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Preface

| always wanted to be a doctor, but not the kind of doctor that I'm trying to be
now. Studying medicine was my dream and my objective when | was 18. But things are
not as we desire and the destiny had another option ready for me. At the beginning it
was not easy to assume, but after that, | realize that everything happens for a reason.
When a door is closed, we always can find an opened window. What it really motivates
me was helping people and discovering the Speech Therapist degree was a real gift. At
some point | started to perceive that there were many aspects to improve and | fixed a
new objective, being a Speech Therapy teacher. Seeing the shortcomings of the
teaching system, | thought | could do something to improve it. Until know, | did not

reach my goal, but I’'m on my way and I’m going to continue fighting for it.

| can only add my little grain of sand, and this is for now my chance to help
people. I'm proud of this work; this is not a purely theoretical research. Based on
different theoretical models we have proposed different learning methods able to
facilitate the second language acquisition in first language speaking contexts. Today,
this is an important research topic because many people, not only children but also
adults, have to face with language learning. Although this research is rooted in
theoretical bases of linguistic processing in monolingual and bilingual population, it is
also easily applicable in the second language teaching context. | hope this research

serves to make people's lives easier.

“If you can’t fly then run, if you can’t run then walk,
if you can’t walk then crawl, but whatever you do

you have to keep moving forward”

Dr. Martin Luther King Jr
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-PART 1-

INTRODUCTION
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CHAPTER]

Second Language

Acquisition

INTRODUCTION

The word is continuously changing in any aspect that we can imagining, for this
reason, the rule for all the species is “to adapt to survive”. Humans are not the
exception, as animals have to modulate their behaviour or their appearance to adapt
themselves to the surrounding environment, we have to change too. Regarding the
issue that concern us today is not so serious; our life is not in danger. But, is it not
absolutely necessary to speak different languages in the multicultural societies we are

involved nowadays?

Bilingualism was born as a consequence of this multicultural immersion. But,
what does it exactly mean? At first sight the concept seems to be easy to understand.
Have you ever try to define it properly? If you try to create or even to find a definition,
you will realize how difficult to describe it is. Not only the individual have to be
considered, other global factors that affect the bilingual condition should be taken into
account. Different disciplines as psychology, neurology, bilingual education or
linguistics describe it focusing on the factors which are more relevant in their fields
and do not get to an agreement about a general definition (Beardsmore, 1986). In
1961, Webster’s dictionary defines bilingualism as “the constant use of two
languages”. Bloomfield (1933) considers that being bilingual is “the native-like control
of two languages”, including only “perfect bilinguals”. In 1967, Macnamara considered
bilingualism as a global concept including four competences, listening comprehension,
speaking, reading and writing. He considered that anyone able to minimally control at

least one of this linguistic skills could be considered as a bilingual. The definition

23



proposed by the Weber’'s dictionary could seem too over-generic while other
explanations are only based on individual skills. Extremes are not usually the best
choices, and obviously, lots of definitions between these two points of view were
proposed. For instance, Titone (1972) defines bilingualism as the individual’s ability to
speak a second language (L2) while following the concepts and structures of that
language without remembering their first language (L1). In 1985, Grosjean proposed
that a bilingual is much more than the sum of two monolinguals. A bilingual develops
specific skills based on his/her language behaviour. Finally, with the aim of adopting a
more global concept of bilingualism, Hamers and Blanc (1983) include the distinction
between bilingualism and bilinguality. They assume that “bilingualism” is the situation
of a linguistic community in which two languages are in contact and both codes can be
used in a same interaction. The concept of “bilinguality” considers the psychological
state of a speaker. This state allows the individual to use different linguistic codes as

mean of communication.

All these definitions conceive the bilingual skills as crucial factors but, how can
we measure them? When can | consider myself as a bilingual? There is a lack of
precision; we never know where the limit is. In general, literature about L2 acquisition
assumes different steps across L2 development. Novel L2 learners are usually
mentioned as “novel bilinguals” whilst participants with a medium L2 level are referred
to as “relatively fluent bilinguals” and the terms “expert, fluent or highly proficient

bilinguals” are generally used.

Although there is not a consensus about a single definition of bilingualism and
their limits seem to be blurred, bilingualism is a real fact in our daily lives. It's very
common and much more the rule than the exception in most places. It is estimated
that around two-thirds of the people in the world are bilinguals (Crystal, 2003). In
European countries, most of the children are able to speak at least two languages and
two thirds of working-age Europeans between 25 and 64 years old know a foreign
language (FL) (Statista Portal, 2017). However, following the information of the
Internet World Stats (2017), in Spain the scenery is not so good. Only 51% of
population between 25 and 64 years old claims to know another language apart from

Spanish and only 19% of them are really fluent. In addition, Spain is among the seven
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European countries with worse English level (Statista Portal, 2017). This issue is a real
problem, English is the official international language and this fact could affect the
Spanish society in many aspects. For this reason, Spain and other countries in a similar
situation have to face and solve this linguistic impasse as soon as possible over the

next few years.

Linguistic immersion seems to be the best choice to learn a language (Linck,
Kroll, & Sunderman, 2009; Segalowitz & Hulstijn, 2005). In different studies,
participants included in linguistic immersion programs has proven to obtain better
learning results relative to students in regular L2 learning programs. These results have
been obtained in different types of immersion (early, late, delayed, total and partial)
and for students with different kinds of educational necessities (Genesee, 2014;
Lambert & Tucker, 1972; Swain & Lapkin, 1982). Unfortunately, it is not always
possible to learn a language abroad. For this reason, a critical issue in L2 vocabulary
learning investigation is the search of strategies able to make the L2 learning process

easier in L1 contexts not only at school for children but also for adults.

Our objective with this work is to present strategies able to enhance the L2
learning process. If the reader wants to be able to really understand the reasons why
different strategies help or hinder the acquisition process, it is necessary to know the
cognitive architecture underlying the development of fluency in L2. To achieve this
goal, in the next section we provide theoretical and experimental background about
the topic. Two lines of strategies will be explored in this thesis. On the one hand, the
role of gestures in L2 vocabulary acquisition. The use of gestures seems to be a good
way to enhance vocabulary acquisition because movements promote the formation of
a mental image of the word meaning (Goldin-Meadow & Alibali, 2013; Hostetter &
Alibali, 2008; see McCafferty & Stam, 2008, for a review). On the other hand, learning
results of semantic and lexical based instructions will be compared. Semantic training
methods based on the presentation of L2 words coupled with pictures denoting their
meanings (picture-word association method) seem to enhance the learning process
relative to lexical strategies where L1 and L2 words are presented together as learning
tool (word-word association method) (Comesafia, Perea, Pifieiro, & Fraga, 2009; Lotto

& De Groot, 1998; Poarch, Van Hell, & Kroll, 2014; Tonzar, Lotto, & Job, 2009).
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In the next subsections, different theoretical and experimental approaches
about the role of gestures, semantic methodologies and lexical programs in L2 words
learning are discussed. The reader is completely free of continue reading this work as
he/she desires but I’'m going to explain how | would do it. Firstly, the two lines of
research previously mentioned follow a common path in order to draw up a
theoretical framework on L2 acquisition and processing. After that, we need to split
them for a deeper individual analysis. Theoretical information and previous
experimental works will be presented separately before introducing the experimental
series proposed for both research lines. After this long walk, both paths will find a
convergence point in a general discussion and conclusion section. To clarify, this idea is
reflected in Figure 1. | propose the reader to continue with the gestures experimental
part (page 67) once she completes the reading of the gestures as L2 learning tool
section (page 34). After that, the reader would continue with the presentation of the
semantic vs. lexical strategies part (page 46) and its corresponding experimental

section (page 135) before dealing with the general discussion and conclusions.

We hope you enjoy reading.

Gestures as L2 learning tool

Introduction
Experimental section
Discussion

General discussion

Generalintroduction

Startline
Final conclusion

Introduction
Experimental section
Discussion

How to learn words in a foreign language

Semanticand lexical strategies

Figure 1. General overview of the thesis.
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L2 PROCESSING IN NOVEL AND EXPERTS
BILINGUALS

The most efficient way of producing a word in L2 is to retrieve the word in that
language from the concept the speaker wants to produce. Therefore, fluent bilinguals
are characterized by strong connections between semantic representations and L2
lexical information (Kroll & Stewart, 1994). When bilinguals want to communicate in
L2, they access the L2 words directly from their concepts. The retrieval of the
translations in the L1 would be an unnecessary step that might add noise to the
communication process (Poarch et al., 2014). These ideas were embodied in one of the
most influential models of L2 acquisition, the Revised Hierarchical Model (RHM) (Kroll

& Stewart, 1994).

