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I Introduction

Bilingualism has become the rule rather than the exception. To illustrate, in 2016, around
two thirds of working-age adults in the European Union knew at least one foreign lan-
guage (FL) (Eurostat, 2019). However, it is also true that not everyone speaks a second
language (L2). Therefore, it is necessary to implement teaching strategies that enhance
FL learning. From a theoretical perspective (Kroll & Stewart, 1994), the acquisition of
vocabulary in a FL would imply the establishment and reinforcement of connections
between semantics and the new words that are learned in the FL. Thus, while novice
learners preferably translate words through the use of lexical connections between first
language (L1) and FL words, expert learners translate words across languages using con-
nections between the meaning and the lexicon in FL (Talamas et al., 1999).

In the past, different strategies have been implemented to maximize the teaching of FL
vocabulary by stressing the semantic processing of the material. Increased vocabulary
learning has been demonstrated with FL teaching methods that foster a semantic route of
processing; e.g. presenting a word to learn with a picture denoting its content in adults
(Altarriba & Mathis, 1997), and children population (Comesana et al., 2009); or imagin-
ing the meaning of a word to be learned (Ellis & Beaton, 1993; Wang & Thomas, 1995).
Moreover, the use of gestures that represent the meaning of words to be learned has a posi-
tive effect on vocabulary acquisition (for reviews, see, for example, De Grauwe et al.,
2014; Gullberg, 2014; Kelly et al., 2008, 2009; Macedonia & Knosche, 2011; Macedonia
& Kriegstein, 2012; McCafferty & Stam, 2008; Morett, 2014; So et al., 2012).

In the current study, we focus on the role of gestures in the teaching of FL vocabulary.
Specifically, we evaluate whether the mere exposure to gestures is sufficient to show the
positive effect of gestures on the learning of FL words. Additionally, we examine if it is
necessary for the participants to perform the gestures in order to observe their effect on
learning.

| The role of movement in teaching

In the educational system, the possible advantages associated with teaching through
actions relative to the observation-based teaching have been a topic under discussion for
decades (Goldin-Meadow, 1999). Forms of movement directly related to language pro-
cessing are gestures that usually occur with speech. There are different types of gestures
associated with language processing (McNeill, 1992), such as one or more fingers
directed to a reference (deictic gestures), hand movements that reflect the prosody and
emphasize the speech (beat gestures), gestures culturally specific such us thump up and
hand in fist to indicate ‘good’, and representational or iconic gestures used to illustrate
the meaning of what is being said. In particular, there are a large number of studies show-
ing that the use of movements and, especially, iconic gestures, benefits the acquisition of
vocabulary in FL (Feyereisen, 2006; Kelly et al., 2009; Macedonia & Klimesch, 2014;
Morett, 2014).
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The role of movements in FL vocabulary acquisition has been tested in previous
teaching protocols. To illustrate, Asher (1966) proposed the Total Physical Response
strategy as an efficient manner of acquiring new words in a FL. This strategy consisted
of a guided method where students received indications in the L2. For example, children
were taught the word fobe in Japanese (meaning ‘to jump’ in English), and every time
they heard this word they had to perform the gesture denoted by the meaning of the word
(to jump). In addition, empirical evidence on the role of movement in the teaching of an
L2 reveals that better vocabulary learning is found when participants learn FL words
accompanied by gestures that reflect the common use of objects whose names have to be
learned (Feyereisen, 2006; Kelly et al., 2009; Macedonia & Klimesch, 2014). This ben-
eficial effect associated with the use of gestures in the teaching of FL words has been
demonstrated in several educational fields such as online courses, language learning, or
technology use (Aleven & Koedinger, 2002; Bessen, 2015; although see Nakatsukasa,
2019). Moreover, the relevance of movement in language processing has been confirmed
in many studies (Glenberg et al., 2004; Glenberg et al., 2008; Gluhareva & Prieto, 2017;
Koriat & Pearlman-Avnion, 2003). Therefore, the performance of actions determines
language comprehension.

On the other hand, the beneficial effect of gestures on the teaching of FL seems to
depend on the type of word to be learned. In particular, nouns are easier to learn than
verbs when children and adults acquire vocabulary (Childers & Tomasello, 2002; Fernald
& Morikawa, 1993; Garcia-Gamez & Macizo, 2019; Goldfield, 1993; Hadley et al.,
2016; Tardif et al., 1997). Concrete nouns would have specific perceptual features that
enhances the learning of new words while verbs represent dynamic information that
enables the extraction of the verbal essence of the action (Golinkoff et al., 2002). In a
study conducted by Hadley and colleagues (2016), the effect of gestures on the teaching
of different types of words was directly addressed in preschool children. The results
revealed that although concrete nouns obtained higher learning rates, the use of gestures
while teaching verbs served as scaffold for the verbal information provided by them.
This information would explain why most of the research evaluating the impact of ges-
tures when teaching an L2 has used verbs as learning material, because the meaning of
many verbs (e.g. verbs that denote actions with manipulable objects) are closely related
with movements (e.g. Kelly et al., 2009). In fact, previous studies confirm that the
semantic representation of verbs intrinsically contains a gestural or motor component
(Boulenger et al., 2009; Hauk et al., 2004). To our knowledge, the study developed by
Garcia-Gamez and Macizo in 2019, was the first work in which nouns and verbs were
compared when adult individuals learned FL words accompanied by gestures. The results
revealed that, in general, nouns were easier to learn than verbs; however, when the mean-
ing of the verbs and the gestures matched (i.e. when the iconic gesture clearly repre-
sented the verb meaning), the verbs reached a learning rate similar to that of nouns. Thus,
gestures would play a greater role during the learning of verbs and would reduce the
increased difficulty associated with the learning of verbs vs. nouns in a FL (see also,
Kelly et al., 2009; Quinn-Allen, 1995).

Different theoretical arguments explain the beneficial effect that gestures have in the
teaching of a foreign language. The ‘learning-by-doing’ perspective defends the active
participation of the individual in the learning process by performing actions during the
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educational development. Learning-by-doing can positively affect the formation of neu-
ral networks underlying the acquisition of knowledge and the performance of many cog-
nitive skills (Goldin-Meadow et al., 2012). Moreover, gestures might favor the
involvement of the participant in the learning task (Helstrup, 1987), so they could facili-
tate enhanced attention to the learning material which would increase the retention of
words (Craik & Tulving, 1975). In addition, the performance of gestures when individu-
als process new words would promote the creation of a mental image associated with the
meaning of this word, which would reinforce the semantic content of the word to be
learned (Denis et al., 1991). Finally, gestures would enrich the encoding of the words to
be learned by adding sensorimotor networks and procedural memory to the semantic/
declarative memory associated with the meaning of the words (Macedonia & Mueller,
2016).

However, the use of gestures in teaching has some limitations. For example, Zhen and
colleagues (2019) found that gestures are only useful in FL learning when the motor and
sensory modalities share a common representational mapping. Moreover, a negative
effect is found associated with the use of gestures in FL vocabulary learning. Incongruent
gestures (i.e. familiar gestures with an easily recognizable meaning that mismatch the
meaning of the word to be learned) make the teaching of FL difficult (Feyereisen, 2006;
Kelly et al., 2009; Macedonia et al., 2011). The negative effect of incongruent gestures
might be due to a semantic interference effect (Bernardis et al., 2008; Yap et al., 2010).
To illustrate, Bernardis and collaborators (2008), used a gesture—word priming paradigm
in which participants received a gesture prime followed by a word that they had to name.
Compared to a baseline condition without gestures, the authors observed faster naming
times when the gesture was congruent (i.e. a facilitation effect) and slower latencies
when the gesture was incongruent with the meaning of the word (i.e. an interference
effect). The semantic interference effect was interpreted as due to the difficulty in inte-
grating the meaning of the gesture and the word when participants processed gesture—
word pairs with different meanings.

