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Abstract 
The present study aimed to disentangle the influence of gesture 
type, physical involvement level, and individual differences in 
learner characteristics, i.e., working memory (WM) capacity 
and musicality, in determining the effectiveness of L2 lexical 
stress training. To this end, 60 native speakers of Dutch read 
aloud Spanish phrases containing cognates, which were 
counterbalanced for lexical stress position compared to their 
Dutch counterpart (e.g., ‘piRÁmides’ in Spanish, ‘piraMIdes’ 
in Dutch). They did so as a pre-test before receiving lexical 
stress training (T1) and as a post-test both directly after training 
(T2), and approximately one hour later (T3). Subjects received 
lexical stress training in one of five conditions varying in 
gesture type and physical involvement level: audio-visual 
(AV), AV-beat-perception, AV-beat-production, AV- 
metaphoric-perception, AV-metaphoric-production. Between 
T2 and T3, subjects performed a WM capacity and musical 
aptitude task. The results show that irrespective of training 
condition subjects significantly improved their L2 lexical stress 
production from T1 to T2 and T3. Although differences 
between training conditions were non-significant, there were 
several significant three-way interactions between WM 
capacity or musical aptitude and testing time and training 
condition. This underlines the importance of considering task 
and learner characteristics in determining the gestural benefit in 
learning L2 prosody. 
Index Terms: multimodality, gesture, L2 acquisition, lexical 
stress, prosody, individual differences 

1. Introduction 
Previous studies have demonstrated both the integrated relation 
between speech and gesture in communication [1-2] and the 
beneficial role that gestures can play in first language (L1) ac-
quisition [3]. However, theories about the use of gestures in 
foreign language (L2) learning are less conclusive. Although 
several studies have demonstrated the benefit of using gesture 
in L2 vocabulary learning [4-6], little is known about the effec-
tiveness of gestures in other linguistic areas. Since the gestural 
benefit in L2 vocabulary learning might be explained by the 
close semantic relation between speech and gesture [7], one 
may wonder whether gestures also improve L2 learning when 
the speech-gesture relation is not semantically based, like in L2 
prosody learning, which comprises the acquisition of phrasal 
and lexical stress, intonation, and rhythm [8]. 

Exploring the effect of gestures in learning L2 prosody is 
interesting for two main reasons. First, in L2 learning, prosody 
contributes to L1 perceptions of (non-)nativeness [9-11], and, 
since achieving native-like pronunciation is still considered the 
norm [12], L2 speakers who make prosodic errors seem to 

suffer several negative consequences [13-14]. Hence, if 
gestures would help in learning L2 prosody this could be a 
theoretically valid and practical addition to L2 teaching 
methods. Second, beat gestures, which commonly visualise 
speech rhythm, are temporally aligned with prosodically 
prominent elements in speech [15-17]. Thus, in natural speech, 
there appears to be a direct relation, though not a semantic one, 
between beat gestures and prosodic prominence. While prior 
research has reported some positive trends for the effect of 
gesture on L2 prosody learning [18-19], findings are often 
barely significant [20-21], and studies reporting no gestural 
benefit also exist [22-23]. A potential explanation for these 
varying findings is that factors like gesture type (i.e., beat or 
metaphoric), physical involvement level (i.e., producing or 
perceiving gestures), and learner characteristics might be 
important in determining the effectiveness of gestures in L2 
prosody training.  

First, different gesture types may affect L2 prosody acqui-
sition in different ways. Beat gestures, for example, have a 
natural relation with prosodic prominence in speech [15], while 
metaphoric gestures might better visualise specific L2 prosodic 
contrasts (e.g., the rising/falling of Mandarin tones [24]). 
Second, the physical involvement level during training might 
also affect learning outcomes: Producing gestures involves a 
more embodied representation and an additional modality 
compared to perceiving gestures, hence according to theories of 
embodied cognition and multimodality, it is expected that 
producing gestures results in a greater learning benefit than only 
perceiving them [7, 25-26]. Third, individual learner charac-
teristics might affect the relationship between gestures and L2 
prosody learning too. [27] reported that the benefit of 
perceiving and producing gestures during language learning 
depends on learners’ cognitive abilities, such as their WM 
capacity. Musical aptitude, the ability to hear patterns in sets of 
sounds, might be another important learner characteristic in this 
context, as it is closely related to prosodic learning [28]. 
Although, separately, gesture type, physical involvement level, 
and individual differences concerning musicality appear to be 
relevant in determining the gestural benefit in L2 prosody 
learning, it is still unknown how they interact when combined. 
Hence, this paper attempts to untangle the effect of gesture type, 
physical involvement level, WM capacity, and several musical 
aptitude measures in the context of L2 lexical stress training.  