The Revised Hierarchical Model

The RHM combines asumptions from two different word-to-concept mapping
models (Poarch et al., 2014), the word association model and the concepts mediation
model (Potter, So, Von Eckhardt, & Feldman, 1984). The RHM was initially developed
to explain L2 processing in novel bilinguals who initiated their L2 exposure after early
childhood. In the model, the L1 and L2 lexicons are two separate systems which are
interconnected. The last node corresponds to the semantic system (SS), the space
where the conceptual information is stored (see Figure 2). Moreover, the L1 and L2
lexical systems are connected to the SS. In the RHM, all connections are flexible and
their strength is modulated depending on the level of proficiency in L2 (De Groot &
Poot, 1997). In novel bilinguals, the links between the SS and the L2 words are weak
and L2 learners preferentially use a lexical route of processing from L2 to L1 when they
need to access the conceptual information. As proficiency increases, the links between
L2 words and the SS become stronger while the reliance on the lexical route decreases
(see Kroll, Van Hell, Tokowicz, & Green, 2010, for a review). Hence, in fluent bilinguals,
the L1 and the L2 lexicons are more symmetrically connected to the SS relative to

novel learners.
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a) Novel learners b) Expert bilinguals

L1 — |12 L1 L2

SS SS

Figure 2. Revised Hierarchical Model. Representation of the first (L1) and the second language (L2)
lexicons and their connections to the semantic system (SS). Cognitive architecture of (a) novel bilinguals,
(b) expert bilinguals.

The RHM has been widely supported by previous research (see Kroll, Dussias,
Bice, & Perrotti, 2015, for a review). Strong evidence in favor of increased semantic
processing in fluent bilinguals relative to L2 learners comes from studies in which the
translation recognition task is used (Talamas, Kroll, & Dufour, 1999). In this task,
participants receive a word in one language followed by a word in another language
and they have to indicate whether this last word is the translation of the former.
Talamas and colleagues found that English (L1) speakers who were learners of Spanish
(L2) took more time to reject L2-L1 words as correct translation when these words
were similar in form (e.g., man-hambre; hambre means hungry and hombre means
man in Spanish). In contrast, fluent bilinguals suffered more interference when the
word pairs were incorrect translations but were semantically related (e.g., man-mujer;
mujer means woman in Spanish). These results suggest that novel learners seem to use
the lexical route of processing while fluent bilinguals seem to rely more on semantic

information when the L2 word is presented.

Translation tasks can also support the RHM assumptions. In this task, L1 or L2
words are presented for translation (forward and backward translation, respectively).
The RHM argues that the forward translation direction (L1-L2) is more likely to occur
via semantic information while the backward translation (L2-L1) would preferably

occur via between language lexical connections (Kroll et al., 2010). In 1995, Sholl,
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Sankaranayanan and Kroll, implemented a transfer paradigm experiment between
picture naming and translation. After naming pictures (a task that has been proved to
require semantic processing), participants performed a forward and backward
translation task. Some of the words presented for translation were previously
practiced in the naming task. The results showed that when participants translated
from L1 to L2, their performance was affected by the items that were presented in the
naming task while the transference was absent in the L2-L1 translation direction. In the
forward translation direction, participants need more time to respond because the L1
word does not immediately activate the L2 translation, but would cause the activation
of the semantic representation of such word. This access to the semantic information
slows down the forward translation process. On the contrary, the backward translation
direction activates the direct lexical route between languages, resulting in faster

performance relative to the forward translation.

Moreover, supporting the RHM, in a picture naming task, L1 naming is faster
than L2 naming in novel and experts bilinguals. As mentioned above, the underlying
assumption is that the processing of a picture requires access to its meaning. The
response time difference between languages in the naming task is larger in low
proficient speakers (Kroll, Michael, Tokowicz, & Dufour, 2002). In novel learners the L2
naming task is usually mediated via the L1 word and hence, the access to the L1 lexical
information before accessing the SS slows down the naming process (see Kroll et al.,
2010 about the asymmetrical connections between L2 and SS for word processing and

production).

Challenges to the Revised Hierarchical Model
Although most of research on L2 acquisition can be accommodated within the

RHM, some studies have found mixed results (Dufour & Kroll, 1995; Ferré, Sanchez-

Casas, & Guasch, 2006; Kroll & Tokowicz, 2001, 2005; Sunderman & Kroll, 2006).

Semantic access in low proficient bilinguals. In this context, different studies
have shown that even less proficient bilinguals are sensitive to semantic information.
Empirical evidence demonstrates that L2 word-to-concept links might be available for

L2 learners at an earlier point in their L2 acquisition than previously assumed (Altarriba
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& Mathis, 1997; De Groot & Poot, 1997; Ferré et al., 2006; Frenck-Mestre & Prince,
1997; Potter et al., 1984; Talamas et al., 1999; Sunderman & Kroll, 2006). To illustrate,
Frenck-Mestre and Prince (1997; Experiment 2) examined priming of the dominant and
subordinate meanings of biased homographs (e.g., seal) in a L2 lexical decision task.
The priming effect for the subordinate meaning was only found in proficient bilinguals;
however, less and more proficient bilinguals showed priming effects for the dominant
meaning of the homograph in L2. Thus, L2 learners used a semantic route of

processing (although to a lesser extent than fluent bilinguals).

Studies conducted with the translation recognition task have also found
evidence for the use of a semantic route of processing in early stages of L2 acquisition.
In a study conducted by Talamas and colleagues (1999), there was evidence that less
proficient bilinguals processed L2 words semantically. In particular, L2 learners showed
semantic interference when the L1-L2 word pairs shared high semantic similarity

(while fluent bilinguals showed the effect for both high and low semantic similarity).

Moreover, Sunderman and Kroll (2006) obtained evidence of semantic
processing in L2 learners with the translation recognition task (see also, Altarriba &
Mathis, 1997). In particular, the authors compared two groups of native English (L1)
speakers, one with a greater level of proficiency and the other with less proficiency in
Spanish (L2). The two groups of participants were slower to reject the pairs that were
related in meaning compared with a control condition tested with unrelated word
pairs. Thus, even the less proficient L2 learners appeared to be sensitive to conceptual
information. These results seem to play against the RHM assumptions, however if the
task’s features are analyzed, this fact is easily accommodated within the model by
assuming the existence of asymmetrical connections between L2-SS and SS-L2. It
should be mentioned that novel learners can directly access the semantic system
during comprehension tasks whilst participants with the same level of proficiency are
not able to verbalize concepts in L2 in production tasks (Duyck & Brysbaert, 2004;
Dufour & Kroll, 1995). Whereas the L2-SS links seems to be more sensitive to the initial
steps in L2 acquisition, more effort must be done to strength the SS-L2 links (Kroll et
al., 2010; Schwieter & Sunderman, 2009). Recently, this obstacle has been interpreted

as a consequence of deficient abilities at the lexical selection stage in novel learners.
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Behavioral and neuroimaging studies have shown that the activity of the non-target
lexical candidates have to be reduced in order to carry out production tasks. Proficient
bilinguals are more experts at that and a more symmetric pattern of results for
comprehension and production processes appears at this level (Costa & Santesteban,

2004; Kroll, Bobb, Misra, & Guo, 2008).

Translation directions and semantic sensibility. The RHM posits that the L1-L2
translation direction is more likely to occur via semantic processing than the L2-L1
direction. In fact, the model was initially proposed to explain the asymmetries
between translation directions that are usually present in this type of tasks. However,
evidence confirms that both translation directions are sensitive to conceptual variables
such as the words concreteness (Van Hell & De Groot, 1998). One more time,
proficiency of individuals in L2 seems to plays a crucial role. These results were
obtained in relatively proficient bilinguals which is not surprising, because, as the RHM
explains, the more proficiency in L2 the more available the L2-SS connections are, and

the lesser differences between translation directions are expected (Kroll et al., 2002).

The more controversial findings about conceptual processing in novel L2
learners is the observation of several effects (number magnitude effect and
concreteness effect) which are due to semantic processing of the material (De Groot &
Poot, 1997; Duyck & Brysbaert, 2008). The type of material used in the experiments
could explain the presence of semantic effects in novice L2 learners. In particular, the
ease with which words are processed would determine whether or not they access the
semantic system. Thus, the translation asymmetry would be observed when words are
difficult to process (abstract vs. concrete words, low vs. high frequency words, non-
cognate vs. cognate words). For example, when abstract non-cognate words are
presented, even proficient bilinguals show an asymmetry between translation
directions (Van Hell & De Groot, 2008). To conclude, even for highly skilled bilinguals,
the type of words determines whether they are processed semantically (Altarriba &
Mathis, 1997; Duyck & Brysbaert, 2008; Kroll & Tokowicz, 2005; Kroll et al., 2010).
Note that the presence of semantic effects in novel L2 learners can be accommodated
within the RHM because, in the model, the conections between the SS and L2 lexicon

are weak but they are present at the beginning of the L2 learning.
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To summarize, previous studies seem to indicate that both the lexical route and
the semantic route of processing are present in L2 learners. However, the weight of
these routes appears to depend on the fluency of bilinguals in L2; individuals in early
stages of L2 learning would primarily use the lexical route whilst processing would be
predominantly semantic in fluent bilinguals. Thus, if we consider the cognitive
processing of fluent bilinguals, it would be desirable to implement L2 learning methods

that favour the establishment of connections between concepts and L2 words.