Similarly, Garcia-Gamez and Macizo (2019) observed both the positive and negative
effects of the use of gestures in the teaching of vocabulary in a foreign language. In par-
ticular, the authors evaluated the teaching of foreign words (Vimmi, an artificial lan-
guage) over three sessions (i.e. three consecutive days). During the learning process,
each word to be learned was accompanied by a gesture and, afterwards, the participants
had to reproduce the gesture previously presented. The results revealed better learning
when the words were accompanied by a gesture congruent with the meaning of the word
to be learned. Conversely, learning was impaired when the meaning of the gesture was
inconsistent with that of the word. Thus, the processing of gestures could benefit or
impair FL learning depending on the congruency between the gestures and the meaning
of the words (Feyereisen, 2006; Kelly et al., 2009; Macedonia et al., 2011). However, in
the study conducted by the authors, it could not be distinguished whether those effects
were due to the mere observation of gestures and/or the performance of gestures during
training, because the participants saw and reproduced the gestures in the training ses-
sions. In the current study, we will evaluate this point by comparing the conditions of
seeing vs. doing gestures during learning.[AQ: 2]
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2 Consequences of seeing vs. doing while teaching

Several studies have examined the differences between self-performed tasks and experi-
menter-performed tasks (Cohen, 1981; Engelkamp & Zimmer, 1983). In 2012, Goldin-
Meadow and colleagues directly compared the role of self-performed gestures versus
seeing another individual producing them when children learned a mental transformation
task. In their study, children were required to perform a mental rotation task in which
they had to indicate whether two shapes presented in different orientations were the same
figure or not. They used this task because previous studies demonstrate the close rela-
tionship between mental rotation and motor processing. When participants are instructed
to mentally rotate a target, premotor areas involved in the planning of actions become
active (Ganis et al., 2000; Glenberg et al., 2008) and participants spontaneously make
gestures when they are required to explain how they solve this task (Chu & Kita, 2008).
Goldin-Meadow and colleagues (2012) showed that children obtained better results
when they were instructed to produce the gesture needed to solve the transformation task
rather than when they observed the experimenter doing the movements. Thus, the perfor-
mance of movements improved the results obtained in the task compared to the mere
exposure to gestures associated with the mental rotation of objects.

Empirical evidence has confirmed also the importance that the self-generation of
movements has during the teaching of linguistic material. For example, Morett (2018)
showed that spontaneous production of gestures in a dialogic task had a greater impact
on FL learning than the viewing of nonspontaneous gestures. On the other hand, Tellier
(2008) presented new words in English to five-years-old children coupled with gestures
that they had to reproduce or accompanied by pictures depicting the words meaning.
Gestures production was more effective for learning than pictures observation. She
argued that gestures are able to integrate the visual and motor modalities leaving a strong
imprint in memory. Engelkamp and collaborators (1994) asked participants to learn sen-
tences while performing the actions described in the sentences or by simply listening to
and memorizing the material. The results revealed that the recall of sentences was higher
when participants performed actions during the learning phase. The authors interpreted
that the performance of actions favored the formation of a motor trace that benefited the
retention of information. Empirical evidence supporting this argument comes from the
study conducted by James and Swain (2011). The authors taught children action words
associated with concrete toys. Some of the children manipulated the objects while learn-
ing and the remaining children observed the experimenter manipulating the same objects.
When children listened to the words they had previously learned, motor brain areas were
activated only in children who performed the toys manipulation themselves. Thus, the
performance of motor actions when teaching vocabulary favors the learning of new
words and the benefit associated with the performance of movement during learning
seems to be due to the formation of a motor trace that would be activated during the
subsequent retrieval of information.

However, other studies have found similar pattern of results when participants pro-
duce actions and when they only see actions produced by others (e.g. Rizzolatti &
Craighero, 2004). In the lowest levels of linguistic processing, hand gestures observation
or production seem to have a limited effect on the learning of FL segmental phonology
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or novel phonetic distinctions (Hirata et al., 2014; Kelly et al., 2014). In higher linguistic
levels, where hand gestures have proven to positively affect learning, different studies
have reflected that self-generated movements and gestures observation yield similar out-
comes. For example, Cherdieu et al. (2017) showed that the learning of anatomy lectures
was similar when the instructor performed movements related to the lecture content or
when the students imitated these movements. Concerning FL acquisition, during the
learning of Chinese tones and words, similar results were found when participants
observed (Experiment 1) and produced (Experiment 2) pitch gestures (metaphoric ges-
tures mimicking melody in speech production) (Baills et al., 2019). In a recent study,
undergraduate English speakers were acoustically presented with 10 Japanese verbs
while an instructor performed iconic gestures. Participants obtained similar results when
they were instructed to learn the words just by seeing the instructor gestures or by imitat-
ing her movements (Sweller et al., 2020). Finally, in a study addressing the effect of
movements on sentences reading comprehension in children, Glenberg and colleagues
(2004, Experiment 3) found intermediate results. Children were exposed to histories hap-
pening in a particular scenario (a farm) where different referents appeared (a sheep or a
tractor). For the first group of children, objects referred to in the text were present and
they were instructed to simulate the sentence content by manipulating the objects. The
second group of children was required to imagine they were manipulating the toys. The
results showed a beneficial effect of the manipulation condition while the imagined con-
dition presented a modest improvement compared to an only-read condition. Thus,
although movement performance appears to improve learning, it is not clear whether a
learning protocol that involves self-generated actions would have an additional benefit to
the mere observation of movements.

Taken together, the self-generation of movements during learning seems to have a
beneficial effect on both non-linguistic tasks (e.g. Goldin-Meadow et al., 2012) and for-
eign language teaching (Engelkamp et al., 1994; Morett, 2018; Tellier, 2008). The forma-
tion of an enriched semantic representation in memory, containing not only verbal but
also motor information, makes more accessible the information previously acquired and
this is at the basis of the beneficial effect of performing movements during learning
(Engelkamp et al., 1994; James & Swain, 2011). However, other studies seem to suggest
that the mere viewing of gestures is enough for learning regardless of whether partici-
pants are instructed to perform the gestures themselves (Sweller et al., 2020). This con-
troversial pattern of results could be due to methodological differences between studies
such as the sample of participants, children (e.g. Goldin-Meadow, 2012) versus under-
graduate students (e.g. Kelly et al., 2014), the type of learning task such as dialogic task
(e.g. Morett, 2018) versus segmental phonology (e.g. Hirata et al., 2014), etc. In particu-
lar, the vast majority of studies in favor of the positive effect of self-generated gestures
use semantically rich material such as words (Tellier, 2008) or sentences (Engelkamp
et al., 1994) while some of the studies in which no difference between seeing and produc-
ing gestures is observed are focused on non-semantic linguistic levels (e.g. segmental
phonology, Hirata et al., 2014; Kelly et al., 2014) or they manipulate the performance or
non-performance of gestures in different experiments (e.g. Baills et al., 2019). In our
study, we address these aspects in a unified study in which we manipulate between-
groups the performance vs. viewing of gestures while participants learn words accompa-
nied by iconic gestures that convey semantic information.
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3 The current study

In general, there is agreement about the facilitative role that gestures have in the teaching
of FL vocabulary (Feyereisen, 2006; Kelly et al., 2009; Macedonia & Klimesch, 2014).
However, there is controversy regarding the role that the performance of self-generated
movement (‘do’ teaching) versus the mere observation of movement (‘see’ teaching) has
on FL vocabulary acquisition. As indicated above, some studies show an improved learn-
ing associated with the self-generation of gestures (Engelkamp et al., 1994; Morett,
2018; Tellier, 2008) while in other works no difference is found between the viewing of
gestures and the performing of gestures by the learners of a FL (Hirata et al., 2014; Kelly
et al., 2014; Sweller et al., 2020). The debate about the advantage associated with the
self-generation of gestures during the teaching of FL words could be mediated by differ-
ences in the type of foreign language information that is taught (e.g. phonology, words,
sentences, dialogues), the type of gesture used during the learning process (e.g. iconic
gestures, pitch gestures), or the type of relationship between the learning material and the
gestures used during the acquisition of a foreign language. In the present study, we
address these aspects following the methodology employed by Garcia-Gamez and
Macizo (2019). To be more specific, in a single experiment, we explored the possible
differences between FL teaching based on the viewing of gestures vs. FL teaching based
on the performance of gestures using the same material (verbs), the same language pairs
(L1: Spanish, FL: Vimmi), and the same learning conditions depending on the relation-
ship between the gestures and the FL words.