In our experiment, Dutch subjects were trained to produce 
Spanish lexical stress. Learners generally struggle with lexical 
stress in their L2, especially in cognates that are highly similar 
except for their stress position (e.g., ‘proFEssor’ in Dutch, but 
‘profeSOR’ in Spanish). Our participants were trained either 
with beat gestures, metaphoric gestures, or without gestures. 
Moreover, the training conditions varied in physical 
involvement level as subjects were asked to either produce or 
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perceive the gestures during training. Additionally, productions 
were measured at three different time points (i.e., pre-test; T1, 
immediate post-test; T2, and delayed post-test; T3). Finally, 
WM capacity and musical aptitude were measured using a 
backwards digit span task [29] and a music perception task 
using subtests from the Profile of Music Perception Skills 
(PROMS) test battery [30].  

2. Method  

2.1. Participants 

Sixty Dutch natives participated in the study (45 females, M age 
= 23.86 years, SD = 8.68), almost all were raised monolingually 
and had no, or little, knowledge of Spanish. They received 10 
euros or course credits after participating and their age, gender, 
language, and education background did not differ across the 
five experimental conditions. Participants were randomly 
assigned to one of the five conditions. 

2.2. Materials 

The study contained 1) a read-aloud task, 2) lexical stress train-
ing, 3) a musical aptitude task, 4) a working memory task, and 
5) a questionnaire.  

2.2.1. Read-aloud task 

At T1, T2, and T3, participants read aloud 31 short Spanish 
phrases (e.g., El elefante gris, the grey elephant) containing a 
Spanish-Dutch cognate with either similar (14 filler items), or 
dissimilar (17 target items) lexical stress in Spanish and Dutch. 
The target words were counterbalanced for the presence of a 
written accent (marking where stress should be in Spanish). The 
phrases were presented individually one after the other on a 
screen, accompanied by a picture illustrating the meaning of the 
phrase. Only data from the target items was analysed. The items 
were presented in a different order at each time point. 

2.2.2. Lexical stress training 

Between T1 and T2, participants received lexical stress 
training, during which they were given written explanations 
about the 3 lexical stress rules governing lexical stress position 
in Spanish. Each rule was accompanied by a written example, 
which was also produced by a Spanish native in a video. De-
pending on the experimental condition (AV, AV-beat-
perception, AV-beat-production, AV-metaphoric-perception, 
AV-metaphoric-production), the video showed the L1 speaker 
producing no gesture or either a beat or metaphoric gesture 
(horizontally visualising extended syllable duration) aligned 
with the stressed syllable of the target word and required 
different physical involvement levels by the participant 
(perceiving vs. also producing the gesture in training). After the 
example, participants were asked to imitate the speech of the 
speaker (and the hand movements, in the gesture production 
conditions), followed by another practice item and implicit 
feedback on this item via a prerecorded video of the Spanish 
native pronouncing the item (see Figure 1). 

2.2.3. Musical aptitude task 

After T2, participants performed musical aptitude and WM 
tasks. The musical aptitude task consisted of a modular version 
of the PROMS task which included short versions of the subsets 
that are most closely related to lexical stress: melody, rhythm, 
and accent. Subjects heard the same sound fragment twice 

followed by a comparison sound fragment and were asked to 
indicate whether the comparison fragment was the same or 
different from the first two fragments. Depending on the subset, 
participants were asked to focus on melody, rhythm, or accent. 
 

  
 

Figure 1: Lexical stress training slides. 1) the stress rules in 
Spanish, 2) an example, 3) a practice item, 4) feedback to the 

practice item in the AV condition. 