At this point, you have theoretical information about L2 processing and a rough
idea about the importance of the semantic integration during L2 words learning. Now,
| would like you to guess, what strategy would you follow to learn a new language? We
encourage the reader to continue reading to solve this question and you may find an

answer in next chapter.
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CHAPTER I
L2 Learning Strategies

INTRODUCTION

There are several questions about L2 acquisition that needs to be answered.
What is the best way to learn a new language? Are there strategies able to enhance
this learning process? It seems that immersion programs are good alternatives to learn
a new language (Genesee, 2014) but they are not always available for people
interested in acquiring a new language. Studies on the acquisition of L2 in childhood
and adulthood are, therefore, of particular interest. It would be desirable to
implement learning methods that are theoretically based and supported by scientific

studies to demonstrate their effectiveness in L2 acquisition.

Early methods of L2 vocabulary acquisition used a word association approach
that fostered the establishment of connections between newly acquired L2 words and
their translation equivalents in the L1. For example, in the keyword method (Atkinson
& Raugh, 1975; Raugh & Atkinson, 1975), a L1 word that sounds like some part of a L2
word is used in the learning process (the keyword). Firstly, learners have to associate
the spoken foreign word with the keyword and, afterwards, to associate the keyword
with the L1 translation of the word that has to be learned in L2. Previous research has
proven the efficacy of these methods for early stages of L2 learning due to the
establishment of lexical connections between L1 and L2 (Atkinson, 1975). However,
when fluent bilinguals want to express themselves in L2, the best route of processing
would be the direct access to L2 words from their concepts. The use of between-
languages lexical connections and the retrieval of L1 words would be an unnecessary

step when bilinguals communicate in L2. So, if we know how fluent bilinguals process
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their L2, looking for learning methods able to mimic this pattern of processing could be

a good learning strategy.

Previous research has confirmed that the acquisition of connections between
L2 words and concepts is fostered by the use of training protocols that involve
semantic processing (Barcroft, 2002; Comesaia, Soares, Sanchez-Casas, & Lima, 2012;
De Groot & Poot, 1997; Finkbeiner & Nicol, 2003; Kroll, Michael, & Sankaranarayanan,
1998; Poarch et al., 2014; Wimer & Lambert, 1959). To illustrate, it has been proposed
that gestures are a good L2 learning tool because speech and movements interact and
they produce an integrated representation of the meaning of the word in memory
(Kelly, Ozyiirek, & Maris, 2010; McNeill, 1992, 2005; McNeill, Levy, & Duncan, 2015). In
addition, the presentation of L2 words with pictures denoting their meanings (picture
association method, Finkbeiner & Nicol, 2003) favors the learning process relative to
the learning of L2 words presented with their translations in the L1 (word association
method, Altarriba & Mathis, 1997; Lotto & De Groot, 1998; Van Hell & Candia-Mahn,
1997). Similarly, imagining the meaning of words to be learned in a FL enhances the
acquisition process (Ellis & Beaton, 1993; Wang & Thomas, 1995). In fact, the Dual
Coding Theory (Paivio, 1971) suggests that the formation of mental images during the
learning process might favor the acquisition of new words. According to this theory,
verbal information, visual images and movements are integrated, and this increases
the probability of remembering new words compared to the use of verbal glosses

alone.

GESTURES AS L2 LEARNING TOOL

Gestures have been proposed as a good tool that facilitates the L2 vocabulary
acquisition process (Kelly et al., 2010; McNeill, 1992, 2005; McNeill et al., 2015). In all
spoken languages, speakers accompany their speech with visual-manual
communication (Ozyiirek, 2014). This type of multimodal interaction, called co-speech
gestures, involves spoken language, facial expressions, body movements and,
especially, hands movements. All these visual and auditory aspects act as an integrated
stream of information which improves the communication process (Holle & Gunter,

2007). In fact, Marstaller and Burianova (2014) showed that the right auditory cortex
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and the left posterior superior temporal brain areas seem to reflect the multisensory

integration of spoken language sounds and gestures.

Previous studies have demonstrated the role of iconic gestures in language
comprehension (e.g., speech comprehension and gestures, Straube, Green, Weis, &
Kircher, 2012; see Yang, Andric, & Mathew, 2015, for a review), and production
(Goldin-Meadow & Alibali, 2013, for a review of gestures in speaking). It has been
observed that performing gestures during the learning process facilitates the
acquisition and recall of words in a FL (Macedonia, Miiller, & Friederici, 2011; Quinn-
Allen, 1995; So, Chen-Hui, & Low Wei-Shan, 2012; Tellier, 2008; see Macedonia, 2014;
and Macedonia & Kriegstein, 2012, for reviews). But, is this effect only observed when
L2 learners perform gestures? Previous research indicates that the mere observation
of movements is able to activate motor areas at brain level which are related with
motor actions (Rizzolatti & Craighero, 2004; Stefan et al., 2005). 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. This issue would be addressed in the following

section.

The role of movements on learning

In the educational system, the possible advantages associated to the learning
through actions relative to the observation-based learning have been discussed for
decades (Goldin-Meadow, 1999). The “learning-by-doing” perspective defends the
active participation of the individual in the learning process by performing actions
during educational development. Learning-by-doing can positively affect the formation
of neural networks underlying the acquisition of knowledge and the performance of
many cognitive skills (Goldin-Meadow et al., 2012). This beneficial effect has been
demonstrated in several educational fields such as online courses, language learning,

or technology use (Aleven & Koedinger, 2002; Bessen, 2015).

Moreover, the relevance of movement in language processing has been
confirmed in many studies (Glenberg, Gutiérrez, Levin, Japuntich, & Kaschak, 2004;

Koriat & Pearlman-Avion, 2003). For instance, Glenberg, Sato, and Cattaneo (2008)
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observed that the performance of movements interacts with language comprehension.
In their study, participants were required to move 600 beans (one at a time) from a big
recipient to a narrow container toward or away from their bodies depending on the
recipients’ location. Afterwards, meaningful and meaningless sentences describing
movements were presented to participants and they judged their plausibility. Results
revealed that the time required to judge the sentences depended on the congruency
between the beans’” movement direction and the direction of the acts described in the
sentence (toward or away from the body). Therefore, the performance of actions

determined language comprehension.

In this context, several studies have examined the differences between self-
performed tasks and experimenter-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 relationship 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, Keenan,
Kosslyn, & Pascual-Leone, 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 et al. (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
performance of movements improved the learning compared to the mere exposure to

gestures associated with the mental rotation of objects.

Other empirical studies have confirmed the importance that self-generation of
movements have in the learning of linguistic material. Engelkamp, Zimmer, Mohr, and
Sellen (1994) asked participants to learn sentences 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
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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 interpretation comes from the study
conducted by James and Swain (2011). The authors taught children action words
associated to concrete toys. Some of the children manipulated the objects while
learning 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 perform the toys manipulation themselves.
Thus, the performance of motor actions favor 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 works have found similar pattern of results when participants
produce actions and when they only see actions produced by others (e.g. Rizzolatti &
Craighero, 2004). For example, Stefan and colleagues (2005) observed the involvement
of the motor cortex during the observation of movement (simple repetitive thumb
movements) which produced a specific memory trace in the motor cortex similar to
the pattern of activation that occurs when people perform a motor action. 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 happening 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 condition 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.
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In general, it is widely accepted that movements produce a clear impact in the
learning process. However, before attempting an in-depth analysis of the role of
gestures in L2 learning, a brief summary of the theoretical frameworks concerning the

relationship between gestures and speech is offered.

Theoretical frameworks regarding the relationship between

gestures and speech

There are several frameworks to explain the connections between gestures and
speech. All these frameworks address the nature of representations underlying the
processing of gestures. One way to differentiate between models is to consider the
relevance of visuospatial and linguistic information. Some views suggest that the
representation of gestures is based on visuospatial images (e.g., the sketch model, de
Ruiter 2000; the interface model, Kita & Ozyiirek, 2003; the gestures-as-simulated-
action (GSA) framework, Hostetter & Alibali, 2008). In other models, the emphasis is
placed on the close relationship between the representation of gestures and linguistic
information (e.g., the interface model, Kita & Ozyiirek, 2003; the growth point theory,
McNeill, 1992, 2005). Another way to differentiate between models is by attending to
the way gestures and speech are processed (separate vs. unitary processing). In some
models, it is considered that gestures and speech are processed in two separate
systems (e.g., lexical gesture process model, Krauss, Chen, & Gottesman, 2000) that
interact when communicative intentions are formed (sketch model, de Ruiter, 2000),
or at the conceptualization stage (interface model, Kita & Ozyiirek, 2003) to produce
effective communication. In other models, however, it is assumed that gestures and
speech work together as two parts of the same system (the growth point theory,
McNeill, 1992, 2005; the GSA, Hostetter & Alibali, 2008). The gesture-in-learning-and-
development (GLD) model (Goldin-Meadow, 2000, 2003), for example, considers that
children process gestures and speech independently and they become part of an
integrated system in mature speakers (Butcher & Goldin-Meadow, 2000; Ozcaliskan,

Gentner, & Goldin-Meadow, 2014).