On the other hand, one important contribution of the current study is that we explored
the role of viewing vs. self-performing gestures in adult population unlike the vast major-
ity of previous studies in which this issue is addressed with children (Glenberg et al.,
2004; Goldin-Meadow et al., 2012; James & Swain, 2011; Tellier, 2008). It is important
to highlight this methodological difference because adult population has much more
experience performing actions than children and for adults, the semantic content of ges-
tures and the visual imagery associated with words, is richer than in children (Bauer
et al., 2017). Taken this issue into account, the mere observation of movements resem-
bling action verbs would be enough for adult population to take advantage of the positive
effect of gestures on FL learning and hence, gestures observation would reinforce the
connections between the FL words and the semantic system in a similar manner as if they
were performing the gestures themselves (see Sweller et al., 2020). In other words, adult
participants may not show any difference between the viewing of gestures and the per-
formance of gestures.

In our study, we directly evaluated these questions. To this end, adult Spanish (L1)
speakers learned new words (verbs) in an artificial language (Vimmi, FL) in three con-
secutive days. This form of continuous training over three consecutive days was similar
to the one used by Garcia-Gamez and Macizo (2019) in which participants learned FL
words (verbs, Experiment 2) while seeing and reproducing gestures during learning. In
addition, the evaluation of the participants through three sessions of FL vocabulary
teaching allowed to capture the learning curve throughout the training. Finally, the dura-
tion of the study, the number of exposures to FL words, and the number of learning ses-
sions were established according to Garcia-Gamez and Macizo so that the participants
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could acquire a correct percentage of FL words without reaching a ceiling effect that
would prevent the evaluation of the role of gestures through different learning conditions
(e.g. in Garcia-Gamez and Macizo, Experiment 2, the recall percentage was 20% in the
first session, 43% in the second session, and 64% in the third session).

In the current study, participants were randomly assigned to two teaching conditions;
the ‘see’ and the ‘do’ teaching groups. The ‘see’ teaching group was required to read
aloud Spanish—Vimmi word pairs (L1-FL) to observe and to imagine themselves mim-
icking the gestures that were presented on a video at the same time. The ‘do’ teaching
group was instructed to read aloud the word pairs in Spanish and Vimmi (L1-FL) and to
imitate the gestures that were presented on the screen. Furthermore, in order to compare
the effect of viewing vs. generating gestures depending on the type of gesture, we used
the same four learning conditions previously employed by Garcia-Gamez and Macizo
(2019): the L1-FL word pair to be learned was (1) presented alone (no gesture condi-
tion), (2) coupled with a gesture that matched the meaning of the word (congruent ges-
ture condition), (3) coupled with a gesture which was semantically unrelated to the word
meaning (incongruent gesture condition), or (4) coupled with a gesture that did not
denote any specific meaning (meaningless gesture condition). Macedonia et al. (2011)
compared the effect of iconic gestures versus a baseline condition composed of meaning-
less gestures when participants learned FL vocabulary (i.e. Vimmi words). Thus, follow-
ing these authors, in our study, we also considered the meaningless gesture condition as
a baseline to evaluate both the benefit and the potential cost associated to the use of
congruent and incongruent gestures in FL vocabulary learning. Note that the no gesture
condition vs. the congruent/incongruent conditions differ in two aspects, the involve-
ment of semantic information and the motor component. On the contrary, the meaning-
less gesture condition vs. the congruent/incongruent conditions only differ in the semantic
component (only present in the congruent/incongruent condition but not in the meaning-
less gesture condition). Thus, we thought it would be suitable to use the meaningless
gesture condition as a baseline in our study. However, the no gesture condition was also
relevant in the current experiment to examine the effect of the motor activity during the
encoding of FL words that was present in all gesture conditions (congruent, incongruent
and meaningless gesture conditions) but not in the no gesture condition.

In this study, action verbs were used as learning material because of the close relation-
ship between the meaning of verbs and movements (Boulenger et al., 2009; Hauk et al.,
2004). To evaluate the FL learning rate across training sessions, participants performed a
forward (L1-FL) and a backward (FL—-L1) translation task. There were two reasons for
using this evaluation task: (1) The forward and backward translation task has been used
in many studies to evaluate the development of lexical and semantic proficiency in bilin-
guals (e.g. Kroll et al., 2002; Kroll & Stewart, 1994; Kroll & Tokowicz, 2001). (2)
According to the Revised Hierarchical Model (i.e. Kroll & Stewart, 1994), there are dif-
ferences in the way bilinguals perform this task depending on the direction of translation.
Backward translation would involve lexical connections (FL-L1). On the contrary, for-
ward translation would demand more cognitive resources because it would include an
additional stage of semantic processing.

Based on previous studies about the role of gestures on FL vocabulary teaching, we
expected to find a positive effect from the use of congruent gestures during the acquisi-
tion of FL words. At the same time, the processing of gestures not related to the meaning
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of words would impair FL learning. This pattern of results would confirm both the ben-
efit and the cost of using gestures during vocabulary acquisition in a FL (Feyereisen,
2006; Kelly et al., 2009; Macedonia et al., 2011). However, the most relevant predictions
referred to the role of performing vs. observing gestures during the teaching of FL. If the
mere observation of gestures was sufficient to modulate vocabulary acquisition, the pat-
tern of outcomes would not depend on the type of training. On the contrary, if active
training involving the performance of gestures maximizes learning, the learning rate
would be higher in the ‘do’ teaching group compared to the ‘see’ teaching group.
Regarding the direction of the translation task, as in previous studies, we expect to
observe an asymmetric effect with a more efficient performance in the backward direc-
tion than in the forward direction (e.g. Kroll & Stewart, 1994). This prediction is due to
the fact that forward translation entails more semantic processing than backward transla-
tion which would increase the difficulty when translating from L1 to FL than vice versa.
Concerning the possible interactions between the direction of the translation task and the
gesture conditions (congruent, incongruent, meaningless and no gestures) it would be
expected that the forward translation, which is more semantically mediated compared to
the backward translation, would have a greater impact on the gesture conditions that are
semantically congruent and incongruent with the FL words relative to the meaningless
gesture condition.

Il Method

| Participants

Thirty-one Spanish speakers we recruited for this study (28 women and 3 men). At pre-
sent, it is difficult to consider Spanish speakers as monolinguals due to the L2 and even
third language (L3) instruction at school and higher education. However, we looked for
participants as less proficient in any FL as possible. To this end, we used the following
inclusion criteria to select the participants in our study: On a daily basis, they had to
report that (1) they had no contact with any other language (oral language or signed lan-
guage) different from Spanish, (2) their last contact with a FL had to be at high school,
(3) they had never received any FL instruction apart from regular education and, (4) they
had never obtained a FL certification. All participants were selected from the same pool
(they were students from the University of Granada, Spain) and received course credits
as reward. Sixteen of them (15 women and 1 man) were randomly assigned to the ‘do’
teaching group, their mean age was 21.12 years (SD = 2.53). The remaining 15 partici-
pants (13 women and 2 men) were randomly assigned to the ‘see’ teaching group, their
mean age was 21.13 years (SD = 2.72). Each participant provided written informed
consent before performing the experiment. None of the participants reported a history of
language disabilities, and they had normal or corrected-to-normal visual acuity.

2 Design and materials

The participants were randomly divided into two experimental groups. Half of them
learned words with the ‘see’ training and the rest with the ‘do’ training. Four FL vocabulary
teaching conditions were manipulated within-participants: No gesture condition: Spanish
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(L1) — Vimmi (FL) word pairs had to be learned without gestures (e.g. peinar, ‘to brush’ in
Spanish, and fola, a Vimmi word). Meaningless condition: L1-FL word pairs to be learned
were coupled with meaningless gestures (e.g. peinar—tola and the gesture of touching the
forehead and the right ear with the right forefinger). Congruent condition: L1-FL word
pairs were accompanied with gestures that reflected the common use of objects whose
names had to be learned in FL (e.g. peinar—tola and the gesture of holding an imaginary
comb in the right hand and comb the hair from the front to the back). Incongruent condi-
tion: L1-FL word pairs were coupled with a gesture associated with an action verb differ-
ent from that denoted by the L1 word (e.g. peinar—tola and the gesture of moving both
hands fingers as if typing on a keyboard) (see Figure 1).

