures. They
trained Catalan-Spanish bilinguals to learn Mandarin tones in monosyllabic words by either
observing or performing pitch gestures. Both observing and performing pitch gestures
showed better results than no gestural training in L2 lexical tone perception, as measured
by a tone identification task and a word-meaning association task in the pretest and posttest.
However, performing gestures did not show more benefits than observing them. Again, no
generalization effects were observed. Later, Zhen et al. (2019) showed that the direction
in which pitch gestures are performed is crucial to the perceptual learning of L2 lexical
tones. Specifically, observing and performing pitch gestures performed in the vertical plane
(e.g., moving the hand from bottom to top for a rising tone) resulted in similar training
effects, replicating Baills et al.’s (2019) findings. However, when gestures were performed
in the horizontal plane (e.g., moving the hand away from the body to indicate a rising
tone), L1 English participants benefited more from performing gestures than from merely
observing them in terms of L2 Mandarin lexical tone perception. Similar patterns were
revealed in a generalization test with new items and a follow-up test, suggesting training
retention effects, although the time interval between the posttest and follow-up test was
relatively short (only one day). Additionally, the benefits of pitch gestures on perceptual
learning of L2 lexical tones can be extended to L1 tone language speakers. Yu et al. (2024)
trained Mandarin speakers in the perception of Thai tones under one of three conditions:
(a) observing diagrams depicting pitch contours, (b) performing gestures while observing
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pitch contour diagrams, and (c) word-picture association without gestures. The results
showed that performing hand gestures yielded the best results for perceptual learning
of L2 lexical tones by comparing the participants’ tone identification and word-picture
association accuracy from pretest to posttest. Although the tests included untrained words,
the authors did not report an analysis of generalization effects.

Based on the training studies reviewed thus far, we can start resolving the puzzles
regarding how the training paradigm (observing gestures vs. performing gestures) affects
learning outcomes. In the context of L2 lexical tone perception, the effectiveness of this
paradigm appears to depend on the nature of the gesture itself. Specifically, when gestures
are presented in a canonical way, observing gestures yields training effects comparable
to those of performing gestures. In the case of pitch gestures, the vertical plane allows
for straightforward metaphorical mapping between pitch and spatial hand movements
(i.e., high pitch corresponds to “high” in space, and low pitch corresponds to “low” in
space). Under such conditions, observing vertically performed pitch gestures is as effective
as performing them. However, when gestures are presented in a non-canonical manner,
that is, when the gesture does not align with the conventional metaphorical relationship
between the phonetic concept and spatial representation (e.g., pitch gestures performed in
the horizontal plane), observing gestures appears to be less beneficial than performing them.
These findings highlight the importance of considering how gestures are performed when
comparing the effects of performing gestures versus observing gestures in L2 phonetic
training. We will return to this point in Section 5.

Unlike perceptual learning, evidence on the role of pitch gestures in L2 lexical tone
production is scarce and mixed. Gao et al. (2026) conducted a multi-session classroom
training study in which Japanese speakers learned Mandarin tone sandhi, where Tone 3
(dipping pitch) becomes Tone 2 (rising pitch) before another Tone 3 by performing pitch
gestures following the instructor. Learners’ production elicited from a word reading task
was rated by native listeners for tone sandhi accuracy. Although gestures did not signif-
icantly improve learners’ tone sandhi production, as assessed by comparing the trained
items in the pretest against the posttest, gestural training yielded better generalization to
new items. Retention effects were not tested. These results suggest that pitch gestures may
facilitate the transfer of tonal knowledge beyond trained contexts. However, this single
study is not sufficient to draw firm conclusions regarding the benefits of gestures in L2
lexical tone production. This suggests a potential research gap for future studies, where
more attention should be paid to speech production.