In addition to the specific mechanism by which gestures and speech are
processed, a relevant question concerns the role of gestures in communication. It has

been confirmed that listeners glean information from gestures (Alibali, Flevares, &
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Goldin-Meadow, 1997; Cassell, McNeill, & McCullough, 1999; Goldin-Meadow, 2003;
Goldin-Meadow, Wein, & Chang, 1992; Holler, Shovelton, & Beattie, 2009; Singer &
Goldin-Meadow, 2005; see Hostetter & Alibali, 2008 for a review; Hostetter, 2011, for
a meta-analysis demonstrating the benefits of gestures for communication). In fact,
since gestures usually arise during speech planning, many models defend the
communicative value of gestures (e.g., the sketch model, de Ruiter, 2000; the interface
model, Kita & Ozyiirek, 2003; the growth point theory, McNeill, 1992, 2005; and the
GLD framework, Goldin-Meadow, 2000, 2003).

Here we have sketched the role of gesture in communation. However, in our
research, we are interested in the impact that gestures have on L2 acquisition. This

issue is directy addressed in the next section.

Gestures and L2 learning

The role of different types of gestures in L2 learning has been emphasized in
several studies (e.g., De Grauwe, Willems, Rueschemeyer, Lemhofer, & Schriefers,
2014; Gullberg, 2014; Kelly et al., 2010; Macedonia & Knosche, 2011; Macedonia &
Kriegstein, 2012; Morett, 2014; So et al., 2012; McCafferty & Stam, 2008, for reviews).
In general, it is widely assumed that gestures have a positive effect on vocabulary
acquisition and they should be used in FL instruction and embedded in a natural
approach of language teaching (Asher & Price 1967; Carels, 1981; Krashen & Terrell,
1983; Macedonia, Bergmann, & Roithmayr, 2014; however, see Hirata, Kelly, Huang, &
Manansala, 2014; Kelly, Hirata, Manansala, & Huang, 2014, for evidence about the

limited effect of gestures on learning segmental phonology).

In cognitive psychology, three main perspectives might account for the
facilitative role of iconic gestures in L2 vocabulary learning. The self-involvement
explanation states that gestures might favor the involvement of the participant in the
learning task and therefore, gestures would have a key role in the L2 vocabulary
learning process (Helstrup, 1987) and they could facilitate enhanced attention to
learning material. In particular, the impact of gestures on vocabulary learning is caused
primarily by increased perceptual and attentional processes occurring during

proprioception of movements associated with gestures or when individuals use objects
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to perform the action (Backman, Nilsson, & Chalom, 1986). However, under this view,
the benefits associated with the use of gestures does not come from enactment itself
because the motor component is not crucial (Kormi-Nouri & Nilsson, 2001); rather, it is
the multisensory information conveyed about a word that leads to greater semantic
processing and higher attention level (Knopf, 1992; Knudsen, 2007). Therefore,
according to the self-involvement explanation, the learning of new words with
gestures facilitates vocabulary acquisition regardless of whether a gesture is usually
produced within a language or it denotes the same meaning of the word to be learned.
Attention increases the retention of words (Craik & Tulving, 1975; see Muzzio et al.,
2009, for the role of attention in the encoding and retrieval of information at the
neurobiological level). Thus, individuals using gestures would learn L2 words in an
attentive manner, which would favor the learning process. The motor-trace
perspective suggests that the physical component of gestures is coded in the learning
process, leaving a motor trace in memory that aids the acquisition of new words in L2
(Engelkamp & Zimmer, 1984, 1985). According to this view, the physical enactment is
crucial because it allows the formation of a motor trace associated with the meaning
of the word. There is recent evidence from neuroscientific studies (e.g., repetitive
transcranial magnetic stimulation) supporting the role of the motor cortices in the
understanding of written words (Vukovic, Feurra, Shpektor, Myachykov, & Shtyrov,
2017). Moreover, there is evidence that the use of familiar gestures might engage
procedural memory since they involve well-defined motor programs (Macedonia &
Mueller, 2016). Thus, the involvement of procedural memory along with declarative
memory used for word processing might enhance vocabulary learning. From this
perspective, familiar gestures that have been routinely practiced and are within the
repertoire of the speaker (e.g., the gesture of answering the phone) have strong motor
traces so that they produce more facilitation than less familiar gestures (e.g., the
gesture of moving the finger from the mouth to the ear). Thus, the facilitation effect
would depend on the extent to which an individual is familiar with certain gestures.
However, according to this view, the effect of gestures would operate independently
of their meaning; that is, regardless of the congruency between the gesture and the
word meaning, familiar (well practiced) gestures would facilitate the learning process

relative to less familiar gestures. Finally, the motor-imagery perspective indicates that
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gestures are associated with motor images that form part of a word’s meaning (Denis,
Engelkamp, & Mohr, 1991). To be more specific, performing a gesture when individuals
process a word promotes the creation of a visual image associated with the meaning of
this word, which would enrich the semantic content of the word to be learned. This
image would be a mental representation of the action associated with the word during
encoding (Macedonia & Knodsche, 2011; Macedonia et al.,, 2011). In fact,
neurobiological evidence obtained with functional connectivity analyses suggests the
involvement of the hippocampal system in binding visual and linguistic representations
of words learned with pictures (Takashima, Bakker, Van Hell, Janzen, & McQueen,
2014). Hence, according to this view, the facilitation effect observed with gestures
would be greater for iconic gestures related to the meaning of words to be learned
than when there is a mismatch between the gestures and the meaning of the word. In
addition, the learning of words accompanied by gestures with incongruent meanings
would produce semantic interference and reduced recall (Cook, Yip, & Goldin-

Meadow, 2012; Yap, So, Yap, Tan, & Teoh, 2010).

It is important to note that the three perspectives described above are not
mutually exclusive but instead emphasize different aspects of the effect of gestures in
L2 learning. Hence, a gesture accompanying a word might increase self-involvement
(co-speech gestures as movements that enhance attention to the L2 learning), create a
motor trace (co-speech gestures as meaningful movements) due to the physical
enactment associated with the production of gestures, or a semantic visual image that
could become integrated with the meaning of the word (co-speech gestures as

semantically congruent movements).

Empirical evidence regarding the impact of gestures on L2

learning

The first empirical study concerned with the impact of gestures on L2 learning
was conducted by Quinn-Allen (1995). In this study, English participants had to learn
French expressions under two conditions. In the control condition, the participants
were presented with sentences in French (e.g., Veux-tu quelque chose a boire? Do you
want something to drink?), which they had to repeat in French. In the experimental

condition, the learners received the sentences with an emblematic gesture illustrating
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the meaning (e.g., pointing the thumb towards the open mouth) and they were then
required to reproduce the gesture. The results showed that sentences presented with
gestures were associated with better recall in comparison with control sentences. The
facilitation effect produced by gestures in Quinn-Allen’s (1995) study can be
accommodated within the self-involvement account (Helstrup, 1987). Participants
would be more engaged in the learning process when they received and produced
gestures relative to the control condition without gestures. However, the facilitation
effect could also be explained by the motor-trace account and the motor-imagery
explanation. The gestures used by Quinn-Allen, such as the act of drinking, are
conventional gestures frequently produced in social communication, which could
explain the facilitation effect according to the motor-trace view. In addition, this
gesture is congruent in meaning with the sentence to be learned (do you want
something to drink?) and, hence, a facilitation effect would be expected on the basis of
the motor-imagery account. In short, a disadvantage of comparing only a condition
with gestures with a condition without gestures is that it is not possible to distinguish
whether the benefits observed in the gesture condition come from the use of familiar
gestures, gestures with related meanings, and/or the mere fact of performing
gestures. Additional experimental work has resolved this problem by using paradigms
in which several gesture conditions are compared (Kelly, McDevitt, & Esch, 2009;
Kronke, Mueller, Friederici, & Obrig, 2013; Macedonia et al., 2011; Macedonia &
Kndsche, 2011).