2.2.4. Working Memory task 

The WM task was a backwards digit span task abstracted from 
the AWMA test battery [29]. Subjects heard digit spans and 
were asked to repeat them backwards. The task started with 
three easier practice items followed by six blocks of digit spans 
increasing in length (two to seven digits). If subjects produced 
four of the six spans in the block correctly, they went to the next 
block. If a subject made errors in more than three spans within 
one block the task ended. Subjects were scored on how many 
digit spans they repeated correctly. After the WM task, subjects 
did the final post-test (T3) and filled out a questionnaire about 
their language background and (formal) musical experience.  

2.3. Procedure 

In the lab, participants were seated behind a computer screen 
connected to a laptop that was controlled by the experimenter. 
The participant controlled the pace of the lexical stress training 
and musical aptitude tasks. The experimenter controlled the 
pace of the other tasks. The entire session was video- and audio-
recorded and took 50-60 minutes, with a short break between 
the musical aptitude task and the WM task. The order of the 
different tasks was the same for all participants. 

2.4. Data coding and analysis 

Participants’ speech productions at T1, T2, and T3 were 
transcribed and annotated in Praat [31]. Target items were 
coded (in a random order) as having correct Spanish lexical 
stress or not. 10% of the data was coded by a second rater, 
resulting in high inter-rater reliability, ĸ=.987, p<.001. The 
musical aptitude task resulted in a score for the subtests (i.e., 
melody (0 – 10), rhythm (0 – 8), and accent (0 – 10). For the 
WM task, participants received a score based on the final block 
they had reached (0-7).  

A multilevel logistic regression analysis was conducted in 
R and Rstudio [32] using the lme4 package [33]. The binomial 
outcome variable was Spanish lexical stress production 
(correct/incorrect). The main predictors included in the analysis 
were: time of testing (T1/T2/T3), training condition (AV/AV-
B-perc/AV-B-prod/AV-M-perc/AV-M-prod), stress rule (i.e., 
whether the target word had a written accent or not), melody 
score (M = 5.09, SD = 1.76), rhythm score (M = 4.58, SD = 
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1.31), accent score (M = 5.14, SD = 1.31), and WM score (M = 
4.43, SD = 1.03). Various subject characteristics were entered 
as control predictors, and item was included as a random factor. 
A stepwise forward procedure was used to add main effects and 
interactions to a baseline model. In the Results, we will focus 
primarily on the findings related to musicality. 

3. Results 
There was a significant main effect of time of testing, with sub-
jects being less likely to correctly produce L2 lexical stress at 
T1 (21.85% correct) than at T2 (61.60% correct, b = 2.52, SE = 
.76, p < .001) and at T3 (60.7% correct, b = 3.35, SE = .75, p < 
.001), with no difference between T2 and T3. There was also a 
significant main effect of training condition, with participants 
in the AV-beat production condition being less likely to 
produce correct L2 lexical stress (42.89% correct) than 
participants in the AV (49.6% correct, b = -1.95, SE = .94, p = 
.037), AV-metaphoric perception (45.78% correct, b = -1.34, 
SE = .41, p = .011), and AV-metaphoric-production condition 
(53.92% correct, b = -1.52, SE = .46, p = .010). However, this 
effect reflects performances across all three testing times, in-
cluding T1, pre-training. Hence, conclusions about the 
effectiveness of gesture and physical involvement in the 
training conditions cannot be drawn based on these results. The 
interaction between time of testing and training condition was 
non-significant. Hence, differences in performance on L2 
lexical stress production between T1, T2, and T3 cannot be 
explained by the different training conditions (see Figure 2). 
Specifically, there was no significant difference in 
improvement from T1 to T2, from T2 to T3, and from T1 to T3 
between training with or without gestures, between having beat 
or metaphoric gestures in training (i.e., gesture type), and 
between producing or perceiving gestures (i.e., physical in-
volvement level).  
 