Apart from lexical tones, a small number of studies have examined the use of pitch
gestures to train L2 lexical stress and lexical pitch accent, with mixed results. Positive results
were found in a classroom study. Shimada (2025) trained English speakers to perceive
and produce Japanese pitch accent by performing pitch gestures showing accent contrasts.
Participants showed significant gains in both perception and production from pretest to
posttest, maintained these gains after three weeks, and generalized their knowledge from
trained to untrained items. By contrast, a recent lab study showed limited effects. Hirata
et al. (2024) compared auditory-only, visual pitch-height notation, and pitch gestures
for English speakers learning Japanese pitch accent. Pitch-height notation led to the
greatest perceptual improvements, which were generalized to untrained words. However,
performing pitch gestures did not enhance learning. A follow-up experiment with left- and
right-hand pitch gestures also found no perceptual advantage for gestural training. Overall,
in learning word stress and pitch accent, Shimada’s (2025) classroom study has revealed
more benefits of pitch gestures than Hirata et al.’s lab study. It might be that learners need
multiple sessions and a long training period to consolidate their knowledge. This calls
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for future studies to conduct longitudinal and classroom studies to assess the long-lasting
effects and ecological validity of gestural training.

Pitch gestures are also beneficial for the perception and production of larger linguistic
units, such as intonation. Yuan et al. (2019) trained two groups of Mandarin speakers to
practice Spanish sentences intonation. One group observed gestures illustrating nuclear
contours and the other group received audio-only training. Learners’ production was
assessed through a discourse completion task and later analyzed for nuclear pitch accent
accuracy. Observing pitch gestures yielded greater improvement than no gesture training
from pretest to posttest, suggesting that pitch gestures can help the production of L2
intonation. Moving beyond nuclear accents, Baills et al. (2022) demonstrated that observing
pitch gestures accompanying logatome (i.e., “dadada” non-sense syllable sequences that
mimicked intonation contours) enhanced Catalan-Spanish bilinguals’ accuracy in L2 French
suprasegmentals and reduced their accentedness, as assessed by a dialogue-reading task
in the pretest and posttest. Li et al. (2023b) showed that observing pitch gestures tracing
intonation contours of entire sentences reduced Catalan-Spanish bilinguals’ L2 French
accentedness, with gains retained at a delayed posttest conducted two weeks after training.
Among all three studies, only Yuan et al. (2019) found generalization effects from trained to
untrained items, whereas Baills et al. (2022) and Li et al. (2023b) did not. In addition, more
evidence is needed to assess how pitch gestures help in the perception of L2 intonation,
which can be a future research line.

In summary, as the most widely investigated pedagogical gesture, pitch gestures have
been shown to be beneficial for learning pitch-related features in an L2. The most robust
evidence comes from L2 lexical tone perception and intonation production, while the results
for lexical stress and pitch accent are mixed. A possible reason is that pitch gestures are
most effective when the target prosodic feature involves dynamic contour movement, such
as tone or intonation, allowing gestures to map transparently onto the auditory pattern. In
contrast, when pitch information is less contour-based and more categorical, such as stress
or pitch accent, gestures may provide less representational support. Further controlled,
contrastive research is needed to test this hypothesis and clarify the conditions under which
pitch gestures are effective across prosodic domains. All the papers reviewed in this section
are summarized in the “pitch” section of Table 1. For the details of the experimental design,
see Table A1 in Appendix A.

5. Hand Gestures Illustrating Articulatory Features
Hand gestures can be used for phonetic training on the segmental level because they