In Macedonia et al.s (2011) study, a group of German speakers were trained in
Vimmi, an artificial language that has the advantage of controlling for several linguistic
variables such as word length, familiarity of L2 words and phonotactic factors (see
Jalbert, Neath, Bireta, & Surprenant, 2011, for a discussion of these variables in
vocabulary learning). The authors compared the learning of concrete nouns presented
with iconic gestures (e.g., the word suitcase appeared with the gesture of an actor
lifting an imaginary suitcase) or meaningless gestures (e.g., the word suitcase and the
gesture of touching one’s own head). The results showed better recall for words
learned with iconic gestures relative to words accompanied by meaningless gestures.
The findings of this study appear to indicate that gestures involve something additional

to the self-involvement of the participant in the task, since participants were exposed
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to gestures in the two experimental conditions. Both the motor-trace and the motor-
imagery accounts could explain the better memory performance in the iconic gesture
condition compared with meaningless gestures. Iconic gestures would favor L2
learning because they are semantically rich and because they are produced more
frequently than meaningless gestures, hence producing strong motor activation. In
fact, the results found in Macedonia et al.’s study favor both explanations. The authors
observed activity in the premotor cortices for words encoded with iconic gestures,
which is compatible with the motor trace account. Moreover, words learned with
meaningless gestures produce activity in a network engaged in cognitive control
suggesting that individuals detected the mismatch between the meaning of the word

and the gesture.

Other studies have made use of additional experimental conditions to
differentiate between explanations based strictly on the motor component of gestures
as opposed to those based on the motor-imagery account. Studies performed in
monolingual contexts have explored congruity effects during communication by
mismatching the information between the semantics of words and the meanings of
the gestures (Barbieri, Buonocore, Dalla Volta, & Gentilucci, 2009; Bernardis &
Gentilucci, 2006; Bernardis, Salillas, & Carameli, 2008; Chieffi, Secchi, & Gentilucci,
2009; Feyereisen, 2006; see Kircher al., 2009 for congruity effects in the context of an
unknown language). To illustrate, Kelly, Creigh, and Bartolotti (2010; see also, Kelly,
Healey, Ozyiirek & Holler, 2015) conducted an event-related potential study combined
with the use of a Stroop-like paradigm. The participants were presented with words
(e.g., “cut”) and gestures that could be congruent (e.g., the act of cutting) or
incongruent (the act of drinking). The authors found reduced N400 to words
accompanied by congruent gestures relative to incongruent gestures (a semantic
integration effect, Kutas & Hillyard, 1980). In addition, response times were faster in
the congruent condition compared with the incongruent condition. The pattern of
results found in Kelly et al.’s study is similar to what is observed in other Stroop tasks
and seems to indicate that gestures are integrated with the meaning of words,
producing interference when the word meaning does not match the meaning of the
gesture (incongruent condition). In our view, the results of this study strongly agree

with the motor-imagery account of gestures (see also Macedonia et al.,, 2011). No
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differences would be expected according to the self-involvement account since both
conditions, congruent and incongruent, involved gestures. Moreover, in the congruent
and incongruent conditions, familiar gestures were used so they would promote strong
activation of motor trace representations and no differences between the two
conditions would be found. On the contrary, clear differences between the congruent
and incongruent condition would be predicted based on the motor-imagery view since
they would differ in the degree to which the gesture could be integrated with the word

meaning.

Nevertheless, there is a limitation with using the results of Stroop-like studies
to draw the conclusion that gestures integrate with the meaning of words. In the
standard Stroop color-word tasks (see MaclLeod, 1991, for a review) three conditions
are implemented: a congruent condition, an incongruent condition, and a meaningless
condition. The usual finding is a facilitation effect when the congruent condition is
compared to the meaningless condition and an interference effect when the
incongruent condition is compared to the meaningless condition. However, in some of
the studies (cited above) regarding the impact of gestures on L2 learning, the
meaningless condition is omitted so it is not possible to determine the amount of
facilitation and interference that results from the direct comparison of the congruent

and incongruent gesture conditions.

Taken together, the results of previous studies appear to confirm the influence
of gestures on L2 vocabulary learning. However, in spite of the merits of previous work
in the field, a detailed comparison across several conditions is needed to distinguish
the various theoretical explanations. In particular, the acquisition of L2 words should
be compared between conditions with and without gestures in order to evaluate the
self-involvement account. Furthermore, a condition with familiar gestures (e.g., iconic
gestures) might be compared to a condition with unfamiliar gestures in order to
evaluate whether the motor-trace of gestures modulates vocabulary learning. Finally,
congruent and incongruent conditions need to be compared with a meaningless
condition to fully determine the motor-imagery account of gestures in L2 vocabulary
acquisition. We acknowledge that some of these comparisons have been made in

separate studies. For example, previous work has explored the comparison between
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congruent and incongruent gestures (e.g., Kelly et al., 2010), as well as the use of a
gestural control condition (Cook et al., 2012; Wagner, Nusbaum, & Goldin-Meadow,
2004). However, if we assume that several explanations might work together to
explain how gestures interact with L2 vocabulary acquisition, it would be desirable to
evaluate in the same study the role of congruent, incongruent, meaningless, and no-

gesture conditions.

Moreover, if we consider the overall pattern of results found in previous
research, almost all studies have revealed a positive effect of gestures on L2
vocabulary learning. However, this observation contrasts with previous work showing
that dual task conditions, in which individuals have to perform two tasks
simultaneously, can hinder language learning (e.g., learning at the same time the
meaning and form of aural input, see Van Patten, 1990; Wong, 2001). A L2 learning
condition in which individuals have to process words and gestures concurrently is a
dual task that might negatively influence the learning process. However, in some
previous studies concerning the role of gestures in L2 vocabulary acquisition, this
possible negative effect has not been captured. In fact, previous studies show
beneficial effects of gesturing during the L1 and L2 language processing (Holle &
Gunter, 2007; Marstaller & Burianova, 2014; Ozyiirek, 2014). For example, Quinn-Allen
(1995) observed better retrieval of L2 expressions when these were learned with
semantically related gestures relative to learning without gestures. In our opinion, the
possible negative effect of a dual task condition (the concurrent processing of a L2
sentence and a gesture) might not be observed in this study since it overlapped with a
positive effect of congruency between the sentence and the gesture meaning.
Therefore, a direct comparison between a no gesture condition and a meaningless
gesture condition is required in order to determine the possible negative effect of

gestures in L2 vocabulary learning.

Another important question concerns the type of words used as learning
material in previous studies. To assess the effect of gestures on vocabulary learning,
most of the studies have employed verbs as training material (De Grauwe et al., 2014;
Kelly et al., 2009; Kircher et al., 2009). The use of verbs seems to be the best option if

we consider that representational gestures depict actions. There is a more direct
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mapping between gestures and the semantic characteristics of verbs, in comparison
with other types of words such as nouns (Childers & Tomasello, 2002; De Grauwe et
al., 2014; Kelly et al., 2009; Kircher et al., 2009). However, apart from gestures, it has
been confirmed that nouns are easier to learn than verbs, at least for children.
Different studies have shown that children are able to learn English nouns easier than
verbs in their natural context (Fernald & Morikawa, 1993; Goldfield, 1993; Tardif,
Shatz, & Naigles, 1997). It is probably due to the fact that English speakers place
special emphasis on nouns when they interact with children while acquiring their L1.
However, this advantage is not present in other cultures (see Gentner & Boroditsky,
2001; Gopnik & Choi, 1995; Tardif et al., 1997 for the absence of this advantage in
Korean and Mandarin languages). Concerning the role of gestures during the learning
of nouns and verbs, the GSA framework makes concrete predictions about what types
of words could be more influenced by gestures. This theory states that gestures occur
as a result of simulated action and perception, which are the basis of mental imagery
and language production (Hostetter & Alibali, 2008). Even if thinking about the size or
shape of a particular object (nouns) involves simulating movements, the relationship
between verbs and movements is stronger. Gestures would therefore have a greater

influence on verb learning than on noun learning.

SEMANTIC VS. LEXICAL LEARNING STRATEGIES

As a house construction must be started at the foundation, this research line
begins addressing the role of semantic and lexical learning methods in single L2 words
acquisition. However, we know that knowking a language is much more than acquiring
isolated words, we cannot reduce our linguistic interchanges to single words. For this
reason, we decided to evaluate the role of both learning strategies in sentences
processing. Finally, we wanted to go one step ahead and look for the neural correlates
of these two training methods with electrophysiological evidence (event related

potentials, ERPs).