The material (word pairs and gestures) used in the current study were the same as
those described in Garcia-Gamez and Macizo (2019, Experiment 2). The congruent and
incongruent gestures presented along with the L1-FL word pairs were iconic gestures
(McNeill, 1992), which have been also called representational gestures (Kendon, 1983),
that usually illustrate a concrete physical object or movements associated with a known
action. For example, for the meaning of eating, the gesture would involve holding an
imaginary spoon and putting it to the mouth. The gestures used in the meaningless condi-
tion were small movements performed with the hand that did not have iconic or meta-
phoric associations with the meaning of physical items (for example, to form a fist with
one hand and raise the fingers of the other hand). We took care to select meaningless
gestures with similar properties to those of meaningful gestures (e.g. hand configuration,
the use of simple movement trajectory and spatial location). To ensure that the congru-
ent, incongruent and meaningless gesture conditions were actually different at the level
of association between the semantics of the words and the gesture, a pilot study was
conducted. A group of 15 Spanish participants who did not participated in the main
experiment was selected. The task consisted on the presentation of a video showing a
gesture on the screen coupled with a Spanish word. Participants were instructed to rate
the degree of semantic correspondence between the word and the gesture meaning from
1 (low match) to 9 (high match). The results revealed that the three gesture conditions
differed in terms of the association between the words and the meaning of the gestures (a
detailed explanation of this pilot study and the pattern of results is described in Garcia-
Gamez & Macizo, 2019).

In addition, 40 words were selected in Spanish. These words were verbs denoting
familiar actions performed with hands and face (e.g. to kiss, to pray, etc.) (for the com-
plete set of materials, see Appendix 1). Forty words were also selected from an artificial
language, Vimmi (Macedonia et al., 2011; Macedonia & Kndsche, 2011). The corpus of
Vimmi words is constructed so that it avoids factors that might favor the learning of
specific items (co-occurrence of syllables, similarity with words from languages such as
Spanish, English, and French). Vimmi words were carefully selected so that they were
pseudowords with legal orthography and phonology in Spanish but without meaning.
The forty Spanish words were paired randomly with the forty Vimmi words. The result-
ing 40 word pairs were randomly sorted into 4 sets of 10 word pairs. Four lists of 40 word
pairs were created. Each list was composed of 10 word pairs in each of the four training
conditions (no gesture condition, meaningless condition, congruent condition, and
incongruent condition). Each participant received one list, with all participants being
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Congruent Incongruent

peinar-tola peinar-tola

Meaningless No gesture

peinar-tola peinar-tola

Figure |. Teaching conditions used in the study. Spanish (LI) — Vimmi (FL) words (verbs) are
coupled with different gesture conditions. In the example, peinar (‘to brush’ in Spanish) — tola (a
Vimmi word) was accompanied by (a) the gesture of holding an invisible comb in the right hand
and comb the hair from the front to the back (congruent condition); (b) the gesture of moving
both hands fingers as if typing on a keyboard (incongruent condition); (c) the meaningless
gesture of moving the hand from the forehead to the ear (meaningless condition); (d) the word
pairs were presented without a gesture (no gesture condition).

randomly assigned to one of the four lists. Across lists, the 40 words were counterbal-
anced over the four training conditions, so that all word pairs appeared in all training
conditions.

The forty word pairs were randomly sorted into 4 sets (10 word pairs in each) and
randomly assigned to one of the four teaching conditions. The Spanish verbs across the
4 sets were equated in lexical variables (Davis & Perea, 2005). There were no differences
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across word sets in the number of graphemes, F < 1 (M = 6.53, SD = 1.48), number of
phonemes, F < 1 (M = 6.30, SD = 1.44), number of syllables, F < 1 (M = 2.50, SD =
0.68), lexical frequency, FF < 1 (M = 15.48, SD = 23.62, per one million count), famili-
arity, F < 1 (M = 3.50, SD = 3.09), and concreteness, F < 1 (M = 2.90, SD = 2.53).
Finally, we controlled for the similarity between the L1 and FL words. The Spanish and
Vimmi words across conditions shared the same number of phonemes in the same posi-
tion, F < 1 (M = 0.37, SD = 0.63), and irrespective of the position within the word, F
< 1M = 1.45,SD = 0.96).

3 Procedure

FL vocabulary teaching involved three training sessions conducted on three consecutive
days. In each session, participants performed, firstly, the FL training and, afterwards, the
assessment of the FL learning. The two phases were separated by a 15-minute break.
E-prime experimental software was used for stimulus presentation and data acquisition
(Schneider et al., 2002). Participants were informed that the training sessions would be
recorded on video to be sure that they followed the instructions provided by the experi-
menter. The procedure performed in this study was approved by the Ethical Committee
on Human Research at the University of Granada (Spain) associated with the research
project (Grant PID2019-111359GB-100; number issued by the Ethical committee: 957/
CEIH/2019) awarded to Pedro Macizo, and in accordance with the 1964 Helsinki decla-
ration and its later amendments.

a ‘See’FL training. Participants were presented with a block of 40 Spanish—Vimmi word
pairs. These word pairs were grouped (10 word pairs in each group) according to the four
teaching conditions (no gestures, meaningless gestures, congruent gestures, and incon-
gruent gestures). This block was repeated 12 times. Hence, a participant received 480
trials where the 40 word pairs were presented 12 times. A short break was introduced
between teaching blocks. The word pairs were randomly presented within each condi-
tion. In addition, the order in which the teaching conditions were presented within a
block was counterbalanced. On each trial, the participant received a Spanish—Vimmi
(L1-FL) word pair visually presented at the bottom of the screen. These word pairs were
presented with a video where an actor performed the iconic gestures (see Figure 1). Ges-
tures were recorded on video by the experimenter and they were congruent, incongruent,
and meaningless, depending on the teaching condition. The duration of each recorded
gesture was five seconds and the gesture was repeated twice. The participants were
instructed to read aloud each L1-FL word twice. In the three gesture conditions (congru-
ent, incongruent and meaningless), participants were instructed to imagine themselves
imitating the actor gestures but they did not have to do any movement. They had to
mentally produce the gesture presented each time they said aloud the L1-FL word pairs,
so they repeated the gestures twice as the actor does in the videos. In the no gesture con-
dition, the actor did not perform any movement and participants only repeated aloud the
words pairs twice (L1 Spanish—FL Vimmi). For example, when participants received the
word pair peinar—tola along with the congruent gesture, they had to say aloud this word
pair at the time they mentally produced the gesture of holding an imaginary comb with
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the right hand and to comb the hair from the front to the back. Once the participants had
produced the word-pair twice, they had to press the space bar to continue to the next trial.
Each training session lasted approximately 1 hour. The reason why we asked the partici-
pants of the ‘see’ teaching group to imagine themselves mentally producing the gesture
was to prevent the participants from ignoring the gesture and focusing on the learning of
the words in Vimmi. We recognize that, a priori, we had no way to confirm that the par-
ticipants were indeed mentally producing the gesture. However, a posteriori, the differ-
ences observed in the ‘see’ teaching group across the gesture conditions (see Section I1I)
seem to confirm that, actually, the participants followed the instructions provided by the
experimenter and they mentally performed the required gesture.

b ‘Do’ FL training. As in the ‘see’ training, participants were presented with a block of
40 Spanish—Vimmi written word pairs. The learning material was exactly the same used
in the ‘see’ FL training. The participants were instructed to read aloud each L1-FL word
twice. In the three gesture conditions, participants had to produce the gesture presented
in the video each time they said aloud the L1-FL word pair. Hence, they repeated the
words pairs and the gesture twice. Participants started the production of the gesture when
they began the production of the L1-FL word pair. Once the participants had produced
the word-pair twice, they had to press the space bar to continue to the next trial. The
training lasted approximately 1 hour.

¢ FL learning assessment. Two tests were used to evaluate the acquisition of FL words
in the ‘see’ and ‘do’ teaching groups: Translation from Spanish into Vimmi (forward
translation from L1 to FL) and translation from Vimmi into Spanish (backward transla-
tion from FL to L1). These tasks have been used in previous studies to evaluate FL learn-
ing (Kroll & De Groot, 2005; Poarch, Van Hell, & Kroll, 2015) and in studies about the
role of gestures in FL vocabulary acquisition (Garcia-Gamez & Macizo, 2019).

The order in which the translation tests were presented was randomized across the
three training sessions and across participants to avoid any kind of order effect. In each
translation task, the 40 Spanish words and the 40 Vimmi words were presented in the
forward and backward translation tasks, respectively. On each trial, a word was pre-
sented in the middle of the screen until the participant produced its translation. Oral
translations were recorded for later analyses of recall accuracy. Response times (RTs)
from the presentation of the word until the beginning of the oral translation were also
registered. The learning assessment lasted approximately 10 minutes depending on the
participants’ performance.