can iconically represent the articulatory movements or features of L2 vowels and conso-
nants, or they can draw learners’ attention to the target articulatory features by pointing
to articulatory movements. In these teaching scenarios, again, learners can either observe
and/or perform the instructor’s pedagogical gestures to enhance their understanding of
the target articulatory features. Human’s arm movements and speech act are governed
by a shared sensorimotor control system, which leads to mutual influence between arm
movements and speech production (Gentilucci & Corballis, 2006; Gentilucci & Dalla Volta,
2008; Pouw et al., 2020b, 2020c, 2021). For instance, when speakers observe a hand grasping
motion while articulating vowels and consonants, their lip aperture and speech voice am-
plitude increase if the grasping action indicates a larger object (Gentilucci, 2003). Similarly,
when speakers produce non-sense syllables while grasping objects, the size of the objects
can also affect the mouth aperture and other articulatory gestures relevant to the target
sounds (Gentilucci et al., 2001). In other words, the shape of hand gestures may directly
affect articulatory gestures, which can support L2 pronunciation training.
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Building on the concept of hand–mouth coupling, a series of studies have developed
different pedagogical gestures to correspond with a variety of target phonemes. Amand
and Touhami (2016) conducted a between-subjects study to examine whether gestures
could aid French speakers in correctly pronouncing English word-final stops, which are
often unreleased in English but less so in French. In their study, they designed two gestures
to show released and unreleased plosive stops. For released stops, the instructor curled her
fingers into a fist and then abruptly opened her hand, spreading all five fingers outward.
This rapid outward motion metaphorically illustrates the burst of air typical of a released
or aspirated stop. For unreleased stops, the instructor closed five fingers into a firm
fist without any outward release, indicating that no audible airburst should occur with
unreleased stops. In the gesture condition, learners could perform the gestures. Learners’
production of English stops was assessed through a sentence and word reading task
administered in a pretest and posttest, which were later acoustically analyzed for accuracy.
The results showed that while participants generally improved in producing unreleased
stops, those trained with hand gestures showed significantly greater improvement than
those without gestures. Taken together, these results demonstrate that gestures can boost
learners’ awareness of aspiration patterns. A follow-up study by Amand and Touhami
(2024) replicated these results, and further showed that learners retained knowledge after
one month using the same gestural training. However, the retention effects observed in
Amand and Touhami (2024) should be interpreted with caution, as only six (n = 3 per
group) out of the 28 posttest participants returned to the delayed posttest, which questions
the statistical power. Moreover, in both studies, the gesture condition combined two
multimodal cues: hand gestures and tactile cues. The latter involved placing the finger in
front of the mouth to feel the aspirated airflow. This design therefore made it difficult to
isolate the role of gestures. In light of Amand and Touhami’s gestures for stops, subsequent
research has systematically explored the conditions under which hand gestures effectively
facilitate L2 sound acquisition, with the most important factor being the link between hand
gestures and the target phonetic features to be learned. The following factors appear to
influence the training effects.

First, pedagogical gestures should iconically or metaphorically represent the target L2
features. Xi et al. (2020) adapted the fist-to-open-palm gesture from Amand and Touhami
(2016) for released stops to train word-initial aspirated stops. Two groups of Catalan
speakers were trained to learn six Mandarin consonants, with or without observing hand
gestures. Three of these pairs were plosives /p-ph, t-th, k-kh/, distinguished by aspiration
and the absence/presence of a strong air burst. The remaining three pairs were affricates
/ts-tsh, tC-tCh, tù-tùh/, which differ acoustically in the duration of the frication period.
Learners’ perception was tested through an identification task and production through a
word-imitation task, which was later rated for production accuracy. The results revealed
that while observing the fist-to-open-palm gesture significantly improved participants’
pronunciation of plosives from pretest to posttest, it failed to improve the pronunciation
of affricates. This may be attributed to the gesture’s mimicry of a strong airburst for
aspiration, which might be inadequate to cue the durational features pertinent to the
affricate pairs. In addition, gestural training did not show much benefit for perceptual
learning of the target Mandarin consonants. In addition, no generalization effects were
observed. Hoetjes and van Maastricht (2020) examined how observing pointing gestures
and iconic gestures influenced Dutch speakers’ learning of the L2 Spanish sounds /u/ and
/θ/. Participants’ production was tested with a sentence reading task, which was later rated
by native speakers. The results revealed that pointing to the articulatory features of the
target sounds showed similar benefits for the production of /u/ and /θ/. However, iconic
gestures showed sound-specific effects. The gesture for /u/, which involved rounding
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the palm to depict lip rounding, supported production learning, whereas the gesture for
/θ/, which used extended fingers to represent tongue protrusion, impeded production
learning. Notably, since the training only featured exemplar words, the gains reported here
actually signified a generalization effect from the word level to the sentence level. These
findings highlight an interesting interaction between the complexity of gesture shape and
phoneme-to-be-learned. That is, gestures used to train L2 phonemes should be adequate;
when the phoneme is relatively difficult, overly complex gestures may impose additional
cognitive demands and thus hinder learning. Finally, no generalization or retention effects
were reported.