L2 single words learning

The ways in which we learn determines the cognitive architecture in which

lexical and semantic information is represented. There is previous work addressing the
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efficiency of semantic and lexical learning strategies to acquire foreign-language
vocabulary, the majority of which have been conducted with children (Comesafia, et
al., 2012; Poarch, et al., 2014). In different studies, the semantic and lexical methods of
foreign-language vocabulary acquisition have been implemented with the use of
pictures and words, respectively. The underlying assumption is that the processing of a
picture requires access to its meaning, and thus the learning of new words in L2
accompanied by pictures denoting their meaning would strengthen the connections
between the concepts and the L2 lexical system. Tonzar et al. (2009) examined this
issue with Italian (L1) children from 4th to 8th grades. The children learned words in FL
(English and German) with two training protocols: a word learning method in which
the L2 words and L1 word were presented, and a picture learning method consisting of
the L2 word and a picture of an object to which the L1 word referred. The authors
observed superiority of the picture-mediated learning over the word-mediated
learning method. They concluded that the efficiency of the picture-based method in
the acquisition of L2 words might be due to the fact that this training allowed a direct
connection between the L2 lexical representation and the corresponding concept.
Comesafia et al. (2009, Experiment 2), found direct evidence for this conclusion by
examining the semantic interference effect in a translation recognition task. Two
groups of Spanish (L1) children learned Basque (L2) words with a word-based method
(L1-L2 words were presented) or a picture-based method (L2-picture pairs were used).
At testing, the children who learned the L2 words with pictures showed a semantic
interference effect and so were slower and they made more errors to semantically
related L2-L1 pairs (e.g., aulkia, the word chair in Basque, paired with mesa, table in
Spanish) relative to unrelated pairs of L2-L1 words. This semantic interference effect
suggested that the connection between L2 words and the conceptual system in
children was a function of the way in which the L2 words had been learned. A picture-
mediated L2 learning instruction favored semantic processing in children learning
words in a FL. This conclusion was strongly supported in Poarch et al.’s (2014,
Experiment 1) study. The authors evaluated a group of Dutch (L1) children aged 10-11
who were L2 learners of English (L2) in contexts enriched by pictures and

listening/speaking exercises. The children showed a semantic interference effect in the
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translation recognition task, which suggests that they were able to exploit conceptual

information during L2 processing and map L2 words to concepts.

All of the studies reviewed so far have examined the impact of semantic vs.
lexical mediated instruction of L2 in childhood. There are reasons to assume that in
adults, the type of learning (e.g., with pictures vs. words) might influence L2
vocabulary learning in a way that is different to what occurs in children. Children are
individuals still in the process of creating connections between the semantic system
and L1 words, so the semantic/lexical systems are likely to be more sensitive to the use
of material that favors the link between concepts and L2 words. In contrast, concepts-
L1 links are already formed in adults that decide to learn a L2. Thus, adult individuals
might use these concept-L1 connections to access new L2 words (i.e., through a lexical
route from L1 words to L2 words) regardless of the training program used to acquire
foreign-language vocabulary. If fact, Chen and Leung (1989) showed that Chinese (L1)
children were better at retrieving words in English (L2) from pictures (e.g., an L2
picture naming task) while Chinese adults learners of English as L2 performed better
when retrieving L2 words from L1 words (i.e., L1-L2 translation task). Thus, adults
appear to use a lexical route of processing to learn L2 vocabulary, which might reduce

the effect of a picture-mediated L2 learning instruction in adulthood.

There are relatively few studies comparing the impact of semantic vs. lexical
methods on the acquisition of L2 words in adulthood. Of these, some have addressed
the congruency between the learning method and the evaluation task of foreign-
language vocabulary. To illustrate, Chen (1990) asked two groups of Chinese (L1)
college students to learn words in French (L2). One group was presented the L2 word
paired with a picture depicting its meaning (picture-learning group) while the other
received the L2 word with the corresponding L1 translation (word-learning group). At
testing, the word-learning group showed better performance on translation tasks with
words while the picture-learning groups were faster in naming pictures in L2. Similar
picture-learning and word-learning methods were compared by Lotto and De Groot
(1998) who asked adult Dutch (L1) speakers to learn Italian words (L2). After learning
with pictures-L2 words or L1-L2 words, the learners received either the pictures or the

L1 words as cues for the recall of the L2 words. Similar to what was found with children
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(Tonzar et al., 2009), adult learners showed that the picture-based methods lead to
better performance than the word-based methods. Moreover, the results showed
evidence of better recall when the study and test conditions were congruent than in
the case in which they were incongruent. Therefore, these studies indicate that the
performance of adult L2 learners is better when the learning and test conditions match

than when they mismatch.

Finally, evidence about the superiority of semantic vs. lexical L2 learning
methods for establishing connections between concepts and L2 words has been
gathered in studies where the learning results are only measured after the learning
procedure (e.g., translation recognition task, translation task, etc.) (Comesafia et al.,
2009). In previous studies, novel learners who follow a semantic instruction have
shown advantages relative to lexical learners with a pattern of results more similar to
fluent bilinguals (Talamas et al., 1999) in evaluation tasks after training. It suggests that
they were able to exploit conceptual information during L2 processing and map L2

words to concepts.

L2 words processing within sentences

Studies conducted with both monolinguals and bilinguals have shown that
sentence context modulates single word processing. For example, in
electrophysiological studies conducted with monolingual speakers, it is observed that
sentence comprehension depends on the lexical properties of the words in the
sentence (e.g., lexical frequency, word length, etc.). However, the expectation of an
upcoming word within a sentence (cloze probability or semantic constraint) overrides
the influence of these lexical factors when the words are highly predicted by the
sentence context (Khachatryan et al., 2014; Van Petten, Coulson, Rubin, Plante, &

Parks, 1999).

Studies with bilingual individuals have also found that word processing within
sentences may differ from processing words in isolation. Specifically, a large number of
studies have shown that the L1-L2 lexical links are active even in high proficient
bilinguals (Hoshino & Kroll, 2008). This non-selective activation of words across the

bilinguals’ languages depends on several factors (such as the type of words to be
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processed or the fluency of bilinguals in their two languages). It should be mentioned
that the strengthened of L2 words-to-concepts connections does not necessarily
implies skipping over the L1-L2 lexical links between languages. Desirable difficulties,
which are initial disadvantages in new words learning that are later translated into
benefits for learning and memory (Bjork, Dunlosky, & Kornell, 2013), are present in
fluent bilinguals. These problems are caused by the self regulation, that imposes initial
costs but foster the learning process overtime (Valian, 2015). In fact, Bogulski, Bice and
Kroll (2018), demonstrated that bilinguals advantages in new words learning based on
improved regulatory skills in their dominant language. Bilinguals are experts on
regulate their L1 to successfully use their L2 depending on the context. Hence, in
bilinguals the new acquired vocabulary is founded on the regulatory skills when words
are learned via the dominant language. Generally speaking, between-language co-
activation has been found across a wide variety of tasks when individuals process out-
of-context words (e.g., picture naming, lexical decision, and translation tasks)
(Cristoffanini, Kirsner, & Milech, 1986; De Groot & Nas, 1991; Dijkstra, Grainger, & Van
Heuven, 1999; Dijkstra, Van Jaarsveld, & ten Brinke, 1998; Dijkstra & Van Heuven,
2002; Lalor & Kirsner, 2001). Moreover, this non-selective activation reflects the use of
L1-L2 lexical connections. For instance, words that share lexical overlap across
languages (e.g., cognate words such as tren, meaning train in Spanish) relative to
control words without L1-L2 lexical overlap facilitate performance on single word
processing tasks. However, non-selective activation is attenuated when bilinguals
process words in a sentence context (see Van Assche, Duyck, & Hartsuiker, 2016; Lauro
& Schwartz, 2017, for reviews). For instance, Schwartz and Kroll (2006) considered the
processing of cognate words as an index of the use of L2-L1 lexical connections. The
authors observed cross-language facilitation when Spanish (L1) — English (L2) bilinguals
processed cognate words (e.g., the word piano, meaning the same in Spanish and
English) in low semantic constraint sentences (e.g., when we entered the dining hall we
saw the piano...) but not in high semantic constraint sentences (e.g., before playing,
the composer first wiped the key of the piano...). Thus, these studies suggest that the
use of L2-L1 connections is affected by the semantic constraint of sentences because
an effect associated to between-language lexical connections (cognate facilitation) is

observed in low predictability sentences but not in high predictability sentences
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(although see, Van Assche, Drieghe, Duyck, Welvaert, & Hartsuiker, 2011; Libben &
Titone, 2009; Pivneva, Mercier, & Titone, 2014; Titone, Libben, Mercier, Whitford, &
Pivneva, 2011, for cognate facilitation in both low- and high-constraint sentences).
Finally, it has been shown that even in contexts without lexical overlap between
languages (non-cognate words) bilinguals are able to effectively anticipate upcoming

words (Foucart, Martin, Moreno, & Costa, 2014).

ERPs associated to L2 learning

It has been shown that in early stages of L2 acquisition, although behavioral
measures might not reveal differences associates to the learning process, ERPs show
patterns of activity compatible with L2 sensibility (McLaughlin, Osterhout, & Kim,
2004; Tokowicz & MacWhinney, 2005). In this context, an electroencephalography
(EEG) study could shed light on this issue. Electrical activity at the surface of the scalp
can be experimentally measured and time locked to events of interest. The activity is
averaged across similar trials and the resulting waveform can inform about underlying
neural processes. Nowadays, after a vast number of studies implementing ERPs,
different components have been identified and associated to specific brain processes
when participants perform experimental tasks. A growing number of studies use ERPs
measures to study bilingual language processing (Elgort, Perfetti, Rickles, & Stafura,
2015; Hahne, 2001; Ojima, Nakata, & Kakigi, 2005; Wu & Thierry, 2017). In our study,
we pay special attention to different brain components that have previously
demonstrated to be directly related to lexico-semantic processing in novel and experts
bilinguals. Two electrophysiological components have been used to index vocabulary
acquisition in L2, the N400 component and the late positivity component (LPC)
(Midgley, Holcomb, & Grainger, 2009; Yum, Midgley, Holcomb and Grainger, 2014).