Il Results

Translation direction (forward translation, backward translation), training session (first
session, second session, third session) and teaching condition (no gestures, meaningless
gestures, congruent gestures, incongruent gestures) were considered as within-partici-
pants factors while the teaching group (‘see’, ‘do’) was considered a between-groups
variable. Analyses of variance (ANOVAs) were conducted with participants () and
items (F,, word pairs to be learned) as random factors. Bonferroni-adjusted pairwise
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comparisons can be also consulted in the footnote.! Mixed model analyses are also
reported as online supplementary material.

Although recall percentages (Recall %) are the main index of vocabulary acquisition,
reaction times (RTs) were also analysed in this study. The RTs associated with correct
translations were trimmed following the procedure described by Tabachnick and Fidell
(2001) to eliminate univariate outliers. Raw scores were converted to standard scores
(z-scores). Data points which, after standardization, were 3 SD outside the normal distri-
bution, were considered outliers. After removing outliers from the distribution, z-scores
were calculated again. The filter was applied in recursive cycles until no observations
were outside 3 SD. In all analyses, we adopted a significance level of o = 0.05. The
percentage of outliers was 10.62% in the ‘see’ and 11.51% in the ‘do’ teaching groups.
Only correct responses were included in the analyses of the RTs. Data points were
excluded from the RT analyses if: (1) the participants produced nonverbal sounds that
triggered the voice key, (2) the participants stuttered or hesitated in producing the word,
(3) the participants produced something different than the word required.

Some small errors were allowed and considered correct responses depending on the
length of the correct word to be produced (for the same coding system, see Garcia-
Gamez & Macizo): (1) For monosyllabic words, the replacement of a vowel; (2) for
disyllabic words, the replacement of a vowel or a consonant but not both; (3) for words
with three or more syllables, the inversion of a vowel and a consonant or the replacement
of'a vowel or a consonant. We considered as correct answers those low-level (sublexical)
errors (e.g. replacement of vowels that did not involve new semantic content). Since the
FL words were in an artificial language (Vimmi), when the participants replaced a vowel
in Vimmi (e.g. ‘rel’) to create a legal word (e.g. ‘rol’) this type of response was consid-
ered an error (less than 5% of total errors).

| Recall performance

Recall percentages were submitted to a Session X Teaching Condition X Teaching
Group X Translation Direction analysis of variance (ANOVA). Table 1 shows the com-
plete pattern of results obtained in the analysis. The mean of recall in the ‘see teaching
group’ was 48.39% (47.00% in the forward translation direction and 49.78% in the back-
ward translation direction) while in the ‘do’ teaching group the mean recall was 59.98%
(59.32% in the forward translation direction, and 60.63% in the backward translation
direction). There was a significant main effect of session, F,(2, 58) = 153.65, p < .001,
n,’ = .84, F,(2,156) = 919.30, p < .001, 1,7 = .92. The recall percentage was 30.19%
(SE = 4.02) in the first session, 59.61% (SE = 3.89) in the second session, and 72.74%
(SE = 3.68) in the third session. Linear trend analysis revealed that the recall of FL
words was higher in the final session relative to the beginning of the training, (1, 29)
= 177.52,p < .001, n’ = .86, F,(1, 78) = 1315.19, p < .001, n° = .94. The main effect
of teaching condition was significant too, /,(3, 87) = 18.96, p < .001, npz = .40, F,(3,
234) = 19.84, p < .001, npz = .21. Mean recall percentage was 63.72% (SE = 3.64) in
the congruent condition, 50.07% (SE = 4.11) in the incongruent condition, 47.73 (SE =
3.81) in the meaningless condition, and 55.20% (SE = 3.84) in the no gesture condition.
Compared to the meaningless condition, the recall percentages were higher in the
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Table 2. Comparison between teaching conditions in the ‘see’ and ‘do’ teaching groups on
recall percentages.

‘see’ group ‘do’ group

LI to FL FL to LI LI to FL FL to LI

t p t p t p t p
Meaningless vs. congruent 8.03  .00% 328  .0I* 6.28  .00* 2,61 .02%
Meaningless vs. incongruent ~ 2.75  .02%* 1.34 20 036 .73 1.82 .09

Meaningless vs. no gestures ~ 3.13  .01* 348  .00% .07 .30 285  .0I*
Congruent vs. no gestures 2.51 .03* 129 22 549 .00+ 038 .7l

Congruent vs. incongruent 3.31 Oo* 350 .00+ 484 .00* 362  .00%
Incongruent vs. no gestures 020 .85 084 4l 0.78 A5 4.85 .00*

Notes. FL = foreign language. L1 = first language. Comparison of recall percentages across teaching condi-
tions obtained in the translation tasks. *p < .05.

congruent condition, #,(30) = 6.91, p < .001, £,(79) = 5.73, p < .001, and the no gesture
condition, #,(30) = 3.55, p = .001, #,(79) = 3.68, p = .007. The difference between the
meaningless condition and the incongruent condition was not significant, #,(30) = .86, p
= .40, t,(79) = .79, p = .43. Finally, the congruent gesture condition showed significant
advantages compared to the no gesture condition, #,(30) = 3.69, p < .001, £,(79) = 2.12,
p = .04. Thus, the more participants trained the better results they obtained, however, the
meaningless gesture condition seemed to be the most detrimental to the learning process,
while the performance of congruent gestures improved the learning process compared to
the no gesture condition.

The overall recall percentage was higher in the ‘do’ teaching group (59.98%, SE =
4.99) than in the ‘see’ teaching group (48.39%, SE = 5.15). The main effect of teaching
group was not significant in the analyses by participants, (1, 29) = 2.60, p = .12, r]p2
= .08, but it was by items, F',(1, 78) = 9.04, p = .003, npz =.10. Moreover, the Teaching
Group X Teaching Condition X Translation Direction interaction was significant, /,(3,
87) =4.98,p = .003, 77,,2 =.15,F,(3,234) = 10.06, p < .001, npz = .11. No other three-
way interactions showed significant differences (all ps > .05). The Teaching Condition
X Translation Direction significant interaction was analysed further for each teaching
group separately (see Table 2 and Figure 2).

a ‘See’ teaching group. The teaching condition (congruent, incongruent, meaningless,
and no gestures) and the translation direction (forward, backward) were entered for
ANOVA analysis. The main effect of teaching condition was significant, £,(3, 42) =
8.97, p < .001, npz = 39, F)(3,117) = 2.74,p = .04, npz = .07. The recall percentage
was 57.44% (SE = 5.61) in the congruent condition, 47.22% (SE = 5.72) in the incon-
gruent condition, 39.00% (SE = 5.71) in the meaningless, and 49.89% (SE = 5.55) in the
no gesture condition. Compared to the meaningless condition, there was a facilitation
effect with congruent gestures so the recall percentage was higher in the congruent con-
dition, #,(14) = 5.08, p < .001, ¢,(39) = 3.33, p = .002. In addition, the difference
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"See" Teaching Group
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Figure 2. Recall percentage (% Recall) of the ‘see’ (upper graph) and ‘do’ (bottom graph)
teaching groups as a function of translation direction (LI to FL, FL to L1) and the gesture
conditions (congruent, incongruent, meaningless, and no gestures).

Note. Standard error is plotted in vertical lines.

between the meaningless gesture condition and the no gesture condition was significant,
t,(14) = 3.70, p = .002, 1,(39) = 2.13, p = .04, thus, the processing of a meaningless
gesture reduced the recall of FL words compared to the learning of words without ges-
tures. There was a trend towards significance when the meaningless gesture condition
was compared to the incongruent gesture condition by participants, ,(14) = 2.06, p =
.06, 1,(39) = 1.31, p = .20. Finally, when the congruent and no gesture conditions were
compared, congruent gestures revealed a trend towards significance by participants,
t,(14) = 1.97,p = .07, 1,(39) = .55, p = .58. The remaining main effects or interactions
did not reach significance (all ps > .05).
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b ‘Do’ teaching group. As in the ‘see’ teaching group, the teaching condition and the
translation direction were subjected to analysis of variance (ANOVA). There was a main
effect ofteachlng condition, £,(3, 45) = 12.76, p < .001, n, 2= 46,F,3,117) = 23.77,
p < .001, n = .38, which was modulated by the Translatlon Direction X Teaching
Condition 1nteract10n F(3,45) = 13.94, p < .001, 1, 7= A48, F,3,117) = 26.12,p <
001, n, 2 = 40. This interaction was analysed further by examining the teaching condi-
tion effect in each translation direction separately.