Second, the efficacy of gestural training is conditional on learners’ ability to accurately
imitate the instructor’s gestures. Li et al. (2021) trained Catalan-Spanish bilinguals to
learn Mandarin aspirated plosives with or without hand gestures using the same type
of gestures as in Xi et al. (2020). Participants learned novel words containing the target
plosives and were tested on perception and production through a pretest, immediate
posttest, and delayed posttest. The tasks were identical to those of Xi et al. (2020). The
results showed that learners who appropriately performed the fist-to-open-palm gesture
significantly improved their production accuracy compared to those who either struggled
with performing gestures or received non-gestural training. More importantly, accurate
gesture performance triggered better retention effects, as shown by the delayed posttests
administered three days after training, although no generalization effects were found. Li
et al. (2024) analyzed the gesture group of Li et al. (2021) and found that during the training
phase, the accuracy of learners’ production of aspirated stop consonants was influenced
by their gesture performance quality. The authors identified two critical predictors of
gesture performance related to speech production: the correctness of the gesture shape and
temporal alignment between speech and gesture. Specifically, learners who maintained a
firm fist for an adequate duration and those who opened their fists prior to speech onset
showed more accurate pronunciation of the target aspirated consonants. These results
together suggest that learners’ gesture performance quality is a key predictor of successful
gestural training in L2 sound acquisition. In practice, if instructors encourage learners
to actively perform pedagogical gestures, they should ensure that learners are capable of
accurately performing the gestures.

Third, the visibility of the articulatory movements encoded by hand gestures appears
to be an important factor influencing the training effects. Gestures encoding visible ar-
ticulatory movements provide a stronger boost than those representing less visible or
non-visible movements. Hoetjes and van Maastricht’s (2020) findings on Dutch learners
learning Spanish /u/ and /θ/ can also be interpreted from this angle. Specifically, for
/u/, the rounding-palm gesture for visible lip rounding facilitated learning, whereas the
extended-finger gesture for the less-visible tongue protrusion hindered learning of /θ/.
However, because the learning difficulty of the two phonemes is also related to orthogra-
phy, the results cannot be taken as direct evidence for the visibility-based account proposed
here. Building on this, Xi et al. (2024) compared the effects of gestural training on visible
versus non-visible articulatory features on the learning of English vowels /æ/ and /2/ by
Catalan–Spanish bilinguals. These vowels differ in visible lip aperture and non-visible tongue
position. Participants received training either (a) with no gestures, (b) with observing a
gesture illustrating lip opening, or (c) with observing a gesture depicting tongue position.
The participants were tested in an identification task for perception; a word-imitation task,
a text-reading task, and a picture-naming task for production. Although gestures did not
show much benefit in perceptual learning, gestures highlighting the visible lip aperture led
to greater improvements in vowel production, as revealed by acoustic analysis. The “lip
hand gesture” also showed retention effects after one week, but no generalization effects

https://doi.org/10.3390/languages11030043

https://doi.org/10.3390/languages11030043


Languages 2026, 11, 43 15 of 23

were found. Together, these findings indicate that pedagogical gestures are most effective
when they map onto the articulatory properties that learners can visually perceive and
readily interpret.

Despite previous studies showing robust training effects on the trained items, and
some also showing retention effects after training, it is not clear whether gains obtained
through gestural training can be generalized to untrained items in speech production. To
address this gap, Gao et al. (2026) adopted the gesture for /u/ (Hoetjes & van Maastricht,
2020) and the gesture for aspirated stops (Li et al., 2021; Xi et al., 2020) in a classroom
study with a multi-session training program. The participants were L1 Japanese-speaking
learners of Mandarin. Mandarin /u/ and aspirated stops are challenging for the learners.
Japanese /W/ is less rounded than Mandarin /u/; and Japanese voiceless stops are less
aspirated than those in Mandarin. Participants’ speech production was elicited through a
word-reading task and later acoustically analyzed for its accuracy. The results showed that
training with performing hand gestures could help learners improve their pronunciation
accuracy from pretest to posttest and generalize their knowledge to untrained items. This
study thus contributes to a comprehensive understanding of how gestures illustrating
articulatory features can support L2 pronunciation. As previous studies have consistently
shown that gestures illustrating articulatory features do not help perception, Gao et al.
(2026) did not implement a perception test. This can be a future topic for classroom studies.

To summarize, the empirical evidence regarding the role of pedagogical gestures
illustrating articulatory features expands on previous research on prosodic learning. First,
this collection of studies confirms the limited role of gestures in perceptual learning at
the word- and phoneme-level, but reveals robust training effects in improving production.
This points to the asymmetrical developmental trajectories between L2 perception and
production in the context of multimodal phonetic training. Second, the mediating factors
that constrained the positive effects of performing gestures over observing gestures were
clarified, which warrants classroom studies on similar topics. Finally, the robustness of
gestural training has been evaluated beyond the immediate gains which includes general-
ization and retention effects, although, results on generalization effects are less consistent
than those of retention effects. The “gestures illustrating articulatory features” section in
Table 1 summarizes all the studies reviewed in this section. See Table A1 in Appendix A for
details of the experimental design.