 
Figure 2. Ratio of Correct L2 Lexical Stress Productions per 

Training Condition, Separated by Time of Testing 
 
The main effects of WM, melody, rhythm, and accent scores 
were all non-significant, indicating that subjects’ WM capacity 
and musical aptitude did not directly influence L2 lexical stress 
productions (see Table 1). The two-way interactions between 
time of testing and WM, melody, rhythm, or accent scores were 
also non-significant, indicating that, across training conditions, 
subjects’ improvements on producing L2 lexical stress were in-
dependent of their WM capacities or musical aptitudes. 
However, there was a significant three-way interaction between 

time of testing, stress rule, and melody score and between time 
of testing, stress rule, and rhythm score (see Table 2), where the 
relation between time of testing and melody score and between 
time of testing and rhythm score and their influence on 
producing correct L2 lexical stress varied between words with 
and without a written accent. In addition, several three-way 
interactions between time of testing and training condition on 
the one hand and WM or musical aptitude scores on the other 
hand were also significant, implying that WM capacity and 
musical aptitude influenced the effectiveness of the different 
training conditions over time, in different ways. 

 
Table 1 Mean (Standard Deviation) WM, Melody, Rhythm, 

and Accent scores split between incorrect and correct L2 lexi-
cal stress productions collapsed over Time of testing 

 L2 Lexical Stress Productions 
 Incorrect  

Mean (SD) 
Correct  
Mean (SD) 

WM score 4.34 (1.03) 4.52 (1.02) 
Melody score 4.97 (1.74) 5.24 (1.79) 
Rhythm score 4.51 (1.32) 4.67 (1.29) 
Accent score 5.08 (1.30) 5.22 (1.31) 

 
Table 2 Estimated Effects and coefficients for three-way inter-

actions including individual differences 
Predictor b esti-

mate 
Std. 
Error 

z 
value 

p 
value 

T1 * AV-B-prod * 
WM score 

-2.60 1.20 -2.16 .031 

T1 * AV-M-prod * 
WM score 

2.54 1.25 2.03 .042 

T2 * Melody score * 
Stress rule 

1.50 .58 2.59 .010 

T2 * AV-B-prod * 
Melody score 

4.18 1.33 3.14 .002 

T3 * AV-B-prod * 
Melody score 

3.94 1.38 2.86 .004 

T3 * Rhythm score * 
Stress rule 

-.66 .24 -2.83 .005 

T2 * AV-B-prod * 
Rhythm score 

1.13 .36 3.15 .002 

T3 * AV-B-prod * 
Rhythm score 

2.00 .43 4.61 < .001 

T2 * AV-M-prod * 
Rhythm score 

1.24 .48 2.57 .001 

T3 * AV-M-prod * 
Rhythm score 

1.52 .54 2.83 .005 

T3 * AV-B-prod * 
Accent score 

-1.98 .69 -2.87 .004 

T1 * AV-M-prod * 
Accent score 

2.02 .91 2.22 .026 

Note. Table only includes the significant three-way interactions 
from the regression model. 
 

At T1, in the AV-B-prod condition, lower WM scores pre-
dicted better performance on L2 lexical stress production 
(which was also visible in the AV-B-perc condition), but in the 
AV-M-perc and AV-M-prod conditions, higher WM scores 
seemed to predict better performance. In the AV condition, WM 
scores did not predict performance. In addition, these results 
show that melody aptitude scores in combination with the AV-
B-prod condition affect lexical stress production differently 
than the other conditions. The significant interaction between 
time of testing, training condition, and rhythm score suggests 
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that the relationship between time of testing and rhythm 
aptitude varied across training conditions and that the relation 
between training condition and rhythm aptitude significantly 
varied across testing times. In the AV-B-prod and AV-M-prod 
condition, a higher rhythm aptitude predicted better per-
formance on L2 lexical stress production at T2 and T3, whereas 
in the other training conditions this relation was less clear. The 
significant interaction between time of testing, training 
condition, and accent score (see Table 2) suggests that the 
relation between testing time and accent aptitude varied across 
training conditions. Whereas in the AV-B-prod condition lower 
accent scores predicted better performance, in the AV condition 
higher accent scores predicted better performance, and in the 
AV-B-perc condition accent scores did not predict performance 
on L2 lexical stress production. The significant three-way 
interaction also suggests that the relation between training 
condition and accent aptitude significantly varied across testing 
times. 