The N400 component was observed for the first time by Kutas and Hillyard
(1980) in a sentence reading task in which semantically incorrect words elicited a
larger negativity peaking around 400 ms post-stimulus onset at central-parietal areas.
The N400 component is a negative-going waveform peaking at approximately 350-450
ms after stimulus onset, whose amplitude is sensitive to the processing of lexico-
semantic information (Kutas & Hillyard, 1980). In bilingual studies, it has been shown
that the processing of L2 words elicit smaller N40O than the processing of L1 words.
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Moreover, L2 words also produce larger N400 in high proficiency L2 bilinguals
compared with L2 learners with low proficiency (Midgley et al., 2009). Thus,
modulations of N400 amplitude when individuals process L2 words have been

considered in previous studies as an index of L2 proficiency.

Many behavioral studies have found that word retrieval is easier in backward
translation than in forward translation due to the difficulty associated with semantic
processing in L1-L2 translation (Kroll & Stewart, 1994). In electrophysiological terms,
an easy retrieval of lexical information would be associated with an attenuation of the
N400 component. For instance, word frequency is one of the main indicators of
difficulty in lexical access (e.g., Hudson & Bergman, 1985; Monsell, Doyle, & Haggard,
1989), and this lexical factor produce a N400O attenuation (Rugg, 1990, Van Petten &
Kutas, 1990) with reduced brain-wave negativity during the processing of high vs. low
frequency words. However, electrophysiological studies with the translation task are
very limited and the results are mixed. Christoffels, Ganushchak, and Koester (2013)
observed a greater amplitude of the N400 component when Dutch (L1) - English (L2)
bilinguals translated words in forward vs. backward direction. In contrast, Jost,
Radman, Buetler, and Annoni (2018) did not find differences related to the translation

direction in the N400 time-window.

The LPC component is a late-onset sustained posterior positivity (about 500 ms)
that has been related to reanalysis of information and response monitoring in the field
of language processing (Kolk & Chwilla, 2007). In translation tasks, the LPC shows an
inverse polarity between parietal and frontal regions and this component has been
linked to the reprocessing of information between the input and the output language.
For example, in a translation recognition task, a greater LPC amplitude is observed in
later regions when word pairs are not translations but are semantically related
compared to unrelated word pairs (e.g., Guo, Misra, Tam, & Kroll, 2012). Other authors
have related the LPC observed in translation tasks to the process of establishing
connections between words across languages (Jackson, Swainson, Cunnington, &

Jackson, 2001).

On the other hand, the LPC has been observed when bilinguals perform picture

naming tasks (Martin et al., 2013). For instance, the LPC amplitude is greater when the
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difficulty in the retrieval of the picture names increases (e.g., naming tasks that involve
language switching across trials). In general, studies of lexical processing in bilinguals
seem to show that the more complex the processing of the stimuli (e.g., L2 naming vs.
L1 naming) the greater the mean amplitude of the LPC component (Jackson et al.,
2001; Khateb et al., 2007; Kieffaber, Kruschke, Cho, Walker, & Hetrick, 2013; Moreno,
Federmeier, & Kutas, 2002).
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CHAPTER III

Organization, objectives

and hypothesis

Since long time ago, researchers are looking for methods able to facilitate and
enhance the L2 acquisition process in children and adults. In their classes, teachers
usually implement conservative teaching methods. Teachers have a beautiful and
important job; they have in their hands the responsibility of preparing people to real
life. Hence, they might have a look to teaching strategies based on scientific research

to implement efficient learning methods.

In this doctoral dissertation we present two lines of research in which we
evaluate different strategies for the acquisition of vocabulary in a L2. In this section,
we present the organization of the experimental series, the hypotheses and the
specific goals of each line of research. The objectives associated to both research lines

and to specific experimental studies are highlighted in bold font.

The title of this thesis summarizes the main goal of our experimental work. The
main objective of our research is to study strategies to facilitate the acquisition of L2

vocabulary in adult people who learn a foreign language in L1 speaking contexts.

To accomplish this objective, within the field of bilingualism research, two
research lines were developed. Specifically, the focus of attention was established on
the role of gestures and lexical-semantic methodologies in L2 vocabulary learning. As
general goal for the gestures line, we wanted to evaluate the effect of performing
gestures while learning L2 words. In the case of the lexical-semantic methods, the
principal aim was to compare the learning results of lexically based and semantically

based instructions.
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Role of gestures line

This research line consisted of three experimental studies. In all of them, we
manipulated the relationship between the meaning of gestures and words in order to
observe the impact that different types of gestures have in L2 vocabulary acquisition.
To this end, we compared four experimental conditions on the learning of different
types of words (Experiments 1 to 3). In addition, we compared the learning results of
concrete nouns and action verbs after training with our gesture-word association
method (Experiments 1 and 2). In teaching research, the possible advantages of
learning through actions have been studied for a long time. In Experiment 3, we
propose a direct comparison of the effects of self-performed and observed

movements while learning vocabulary in L2.

Experiments 1 and 2. Learning Nouns and Verbs in a Foreign

Language: The Role of Gestures

Regarding the role of gestures in L2 vocabulary learning, two experiments were
conducted. Until now, experiments addressing this topic have used verbs as learning
material. Verbs are intrinsically associated with movements and have a clear motor
component in their semantic. However, during development, nouns are the first words
that children acquire. This may be the reason why nouns are easier to learn than verbs.
In our experimental work, we compare the results of learning nouns and verbs coupled
with gestures using the same acquisition procedure. In this way, Experiment 1 explores
the effect of gestures on L2 nouns learning and Experiment 2 addresses the same issue

by using verbs.

1. Previous research seems to indicate that gestures facilitate L2 vocabulary
learning. The data suggest that gestures help to create a motor-trace
associated with the meaning of words that involves procedural memory, which
fosters L2 learning (Macedonia & Mueller, 2016). Nevertheless, we cannot
discard other possible explanations, and different accounts might work
together to explain the role of gestures in L2 vocabulary acquisition. Moreover,
it might be possible that gestures could also have a negative impact on the

learning process since individuals learning vocabulary with gestures would be
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2.

involved in a dual task situation (Paivio, 1971). Hence, the first objective was to
examine if the use of gestures while learning enhance or hinder L2 vocabulary

acquisition.

The second goal was to elucidate which one of the three theoretical accounts
regarding the role of gestures in L2 vocabulary learning, the self-involvement
account (Helstrup, 1987), the motor-trace account (Engelkamp & Zimmer,
1984, 1985) or the motor-imagery account (Denis et al., 1991) could better
explain the learning results observed in the study. To this end, participants
learned words in four different conditions (no gesture, congruent, incongruent
and meaningless condition). The use of these conditions made possible the
establishment of specific predictions. If gestures only promote the self-
involvement of the participant in the learning tasks, all conditions with gestures
would favor L2 vocabulary learning relative to the condition without gestures. If
motor-trace of gestures helps participants to acquire new words, familiar
gestures would be associated with better L2 vocabulary learning (congruent
condition and incongruent condition) relative to the learning of L2 words
accompanied by less familiar gestures (meaningless condition). Moreover, the
motor-imagery explanation would suggest that the learning of gestures with
meaning would produce a facilitation effect or an interference effect
depending on the convergence between the meaning of the gesture and the
meaning of the word to be learned in L2. To be more specific, congruent
gestures could facilitate vocabulary learning while incongruent gestures might
impede the acquisition of new words. Alternatively, incongruent gestures might
become distinctive and benefit the encoding and recall of L2 words (Worthen,
2006). Furthermore, the positions described above are not mutually exclusive.
For instance, the acquisition of L2 words coupled with congruent gestures
might involve a balance between the positive effect of promoting the
connection between semantic information and L2 words, and the negative
impact of engaging the participants in a dual task situation.

In two experiments, we compared the learning of L2 nouns (Experiment 1) and

verbs (Experiment 2). These word classes were used because it has been
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suggested that verbs are more difficult to learn than nouns (Childers &
Tomasello, 2002; Gentner, 1981; Gentner & Boroditsky, 2001). In particular, it
has been proposed that compared with nouns, action verbs intrinsically contain
a gestural/motor component in their representation (Boulenger, Hauk, &
Pulvermiller, 2009; Hauk, Johnsrude, & Pulvermiiller, 2004). Hence, differences
between these two types of words might depend on whether they engage
overt body movements (e.g., action verbs). Thus, our third goal was to
determine whether the impact of gestures was greater in the learning of L2

verbs than L2 nouns.

Experiments 3. Seeing or Acting? The Effect of Performing

Gestures on Foreign Language Vocabulary Learning

1.