6. Discussion
In this review, we synthesized the effectiveness of four types of pedagogical gestures

(i.e., beat gesture, durational gesture, pitch gesture, and gestures illustrating articulatory
features) on L2 phonetic training. The studies show sufficient variability in terms of the
learners’ L1 backgrounds and the target L2 phonetic and prosodic features. Our main
conclusions are as follows.

First, the effectiveness of hand gestures on L2 speech acquisition differs by modality,
with more robust training effects observed in production than in perception. A considerable
number of studies have either not assessed the effectiveness of hand gestures on L2 percep-
tual learning or have failed to identify positive effects, particularly concerning durational
and segmental features (see Table 1 for a summary). By contrast, gestures have shown
positive effects on the perceptual learning of suprasegmental features, such as lexical tones
(Baills et al., 2019; Morett & Chang, 2015; Yu et al., 2024). Several reasons might account for
this inconsistency. For one, speech perception relies on multiple acoustic cues, but hand
gestures typically focus on a single acoustic dimension (e.g., lip aperture for the /æ-2/
contrast). Given individual differences in perceptual cue-weighting (Chandrasekaran et al.,
2010; Kong, 2019; Kong & Kang, 2023), the specific acoustic domain illustrated by gestural
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training may not align with the primary cue that L2 learners use to distinguish difficult
sound pairs. Moreover, unlike suprasegmental features such as intonation, segmental
features span a single segment within a limited timeframe. Therefore, during perceptual
events, learners may not have sufficient time to process multimodal information, potentially
affecting learning outcomes (Hirata et al., 2024). Given that perception and production do
not always develop concurrently in L2 speech acquisition (Nagle & Baese-Berk, 2022), it
is not surprising that measurable gains appear in one modality (e.g., production) but not
necessarily in the other (e.g., perception).

Second, the positive role of hand gestures seems to depend on various mediating
factors, among which gesture-sound consistency and the visibility of the target L2 feature
are the most widely validated. Gesture-sound consistency includes (a) whether the hand
gesture adequately represents the learning target iconically or metaphorically (Hirata et al.,
2014; Hirata & Kelly, 2010; Kelly et al., 2014; Xi et al., 2020), and (b) whether the learners’
gesture performance is on-target (Li et al., 2021). This implies that pedagogical gestures
are not merely visual reminders but meaningful symbols referring to a specific phonetic or
prosodic feature. The lack of positive effects of beat gestures on the perceptual learning of
L2 vowel length (Hirata & Kelly, 2010; Hirata et al., 2014; Kelly et al., 2014) may also be
attributed to the fact that beat gestures may not match the phonetic features of duration.
If this assumption holds, hand gestures should outperform meaningless visual cues as
well. Furthermore, the scope of the target features matters. Beat gestures appear robust
for discourse-level prominence but less so for word-level features such as vowel length
(e.g., Hirata & Kelly, 2010; Hirata et al., 2014; Kelly et al., 2014) or lexical stress (van
Maastricht et al., 2019). This means that gesture-sound consistency must be evaluated
at an adequate linguistic level. Regarding visibility, the visual saliency of the target L2
phonetic/prosodic feature largely affects the training effects. The best results were obtained
from visually salient features (e.g., mouth aperture, Xi et al., 2024), followed by visually less
salient features (e.g., interdental tongue position like /θ/, Hoetjes & van Maastricht, 2020),
and least for non-visible features (e.g., tongue position inside the mouth, Xi et al., 2024).
When gestures attempt to encode non-visible articulatory features, such as tongue shape or
position, they may fail to provide clear iconic mapping and instead increase the cognitive
load. In other words, when the articulatory target is hidden, complex hand movements
may distract rather than guide the learner.