In the forward translation direction (L1-FL), the teaching condition effect was sig-
nificant, (1, 15) = 146.21,p < .001, n’ = 91, F,(3, 117) = 29.22, p < .001, n* = .43.
There was a facilitation effect so participants were more accurate in the congruent ges-
ture condition (73.13%, SE = 4.18) relative to the meaningless gesture condition
(56.04%, SE = 5.24),¢,(15) = 6.28, p < .001, £,(39) = 6.73, p < .001. No differences
were found between the meaningless and the incongruent (55.21%, SE = 5.68) condi-
tions, #,(15) = .36, p = .73, t,(39) = .25, p = .80. No differences were found between
the meaningless and the no gesture conditions (52.92%, SE = 5.78), t,(15) = 1.07, p
=30, £,(39) = 1.02, p =.31. Therefore, the interference associated with the processing of
meaningless gestures vs. no gesture condition obtained in the ‘see’ teaching group was
not observed in the ‘do’ teaching group. Finally, the performance of congruent gestures
showed a higher advantage compared to the no gesture condition, #,(15) = 5.49, p <
001, £,(39) = 7.51, p < .001.

In the backward translation direction, the differences between teaching conditions
were significant too, F (1, 15) = 139.35, p < .001, n? = .90, F,(3, 117) = 20.61,p <
.001, n° = .35. The mean of recall was 66.87% (SE = 5.67) in the congruent condition,
50.63% (SE = 6.38) in the incongruent condition, 56.88% (SE = 5.39) in the meaning-
less condition, and 68.13% (SE = 5.00) in the no gesture condition. The difference
between the meaningless and the congruent conditions was significant, 7,(15) = 2.61, p
= .02, 1,(39) = 3.73, p < .001, as well as the comparison between the meaningless and
no gesture conditions, #,(15) = 2.84, p = .01, £,(39) = 4.82, p < .001. The comparison
between meaningless and incongruent gestures was not significant by participants, ¢,(15)
= 1.82, p = .09, but it was by items, #,(39) = 2.38, p = .02. The comparison between
the congruent and no gesture conditions was not significant ¢,(15) = 0.38, p =.70, £,(39)
=.11,p=91.

2 Response times

As in the recall analyses, the Session X Teaching Condition X Teaching Group X
Translation Direction variables were entered in analyses of variance (ANOVA) with par-
ticipants (/) and items (F’,) as random factors (for the complete set of results, see Table
1; and for the mean RTs in each treatment, Table 3).

The session effect was significant, F,(2, 58) = 34.26, p < .001, 77 = .54, F,2,156)
= 146.51, p < .001, 1, 2 = .65. The mean response time in the flrst session was 2,536
ms (SE = 64), 2,252 ms (SE = 65) in the second session, and 2,020 ms (SE = 58) in the
last session. Linear trend analyses showed significant differences between the first and
the third session, F,(1, 29) = 49.53, p < .001, n’ = .63, Fy(1,78) = 254.27, p < .001,
n? = .77. The main effect of translation direction was significant too, F,(1,29) = 17.71,
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Table 3. Response times (RTs) in the ‘see’ and ‘do’ teaching groups.

Congruent Incongruent Meaningless No gestures
‘see’ teaching group:
LI-FL (Ist session) 2,546 (181) 3,006 (176) 3,061 (184) 2,802 (213)
LI-FL (2nd session) 2,464 (156) 2,505 (141) 2,501 (169) 2,536 (162)
LI-FL (3rd session) 1,961 (142) 2,083 (123) 2,482 (191) 2,140 (140)
FL-L1 (Ist session) 2,696 (193) 2,783 (131) 2,930 (146) 2,494 (203)
FL-L1 (2nd session) 2,068 (91) 2,207 (155) 2,464 (169) 1,997 (190)
FL-L1 (3rd session) 1,740 (125) 2,075 (156) 1,220 (110) 1,879 (140)
‘do’ teaching group:
LI-FL (Ist session) 2,474 (175) 2,326 (170) 2,543 (178) 1,756 (206)
LI-FL (2nd session) 2,055 (151) 2,328 (136) 2,278 (164) 2,469 (157)
LI-FL (3rd session) 1,902 (137) 2,130 (119) 2,069 (185) 2,071 (136)
FL-L1 (Ist session) 2,262 (187) 2,538 (224) 2,325 (141) 2,030 (196)
FL-L1 (2nd session) 1,720 (88) 2,237 (150) 2,100 (164) 2,116 (184)
FL-L1 (3rd session) 1,729 (121) 2,256 (152) 1,753 (106) 1,835 (136)

Notes. Mean RTs (in milliseconds) obtained in the ‘see’ and ‘do’ teaching groups as a function of the transla-
tion direction (LI to FL translation, FL to LI translation), the training session (first session, second session,
third session) and the teaching condition (congruent gestures, incongruent gestures, meaningless gestures,
no gestures). Standard errors are in brackets.

p <.001, npz = .38, F,(1,78) = 39.57, p < .001, npz = .34, with participants respond-
ing faster in the backward (2,185 ms, SE = 55) than in the forward (2,354 ms, SE = 54)
translation direction. The main effect of teaching condition was significant, F,(3, 87) =
6.91,p <.001, npz = .19, F,(3,234) = 20.21, p < .001, npz = .21. Mean response times
were 2,135 ms (SE = 68) in the congruent condition, 2,372 ms (SE = 62) in the incon-
gruent condition, 2,393 ms (SE = 57) in the meaningless condition, and 2,177 ms (SE
= 80) in the no gesture condition. Participants responded significantly faster in the
congruent condition compared to the meaningless condition, #,(30) = 3.35, p = .002,
t,(79) = 5.21, p < .001. The comparison between the meaningless and the no gesture
conditions was marginal, #,(30) = 1.97, p = .06, 1,(79) = 1.91, p = .06. No differences
were observed between the meaningless and the incongruent gesture conditions, #,(30)
= .15, p = .89, t,(79) = .58, p = .57. The difference between the congruent and no
gesture conditions was not significant by participants, #,(30) = 1.45, p = .16 but it was
by items, ¢,(79) = 3.66, p < .001. Therefore, participants were faster at the end of the
training compared to the beginning of the teaching process. They showed the regular
translation direction effect with slower responses in the forward direction compared to
the backward direction (e.g. see also Kroll & De Groot, 2005); and they also exhibited
faster processing times in the congruent gesture condition compared to the meaningless
and the no gesture conditions (see also Macedonia et al., 2011).

Importantly, the main effect of teaching group was significant, (1, 29) = 6.72,p =
.01, npz = .19, F,(1,78) = 98.01, p < .001, 77,,2 = .55. Participants in to the ‘do’ teaching
group responded faster (2,137 ms, SE = 71) than the ‘see’ teaching group (2,401 ms, SE
= 73). Finally, the Session X Teaching Group interaction was significant, F,(2, 58) =
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5.90, p = .005, 1,7 = .17, F,(2, 156) = 29.33, p < .001, 5,7 = .27. Participants were
significantly faster in the ‘do’ teaching group (2,282 ms, SE = 89) compared to the ‘see’
teaching group (2,790 ms, SE = 92) in the first teaching session, F7,(1, 29) = 15.86, p <
001, n? = .35, F,(1,78) = 43.80, p < .001, ’ = .36. The difference between the teach-
ing groups was not significant in the second teaching session by participants, (1, 29)
= 1.92, p = .18, n’ = .06, but it was by items, F,(1, 78) = 11.04, p = .001, n’ = .13.
Finally, at the end of the training, the teaching groups did not differ by participants, /7,(1,
29) = .80, p = .38, n’ = .03, but the teaching effect was significant by items, F,(1, 78)
=9.65,p =.002,n° = .11.