4. Discussion & Conclusion 
We aimed to disentangle the effect of gesture type (i.e., beat or 
metaphoric), physical involvement level (i.e., producing or per-
ceiving gestures), and individual measures (WM capacity and 
musical aptitude) on the effectiveness of L2 lexical stress 
training. Firstly, the findings on time of testing showed that a 
short training session on a specific L2 prosodic contrast, in this 
case lexical stress, significantly improved L2 speakers’ 
productions. An unanticipated finding was that there was no 
difference in outcome when comparing training with or without 
gestures or different gesture types. Likewise, there was no 
difference in effectiveness between producing or perceiving 
gestures during training. The lack of a significant interaction 
between time of testing and training condition showed that 
participants improved their performance after T1, but that it 
stayed the same between T2 and T3, irrespective of 
experimental condition. There were also no main effects of 
WM, melody, rhythm, and accent scores. 

The overall lack of significance of main effects and two-
way interactions may be due to a lack of statistical power: A 
power analysis [34] showed that the present study is limited as 
substantially more subjects were required per condition to reach 
statistical power. Nevertheless, there were several significant 
three-way interactions involving individual characteristics. 
Focussing on those involving musicality, first, melody scores 
significantly influenced differences between training 
conditions at T2 and T3, and not at T1, which is as expected, 
as, at T1, subjects had not yet received training. Moreover, at 
T2, subjects with a lower melody aptitude seemed to benefit 
most from producing or perceiving metaphoric gestures, while 
subjects with a higher melody aptitude seemed to benefit most 
from producing or perceiving beat gestures. At T3, these 
differences had disappeared, though producing beat gestures 
was still most beneficial for subjects with a higher melody ap-
titude, and perceiving metaphoric gestures was still most bene-
ficial for subjects with a lower melody aptitude. Together, this 
suggests that the effectiveness of different gesture types might 
be related to L2 learners’ melody aptitudes.  

Second, the influence of rhythm scores on producing 
correct L2 lexical stress differed significantly before and after 
training. As expected, there were no significant differences be-
tween training conditions at T1, but at T2 and T3, subjects with 
a higher rhythm aptitude benefitted most from producing ges-
tures in training, while subjects with a lower rhythm aptitude 

benefitted more from perceiving gestures. This implies that the 
effect of physical involvement level may depend on rhythm ap-
titude and that subjects with a lower rhythm aptitude benefit 
from less physical involvement. Third, the effect of accent 
scores on producing L2 lexical stress significantly differed be-
fore and after training. As expected, no significant differences 
between training conditions occurred at T1, but at T2, subjects 
with a lower accent aptitude benefitted more from all training 
conditions than subjects with a higher accent aptitude, except 
the metaphoric production condition, which was most effective 
for learners with a higher accent aptitude. Moreover, at T3, 
subjects with a lower accent aptitude benefitted most from 
producing and perceiving metaphoric gestures and producing 
beat gestures in training, while subjects with a higher accent 
aptitude benefitted most from training without gestures. These 
findings suggest that especially learners with a lower accent 
aptitude benefitted from training with gestures. 

Although the influence of the different musical aptitude 
measures varies, the results indicate that subjects with a lower 
musical aptitude need more visual information compared to 
subjects with a higher musical aptitude in learning L2 prosody, 
but there is an important trade-off point: Whereas subjects with 
a lower melody aptitude benefitted more from metaphoric 
gestures, which are not acoustically related to speech but 
provide more information about the specific prosodic contrast 
compared to beat gestures, and subjects with a lower accent 
aptitude seemed to benefit more from gestural training in 
general, subjects with a lower rhythm aptitude did not benefit 
more from gesture production. Therefore, subjects with a lower 
musical aptitude seem to benefit from more visual information, 
as long as they can cognitively process this additional modality. 
Producing gestures might be too cognitively demanding for 
subjects with low musical aptitudes, who already must focus on 
the musical properties, and, therefore, perceiving gestures, 
which is less cognitively demanding, is more beneficial.  

The results of this study have shown that, irrespective of 
training condition, subjects significantly improved their L2 
lexical stress production after training. Moreover, we found 
several significant three-way interactions containing WM 
capacity or musical aptitude measures. Hence, the effectiveness 
of gesture type in combination with physical involvement level 
in L2 lexical stress training was significantly affected by these 
individual differences. Together, these findings suggest that, in 
L2 prosody acquisition, learner characteristics and fine-grained 
methodological choices (e.g., concerning gesture type and 
physical involvement level) together affect L2 prosody 
performance and should be carefully considered in future 
research.  
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