Third, the robustness of a training paradigm can be assessed through immediate
training effects, retention, and generalization. Most studies found positive effects of hand
gestures by comparing the pretest to the posttest immediately after the training intervention.
A subset of studies administered delayed posttests, confirming that gestural benefits can
be retained over time (Amand & Touhami, 2024; Li et al., 2021, 2023b; Shimada, 2025; Xi
et al., 2024). Moreover, although the evidence is mixed, two recent studies (Gao et al., 2026;
Shimada, 2025) demonstrated successful generalization effects in multi-session classroom
teaching. This points to the fact that the null results of generalization effects found in lab
studies might be due to insufficient training sessions. These findings suggest that gestural
training has the potential to help learners internalize and retain their knowledge acquired
during multimodal phonetic training interventions, although in practice, more training
sessions might further favor generalization effects.

Despite the positive findings, some major research gaps emerge in this review, which
can be summarized into five aspects. Briefly, the role of observing gestures and performing
gestures is not clear; hand gestures do not consistently benefit L2 perception and production;
ecological validity and longitudinal evidence are needed; individual differences appear to
interact with training effects; and the neural mechanisms underlying the beneficial role of
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hand gestures have yet to be thoroughly explored. In what follows, we elaborate on these
five major gaps.

Observing gestures versus performing gestures: While embodied cognition theories
propose that motor engagement can enhance memory retention and facilitate learning
processes, empirical findings have been inconsistent. For instance, Prieto et al. (2025b) and
Llanes-Coromina et al. (2018) found that learners who actively performed hand gestures
achieved significantly greater improvements in global L2 oral proficiency compared to those
who merely observed gestures. However, other research (e.g., Baills et al., 2019) reported
that both observing and performing gestures were equally effective for learning Mandarin
tones. Furthermore, Zhen et al. (2019) introduced a spatial nuance, which emphasized
that the advantage of performing gestures could only be found when the gestures were
observed/performed in the horizontal plane. If the gestures were observed/performed in
the vertical plane, observing or performing gestures would yield similar beneficial results.
These results suggest that the advantage of performing gestures may be modulated by
the gesture type, spatial direction, or specific linguistic feature being targeted. This line
of research merits future empirical studies to advance our understanding of the effective
integration of hand gestures into L2 speech learning.

Relationship between speech perception and production: The effectiveness of ges-
tures appears to be stronger in L2 speech production than in perception. This disconnect
implies that perception may not necessarily precede production in L2 speech acquisition
and that gestures may influence these two modalities via distinct cognitive pathways. Early
studies on L2 speech acquisition revealed mixed results regarding whether perception and
production correlate with each other (see Flege & Bohn, 2021, for a comprehensive discus-
sion). Recent studies suggest that the two modalities may have distinct developmental
patterns (Nagle & Baese-Berk, 2022) and may co-evolve without precedence (Flege & Bohn,
2021). Therefore, to thoroughly understand this dynamic relationship, researchers should
conduct longitudinal observations. Consistent with this idea, training studies often involve
multiple testing sessions. For instance, some studies reviewed in this article adopted a
pretest/posttest/delayed posttest design (e.g., Li et al., 2023b; Xi et al., 2024). This can offer
an opportunity to observe how the perception-production relationship evolves given the
proper intervention. Exploring this research question within the scope of multimodal pho-
netic training can complement the findings of other non-intervention studies and deepen
our understanding of the theoretical aspects of L2 speech acquisition.

Ecological validity and longitudinal effects: The majority of reviewed articles re-
ported strictly controlled lab-based studies, with little longitudinal evidence. Many studies
recruited novice learners to exclude the potential influence of learners’ pre-existing knowl-
edge of the target language on training effects. Only a few studies have been conducted
in classroom training contexts. However, some lack rigorous control conditions, which
limits the generalizability of their findings (e.g., Shimada, 2025). In addition, retention
effects have either not been tested or assessed only after short intervals (e.g., 1 week).
Finally, only part of the studies found generalization effects, others either did not test this
effect or failed to find significant generalizability of gestural training. More importantly, to
facilitate analytical measures, most studies used controlled speech production tasks, such
as imitation and reading tasks, with limited tests on spontaneous speech. Consequently, it
is not clear whether the immediate gains observed in the lab can translate to long-term L2
proficiency or spontaneous speech in real-world communicative contexts. These limitations
question the ecological validity and longitudinal effects of multimodal phonetic training in
practice, which calls for future studies to explore this perspective.