IV Discussion

Movements seem to play a role in many cognitive processes. A facilitative effect has
been observed with different types of movements not only in educational settings, but
also in clinical contexts (e.g. developmental disorders, aphasia treatments, etc.) (Botting
et al., 2010; Hogrefe et al., 2013; Kelly et al., 2008). For example, pointing movements,
defined as deictic gestures, and beat gestures, that reflect the prosody and emphasize the
speech, have showed positive effects on language learning and development (Kushch.,
2018; Morett, 2014; So et al., 2012). Iconic gestures that make reference to concrete enti-
ties or actions are especially remarkable in this context. These gestures have been used
in many studies to explore how acts enhance memory consolidation in language produc-
tion and comprehension (Goldin-Meadow & Alibali, 2013; Straube et al., 2012) and in
FL vocabulary acquisition (So et al., 2012; Tellier, 2008). Previous works have addressed
the comparison between gestures imitation and pictures observation (Tellier, 2008),
some studies have compared the observation vs. the production of non-iconic gestures
(e.g. pitch gestures, beat gestures) (Morett, 2014; Baills et al., 2019), and Sweller and
colleagues (2020) directly evaluated the impact of self-performed gestures and gestures
observation with iconic gestures that were implemented as learning material together
with acoustically presented FL words. However, to our knowledge, the effects of obser-
vation vs. production of gestures have not been evaluated taking into account the differ-
ent semantic relation that can be established between gestures and words (congruent,
incongruent, meaningless).

In our study, the main interest was the direct comparison between the consequences
of self-performed iconic gestures relative to the observation of gestures while teaching
vocabulary in FL. To this end, participants learned FL verbs accompanied by different
types of gestures (congruent, incongruent, meaningless, no gesture) in two different con-
ditions. The ‘do’ teaching group was instructed to perform the gestures that accompanied
the FL words while the ‘see’ teaching group observed the gestures without performing
any movement.

The results found in the study revealed higher recall of FL words in the ‘do’ teaching
group (60%) than in the ‘see’ teaching group (48%), however, the difference between
types of training was significant in the analyses conducted by items but not in the analy-
ses conducted by participants. Nevertheless, the participants retrieved FL words more
rapidly in the ‘do’ teaching group (2,137 ms) than in the ‘see’ teaching group (2,401 ms).
Thus, the training based on the self-generation of gestures facilitated, to some extent, the
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retrieval of vocabulary in a FL. It is possible that requesting the participants in the ‘see’
teaching group to imagine the gesture would have reduced the possibility of observing a
more consistent teaching group effect. However, as noted in Section II, the instruction to
imagine gestures was implemented to prevent the participants in the ‘see’ teaching con-
dition from focusing only on the learning of FL words while ignoring the processing of
the gestures. Nevertheless, previous studies comparing the direct manipulation of objects
against an imagined manipulation condition show better outcomes when participants
actually perform the motor activity (Glenberg et al., 2004).

Concerning the effect of the different gesture conditions used in our study, the results
revealed a facilitation effect on FL teaching when the words to be learned were accom-
panied by congruent gestures compared to the meaningless gesture condition. Specifically,
the congruent gesture condition was associated with higher recall percentage and faster
response time relative to the meaningless gesture condition. This improvement in FL
teaching due to the processing of gestures whose meaning is congruent with that of the
words to be learned confirms the results observed in previous research (Feyereisen,
2006; Kushch et al., 2018; Macedonia & Klimesch, 2014; Macedonia & Knosche, 2011).
For example, in Macedonia and colleagues’ (2011) study, a group of German speakers
learned Vimmi words presented with iconic gestures (e.g. the word suifcase appeared
with the gesture of an actor lifting an imaginary suitcase) or meaningless gestures (e.g.
the word suifcase and the gesture of touching one’s own head). The results revealed bet-
ter recall for words learned with iconic gestures relative to words accompanied by mean-
ingless gestures.

In addition to the facilitative effect of gestures in the congruent condition compared
to the meaningless gesture condition, a controversial pattern of results was observed in
the ‘see’ teaching condition of the current study. Participants remembered fewer words
in the meaningless gesture condition compared to the no gesture condition. Overall, this
outcome has been found in previous studies and seems to suggest that the use of gestures
when teaching a foreign language can have both a positive and a negative effect (e.g.
Garcia-Gamez & Macizo, 2019; Kelly et al., 2009). The use of gestures in the learning
of a foreign language makes the student face a dual task (the learner has to code both the
gesture and the FL word). This dual task situation would interfere with the learning pro-
cess. In fact, previous studies confirm the difficulty in the coding of information in a
foreign language if, at the same time, students are instructed to undertake a concurrent
task (Van Patten, 1990; Wong, 2001). Later, we will discuss in depth the negative effect
observed in some of the gesture conditions of our study. Therefore, the use of gestures
would have a negative effect during learning (i.e. when teachers perform meaningless
gestures). However, this negative effect dissipates and, instead, a facilitation effect
emerges, when the semantic information contained in the gesture converges with the
meaning of the word to be learned (i.e. the congruent condition). This positive effect of
the use of congruent gestures in teaching seems to be associated with a more efficient
semantic processing compared to the meaningless gesture condition (Denis et al., 1991).

In the present study, and in line with previous findings, the FL learning facilitation
effect due to the processing of congruent gestures was independent of the type of training
(‘see’ teaching vs. ‘do’ teaching) which suggests that mere exposure of gestures is suf-
ficient to observe the beneficial effect of gestures on the acquisition of vocabulary in a
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FL (Sweller et al., 2020). Although our behavioral results are not directly linked to brain
activity measures, this pattern of results is also in line with the outcomes of different
studies in which it is demonstrated that mere observation of actions produces a pattern of
brain activation similar to that found during the performance of motor actions (motor
cortex activation, Stefan et al., 2005). Thus, the processing of gestures, both observing
and performing them, might enrich the encoding of the words to be learned by adding
sensorimotor networks and procedural memory to the semantic/declarative memory
associated with the meaning of the words (Macedonia & Mueller, 2016). Hence, gestures
would enhance semantic processing of words.

However, as we have discussed above, not all gesture conditions improved the learn-
ing process. Specifically, in the ‘see’ teaching condition, the performance of gestures
incongruent with the meaning of FL words hindered vocabulary acquisition. Previous
studies have shown the cost associated with processing incongruent gestures (Feyereisen,
2006; Kelly et al., 2009; Macedonia et al., 2011). The negative effect of incongruent
gestures during FL vocabulary teaching might be due to semantic interference produced
by the mismatch between the gesture and the meaning of the word to be learned
(Bernardis et al., 2008; Yap et al., 2010). Semantic interference with incongruent ges-
ture—word pairs would reflect the difficulty to integrate the meaning of the word and the
gesture in working memory (Bernardis et al., 2008, p. 1126). In other words, the lack of
correspondence between the information activated by the gesture and the word would
lead to a conflict situation in working memory, which would hinder the learning and
later recall of FL words.

On the other hand, the ‘see’ teaching group showed an additional interference effect,
with lower recall of words in the meaningless gesture condition than in the no-gesture
condition. The gestures used in the meaningless condition were small movements per-
formed with the hand that did not have iconic or metaphoric associations with the mean-
ing of physical items (for example, the gesture of moving the hand from the forehead to
the ear). Thus, the interference found in the meaningless gesture condition would stem
from the conflict between motor traces activated by the observation of meaningless
movements and the processing of action verbs. In fact, previous studies have shown that
both the processing of action verbs and the observation of actions produce activation of
the motor cortex similar to the one that would be expected if the participants were per-
forming a movement. Regarding the processing of verbs, Hauk et al. (2004) found that
the passive reading of action verbs (e.g. to lick, pick or kick) differentially activated
areas along the associated motor strip that overlapped with areas activated by actual
movement of the tongue, fingers and feet, respectively. Concerning the observation of
movements, Buccino and collaborators (2001) reported that the observation of both
object and non-object related actions produced a somatotopically organized activation of
premotor cortex similar to that of the classical motor cortex homunculus. Thus, the
results found in the ‘see’ teaching group suggest that the processing of incongruent and
meaningless gestures produced interference due to the mismatch between the semantic
and motor information associated with these gestures and the words to be learned in a FL
(Huang et al., 2019).

However, the interference effects found in the ‘see’ teaching group with meaningless
gestures compared to the no gesture condition partially disappeared when participants
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performed the gestures during teaching; that is, the ‘do’ teaching group. The attenuation
of this interference effect in the ‘do’ teaching group was evident in the forward transla-
tion task but not in the backward translation task. We might ask about the cognitive
mechanism responsible for minimizing the negative impact of gestures meaning mis-
match in the ‘do’ teaching group. The benefit associated with the production of gestures
while learning has been reported in previous studies. To illustrate, Cook and Goldin-
Meadow (2006) found advantages in solving problems associated with self-performed
gestures in children. They argued that the facilitative role attributed to acting while learn-
ing would be due to the reduction of working memory load. Thus, in the current study,
the performance of gestures during teaching would reduce cognitive effort in working
memory which would attenuate the conflict produced by the mismatch between the
meaning and the motor trace of the gestures and the words in the incongruent and mean-
ingless condition. In fact, it has been broadly confirmed that conflict resolution capacity
strongly depends on the availability of resources in working memory (e.g. in bilingual
population; Morales et al., 2013).