Individual differences: The success of gestural training is likely mediated by individ-
ual learner differences, a factor often overlooked in group-level analyses. Li et al. (2021,
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2024) highlighted that the quality of gesture performance is a significant predictor of the
learning outcomes. This implies that motoric ability or “gesture aptitude,” may be a poten-
tial individual factor to consider in future work. If a learner struggles to coordinate hand
and mouth movements, multimodal cues may present an additional cognitive challenge,
which potentially hinders rather than helps L2 speech acquisition. Beyond gesture-related
aptitude, some studies have included other cognitive factors, such as musical abilities
(e.g., Li et al., 2020; Yuan et al., 2019) and working memory (e.g., Li et al., 2020). However,
systemic evaluations of how individual cognitive differences interact with gestural training
are needed.

Neural mechanisms: The neural mechanisms underlying the role of gestures in L2
phonetic learning remain unclear. Most research has assessed the role of hand gestures
using behavioral measures, with limited neurophysiological evidence (but see Kelly &
Hirata, 2017). Understanding the neural underpinnings of how hand gestures modulate
auditory processing and speech learning is crucial for refining pedagogical interventions.

7. Conclusions and Future Directions
This review synthesizes over a decade of empirical research on the role of hand ges-

tures in L2 phonetic training. The literature reviewed indicates that the integration of visual
and motoric cues encoded by hand gestures reduces cognitive demands, which allows
learners to process abstract phonological concepts more effectively. Existing research indi-
cates that pedagogical gestures (i.e., beat gestures, durational gestures, pitch gestures, and
gestures illustrating articulatory features) can significantly enhance L2 speech acquisition.
Specifically, hand gestures show the most robust effects when they are congruent with the
target phonetic or prosodic features (e.g., pitch gestures for tone) and when they align with
visible articulatory properties (e.g., lip shape).

However, the effectiveness of gestural training is not uniform. As illustrated in this
review, there are significant gaps concerning the optimal paradigm of training (observing
gestures vs. performing gestures), the influence of individual learner differences, and
the long-term retention of these skills in ecological classroom settings. Furthermore, the
dissociation often found between perceptual and productive gains challenges our under-
standing of the sensorimotor mechanisms involved. Future research must move beyond
“does it work?” to “how and for whom does it work?” by incorporating neuroimaging
techniques and longitudinal designs to unravel the neural mechanisms underlying em-
bodied L2 learning. Bridging these gaps will facilitate the development of more effective
multimodal pedagogies that make full use of the body–mind connection.
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Abbreviations
The following abbreviations are used in this manuscript:

L2 Second language
L1 First language

Appendix A. Additional Information About Experimental Design of the
Empirical Studies Involved in the Review

Table A1. Demographic information and experimental design.

Author (Year) Age a AoA & YoL L1-L2 Pair L2 Proficiency Training
Context Training Conditions & Sample Size

Beat

Gluhareva and
Prieto (2017) 19.3 (3.31) NA CA/ES-EN Upper Int. lab 20 (within-subjects)

Llanes-Coromina
et al. (2018) 14.08 (0.28) NA CA/ES-EN Ele.-lower Int. lab 59 in total (beat vs. no beat)

Prieto et al.
(2025b) 21.5 (3.32) NA CA/ES-EN Upper Int. (B2) lab 9 gesture observation, 9 gesture

production

Beat & Durational

Hirata and Kelly
(2010) [19, 23] NA EN-JA Nov. lab

15 audio-only, 15 audio-mouth,
16 audio-hands,

14 audio-mouth-hands

Hirata et al.
(2014) [18, 23] NA EN-JA Nov. lab

22 each (syllable gesture observation,
syllable gesture production, mora
gesture observation, mora gesture

production)

Kelly et al. (2014) [18, 23] NA EN-JA Nov. lab

22 each (syllable gesture observation,
syllable gesture production, mora
gesture observation, mora gesture

production)

van Maastricht
et al. (2019) 25 [18, 65] NA NL-ES Nov. lab 62 in total (no gesture, beat gesture,

metaphoric gesture)

Durational

Li et al. (2020) 19.86 [18, 29] NA CA/ES-JA Nov. lab 25 each (no gesture vs. gesture)

Shimada (2025) NA NA EN-JA Ele.-Int. classroom 9 gesture vs. 8 computer-assisted

Pitch

Morett and
Chang (2015) 20.33 (3.34) NA EN-ZH Nov. lab 57 in total (no gesture, pitch gesture,

semantic gesture)

Baills et al. (2019)

Exp1: 19.86
(1.44)

Exp2: 19.93
(1.41)

NA CA/ES-FR Nov. lab

Exp1: 24 no gesture, 25 gesture
observation;

Exp2: 28 no gesture production vs.
28 gesture production)

Zhen et al. (2019) 21.65 (2.52) NA EN-ZH Nov. lab

18 each (auditory only, congruent pitch
gesture production, congruent pitch

gesture observation, rotated pitch
gesture production, rotated pitch

gesture observation, incongruent pitch
gesture production)

Yu et al. (2024) [18, 23] NA ZH-TH Nov. lab
30 each (word-picture association,

pitch gesture production, pitch feature
observation)

Gao et al. (2026) 20.46 (1.52) AoA = 18
YoL = 3 JA-ZH Ele.-Int. classroom 20 gesture, 19 no gesture

Hirata et al.
(2024) [17, 22] NA EN-JA Nov. lab 66 in total (flat notation, notation,

gesture)

Shimada (2025) NA NA EN-JA Ele.-Int. classroom 9 gesture vs. 8 computer-assisted

Yuan et al. (2019) 19.80 (1.30) YoL = 0.18 ZH-ES Beginner (A1) lab 32 each (no gesture vs. gesture)
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Table A1. Cont.

Author (Year) Age a AoA & YoL L1-L2 Pair L2 Proficiency Training
Context Training Conditions & Sample Size

Baills et al. (2022) 19.88 (2.01) b YoL = 4.58 b CA/ES-FR Int. (A2-B1) lab 27 speech only, 22 non-embodied
logatome, 26 embodied logatome

Li et al. (2023b) 19.89 (3.63) AoA = 13.72
YoL = 5.52 CA/ES-FR Ele.-Int. lab 28 embodied vs. 29 non-embodied

Gestures illustrating articulatory features

Amand and
Touhami (2016) NA NA FR-EN Ele.-Adv. lab 8 each (gesture vs. no gesture)

Amand and
Touhami (2024) NA NA FR-EN NA lab

Pretest: control = 20, gesture = 42;
training & posttest: control =17,

gesture = 14; delayed: control = 3,
gesture = 3

Hoetjes and van
Maastricht (2020) 25 [18, 61] NA NL-ES Nov. lab 12 audio-only, 13 audiovisual,

13 pointing gesture, 12 iconic gesture

Xi et al. (2020) 20.90 (2.50) NA CA/ES-ZH Nov. lab 25 each (no gesture vs. gesture)

Li et al. (2021) 19.31 (1.64) NA CA/ES-ZH Nov. lab 29 no gesture, 29 gesture, 9 control

Xi et al. (2024) 19.7 (1.8) YoL = 5.17 b CA/ES-ZH NA lab 33 each (no gesture, lip hand gesture,
tongue hand gesture)

Gao et al. (2026) 20.46 (1.52) AoA = 18
YoL = 3 JA-ZH Ele.-Int. classroom 20 gesture, 19 no gesture

a. Age information is not consistently reported across studies. Depending on the available numeric information,
we cite the mean age, the standard deviation (in parentheses), or the age range [lower limit, upper limit]. b. The
authors calculated the mean from the reported data. Note: AoA = age of acquisition; YoL = years of formal
learning; CA = Catalan; EN = English; ES = Spanish; FR = French; JA = Japanese; NL = Dutch; TH = Thai;
ZH = Chinese; Ele. = elementary; Int. = intermediate; Adv. = advanced; Nov. = novice (i.e., without prior
knowledge in the target L2); NA = not available.

Notes
1 In the literature, if learners actively perform the pedagogical gestures, the training paradigm is often called “gesture production”

or “producing gestures.” To avoid confusion with speech production, in this review, we use the verb “perform.” Nevertheless, in
Table 1, we retained the original condition names to be consistent with the cited literature.

2 Hirata et al. (2014) refer to this movement as a “mora gesture,” which they distinguish from a “syllable gesture.” The latter
consists of a beat gesture representing a short vowel and a horizontal hand movement representing a long vowel. As the hand
sweep for a long vowel belongs to the scope of “durational gestures,” we discuss this study more thoroughly in Section 3.
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