Moreover, in the ‘do’ teaching group, the attenuation of the interference effects was
more evident in the forward translation task (L1-FL translation) than in the backward
translation task (FL-L1) (see Figure 1). To illustrate, interference effects were found in
the meaningless condition compared to the no gesture condition when participants per-
formed the backward translation task; however, in forward translation, the percentage of
recall was similar in the incongruent gesture condition (55.21%), the meaningless ges-
ture condition (56.04%), and the no-gesture condition (52.92%). The main difference
between forward and backward translation is the task difficulty. As we noted in Section
I, the forward translation compared to the backward translation involves more semantic
processing which increases the cognitive load of the task especially in early stages of
foreign language learning (e.g. Kroll & Stewart, 1994). Similarly, in the no gesture con-
dition of our study, the recall of FL words was lower and the response latencies higher in
the L1-FL translation than in FL-L1 translation; thus, confirming the greater difficulty
associated with forward vs. backward translation even when no gestures were used in
teaching FL words.

Therefore, the effect of gestures on learning and retrieval of information seems to
depend on task difficulty. For example, Marstaller and Burianova (2013) observed that a
letter memorization task was more difficult to perform and the recall was lower in par-
ticipants with low vs. high working memory amplitude. Importantly, the use of gestures
facilitated the recall of letters compared to a condition without gestures only in those
participants in which the task was more difficult (participants with low working memory
amplitude). In our study, the performance of gestures during learning reduced the inter-
ference associated with the processing of incongruent and meaningless gestures to a
greater extent when the task demands were high (forward translation task). Thus, the
facilitative effect of performing gestures during learning seems to be more evident when
the retrieval task involves high cognitive effort.

At this point, we might ask why the interaction between the translation direction and
the teaching condition found in the ‘do’ teaching group (i.e. an attenuation of the interfer-
ence when participants recalled FL words in the forward translation but not in the back-
ward translation) was not observed in the ‘see’ teaching group (we thank an anonymous
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reviewer for pointing out this issue). Thus, in the ‘see’ group of participants, the recall of
FL words was not modulated by the translation direction nor did this variable interact
with the teaching condition. In fact, it could be argued that the ‘see’ teaching group
would exhibit an advantage in the translation task because they did not show the usual
greater difficulty in the forward vs. backward translation (e.g. Kroll & Stewart, 1994).
We acknowledge that we do not have a conclusive explanation for this question. However,
it is possible that due to the way of presenting the verbal material in our study (the
Spanish word and its translation in Vimmi (L1-FL word pairs), the participants would
have used mainly a lexical coding strategy regardless of the translation direction (L2-L1
association learning, Comesaifia et al., 2009; Lotto & De Groot, 1998). On the contrary,
the performance of gestures in the ‘do’ teaching group would favor the semantic process-
ing of the material (e.g. Denis et al., 1991; Macedonia & Mueller, 2016). This increased
semantic processing in the ‘do’ group would be more evident in the forward vs. back-
ward translation task (i.e. the translation direction effect) since the L1-FL translation
involves the retrieval of conceptual information to a greater extent than the FL-L1 trans-
lation (e.g. Kroll & Stewart, 1994, Kroll & Tokowicz, 2001). Nevertheless, we acknowl-
edge that this explanation must be taken with caution.

On the other hand, the pattern of results found in the ‘do’ teaching group of the current
study might be compared with those reported by Garcia-Gamez and Macizo (2019,
Experiment 2) since the same procedure, experimental design, and learning material (i.e.
verbs) were used in both works. In general, the main effects and interactions between
variables were observed in both studies. However, some differences were noted in the set
of outcomes. To be more specific, in Garcia-Gamez and Macizo, the comparison between
the congruent and no gesture conditions in the backward translation direction revealed an
advantage associated with the performance of congruent gestures. This effect appeared
in the latency and accuracy analysis. However, in the present study, the ‘do’ teaching
group did not show differences between the congruent and the no gesture condition in the
backward translation direction. Although tentative, one possible explanation for these
differences may be due to variations in the overall rate of FL learning across studies.
Specifically, the participants in the study by Garcia-Gamez and Macizo revealed worse
performance across the three learning sessions (i.e. slower response times and lower
accuracy) compared to the participants in the current study. Thus, the participants in the
Garcia-Gamez and Macizo study had more room to benefit from performing congruent
gestures during FL learning than the participants of the current experiment.

Future works might explore in deep the relationship between incongruent and mean-
ingless gestures. Although these two conditions differ in terms of semantic content (i.e.
meaningful-meaningless gestures), they seem to show a similar pattern of processing
when they are associated with new words to be learned. Moreover, it would be interest-
ing to plan a long-term evaluation program in order to verify if the recall of FL words is
maintained over time when learners acquired words in the congruent gesture condition.
In addition, it could be evaluated the effect of gestures imitation and gestures observation
strategies on the teaching of nouns since these are the first words learned by children in
language development.

To conclude, the results obtained in our study show the beneficial effects of process-
ing gestures in FL vocabulary acquisition when they are congruent with the words to be
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learned. This positive effect is enhanced when the learners are required to perform the
gestures. However, gestures production has an additional effect on teaching: They seem
to mitigate the adverse effect of processing gestures not related to the meaning of the
words to be learned. Thus, taken together, if one had to choose between different teach-
ing programs (with or without producing different types of gestures), the recommended
alternative would be a training protocol in which participants produce gestures congruent
with the words to be learned.[AQ: 3][AQ: 4]
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Note [AQ: 8]

1. Bonferroni-adjusted pairwise comparisons were applied to the experimental analyses with
participants (p,) and items (p,) as random factors. Regarding the accuracy analyses, the main
effect of teaching condition was significant. Compared to the meaningless gesture condi-
tion, the participants recall was higher in the congruent condition, p, < .001, p, < .001,
and the no gesture condition, p, = .01, p, = .03. The comparison between the meaningless
and incongruent conditions was not significant, p, = 1, p, = 1. Finally, the congruent and
the no gesture conditions showed significant differences by participants, p, = .002, but not
by items, p, = .20. Concerning the significant teaching condition effect in the ‘see’ group,
the congruent gesture condition showed a significant advantage compared to the meaning-
less condition, p, < .001, p, = .04. Compared to the meaningless condition, the no gesture
condition showed significant differences by participants, p, = .02, but not by items, p, =
.20. Neither the comparison between meaningless and incongruent conditions, p, =.16, p, =
.80, nor the one between congruent and no gesture conditions, p, =.25, p, = 1, were signifi-
cant. The Teaching Condition X Translation Direction interaction was significant in the ‘do’
teaching group. Considering the forward translation direction, the percentage of recall was
higher in the congruent condition compared to the meaningless gesture condition, p, < .001,
P, <.001, and the no gesture condition, p, < .001, p, < .001. There were not significant dif-
ferences between the meaningless and no gesture conditions, p, = 1, p, = 1, or between the
meaningless and incongruent conditions, p, = 1, p, = 1. In the backward translation direc-
tion, the congruent gesture condition showed a trend toward a significant advantage com-
pared to the meaningless condition by participants, p = .06, that was significant by items, p
> .001. There were also significant differences between the meaningless and the no gesture
conditions, p, = .03, p, < .001. No significant differences were found between the meaning-
less and the incongruent gesture conditions, p, = .63, p, = .29, or between the congruent
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and no gesture conditions, p, = 1, p, = 1. Finally, the RT analyses showed also a significant
effect of teaching condition. There were significant differences between the meaningless
and the congruent conditions, p, = .005, p, < .001. Neither the comparison between the
meaningless and the no gesture, p, = .22, p, = .051, nor the one between meaningless and
incongruent conditions, p, = 1, p, = 1, were significant. The difference between the congru-
ent and the no gesture conditions was not significant in the analyses by participants, p, = 1,
but it was in the analyses by items, p, = .03. Taken together, the general pattern of facilita-
tion and interference effects associated with the use of congruent and meaningless gestures
are maintained compared to the ANOVA results reported in Section II1.
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