Based on previous studies about the role of gestures in L2 vocabulary learning,
we expected to find a positive effect from the use of congruent gestures during
the acquisition of L2 words. At the same time, the processing of gestures not
related to the meaning of words would impair L2 learning. This pattern of
results would confirm both the benefit and the cost of using gestures during
vocabulary acquisition in a FL (Feyereisen, 2006; Kelly et al., 2009; Macedonia
et al., 2011). Our objective was to corroborate (replicate) the facilitation and
interference effects observed in previous studies regarding the role of
congruent and incongruent gestures, respectively.

In general, there is agreement about the facilitative role that gestures have in
L2 vocabulary learning (Feyereisen, 2006; Kelly et al., 2009; Macedonia &
Klimesch, 2014). However, there is controversy regarding the role that the
performance of self-generated movement (“do” learning) versus the mere
observation of movement (“see” learning) has in L2 vocabulary acquisition. In
our study, we directly evaluated this point. Although movement performance
appears to improve learning, it is not clear whether a learning protocol
involving self-generated actions would have an additional benefit to the mere
observation of movements. If mere observation of gestures were sufficient to
modulate vocabulary acquisition, the pattern of outcomes would not depend

on the type of training. On the contrary, if active training involving the

58



performance of gestures maximizes learning, the learning rate would be higher
in the “do” training group compared to the “see” learning group. We wanted
to evaluate if self-performed gestures enhance the L2 vocabulary learning

process compared to a gestures observation condition.

Lexical-Semantic methods line

In this research line, three experiments were planned to evaluate the role of
lexical and semantic learning methodologies in L2 acquisition. First of all, we wanted to
show the effects of both training methods on the reinforcement of connections
between L2 words and the semantic system. This is the pattern of processing present
in fluent bilinguals and we wanted to see to what extent semantic and lexical learning
procedures were able to foster it in novel L2 learners. This issue is addressed in
Experiment 4. In Experiment 5, we wanted to go one step ahead. In real life, we do not
produce only words in isolation. Instead, we arrange words from different lexical
categories within sentences to convey complex messages. So, the consequences of
both learning strategies on sentence processing were analyzed. Finally, there are
changes at brain level that occur at the beginning of the learning process that might
not be captured by behavioral measures. In order to compare the processing
differences of participants submitted to lexical and semantic methodologies, we
registered electrophysiological measures corresponding to different task performance
after learning with lexical or semantic instructions. This topic is presented in

Experiment 6.

Experiment 4. Semantic and Lexical Training to Learn Foreign-

Language Words in Adulthood
1. In the this study, our first goal was to explore whether a semantically based
L2 learning relative to a lexically based instruction would foster the creation
of connections between concepts and L2 words. Previous studies have shown
that in learners of a FL, the type of L2 training modulates the establishment of
connections between L1 words, L2 words, and the semantic system (Comesafia
et al.,, 2009). On the one hand, training protocols based on lexical processing

(e.g., word association method) favour lexical connections between L1 and L2
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words. On the other hand, training protocols based on semantic processing
(e.g., picture association method) promote the connections between the words
in L2 and the semantic system. This pattern of processing is present in fluent
bilinguals. If semantic learners really strengthen the semantic connections
between concepts and L2 words, a more robust semantic interference effect is

expected in participants submitted to this learning methodology.

2. It is not clear if adult learners are able to exploit the connections between L2
and the semantic system when they acquire vocabulary in a L2. This pattern of
processing has been observed in children; however, there is evidence that
adults mainly use lexical connections between L1 and L2 when they learn L2.
For this reason, the second objective of this study is to see if adult learners
are able to reinforce the links between L2 and the semantic system as
children when a semantic learning is followed during L2 instruction. If adult L2
learners can use pictures to exploit semantic processing of L2 words, they
would show interference effects in a translation recognition task when they
were subjected to the semantic training protocol relative to the lexical training
protocol. In other words, the picture-based method would foster semantic-L2
connections, as confirmed in children (Comesafia et al., 2009; Poarch et al.,
2014). In contrast, if adult individuals primarily use lexical connections to
acquire L2 words (e.g., Chen & Leung, 1989), no semantic interference effects

would be found irrespective of the method used to acquire new words.

Experiment 5. The Way in which Foreign Words are Learned

Determines Their Use in Isolation and within Sentences
1. The aim of this study was to examine to what extend semantic vs. lexical
learning strategies promote the use of concepts-to-L2 words links or L1-L2
between languages connections, respectively, when participants process L2
words in isolation and in linguistically rich contexts (sentences). As far as we
know, studies comparing semantic vs. lexical learning methods have only been
conducted using out-of-context tasks (Comesafia et al., 2009, 2012; Poarch et

al., 2014). Following the same training methodologies presented in experiment
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2.

4, participants were submitted to semantic or lexical based instructions.
Predictions about the processing of L2 words in sentences were grounded in
studies on the modulatory role of the context in the use of L1-L2 lexical
connections (e.g., Foucart et al., 2014; Schwartz & Kroll, 2006). According to
these studies, fluent bilinguals are able to make use of semantic context to
anticipate upcoming words within sentences (e.g., Foucart et al., 2014). In our
study, we hypothesized that L2 learners undergoing semantic training would
more easily process L2 words in highly predictable sentences than in sentences
of low predictability because highly predictable sentences would maximize the
use of connections already practiced by these learners during training, that is,
the connections between semantic information and L2 words. On the contrary,
the predictability effect would be attenuated in the case of L2 learners
undergoing lexical training because they would preferably use L1-L2

connections already practiced during the training phase.

The second goal was to evaluate the possible effect that the interval between
training and testing can produce in the learning process (e.g., a time delay
between training sessions can produce both costs and benefits in the
acquisition process, Rickard, 2007). To this end, participants trained during two
sessions that were carried out in two consecutive days with the same set of
words. Although the results were evaluated at the end of the second learning
session, we collected response time and accuracy measures while participants

were performing the training task.

Experiment 6. Lexical and Semantic Training to Acquire Words in

a Foreign Language: An Electrophysiological Study

Previous studies indicate that training methods plays a crucial role in L2

acquisition. While semantic strategies as the picture-word method reinforce the
conceptual connections between L2 words and the SS, lexical paradigms as the word-
word association method strengthen the lexical connections between languages. In
addition, previous works posit that sometimes behavioral data are not sensitive

enough to capture initial differences that take place at the beginning of the acquisition
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process (MclLaughlin et al.,, 2004). In this context, ERPs measures are usually
implemented to fill this gap. Thus, in this study, we focused on electrophysiological
signatures of L2 vocabulary acquisition, so brain-waves were registered during the
evaluation tasks. Hence, our principal objective in this study was to compare ERPs
data in learners of a new language submitted to lexical or semantic training
procedures. We hypothesized that if semantic learning strategies are able to foster a
pattern of L2 processing similar to that found in fluent bilinguals, the group of
participants who learned with the picture-word association method would show a
N400 attenuation compared to participants who learned with the word-word
association method (Midgley et al., 2009; Monsell et al., 1989). In addition, we expect
a less extended LPC in semantic learners than in lexical learners because less reanalysis
mechanism would be required if better learning results are observed in this group of
training (Kieffaber et al., 2013; Moreno et al., 2002). These signals could be interpreted
as an electrophysiological correlate of the deeper semantic processing of participants

in the semantic group of training.

In the following section, we will develop the empirical work conducted in the
doctoral thesis. All the experimental series have been published or are in the process
of publication. In our thesis, we adapt these works to have a homogeneous format
throughout the experimental series. However, we have kept the original content of the
articles submitted for publication. For this reason, the introductory section of each
chapter of the experimental section is similar or closely resembles the introduction

section described in previous pages of this doctoral thesis.
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Experimental Section
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CHAPTER IV

The Role of Gestures in
L2 Vocabulary Learning
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Experiments 1 and 2. Learning Nouns and Verbs

in a Foreign Language: The Role of Gestures

The impact of gestures on L2 vocabulary learning was evaluated with nouns
(Experiment 1) and verbs (Experiment 2). Four training methods were compared: the
learning of L2 words with congruent gestures, incongruent gestures, meaningless
gestures, and no gestures. Better vocabulary learning was found in both experiments
when participants learned L2 words with congruent gestures relative to the no gesture
condition. This result indicates that gestures have a positive effect on L2 learning when
there is a match between the word meaning and the gesture. However, the recall of
words in the incongruent and meaningless gesture condition was lower than that of the
no gesture condition. This suggests that gestures might have a negative impact on L2
learning. The facilitation and interference effects we found with the use of gestures in

L2 vocabulary acquisition are discussed.

This study has been published as Garcia-Gamez, A. B., & Macizo, P. (2019). Learning
nouns and verbs in a foreign language: The role of gestures. Applied Psycholinguistics,

40(2), 473-507. doi: 10.1017/50142716418000656
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INTRODUCTION

A critical issue in L2 vocabulary learning research is to find training paradigms
to promote faster and efficient vocabulary acquisition. If we consider what fluent
bilinguals might do to speak in L2, they would need to retrieve the concepts and the
words in that language. The retrieval of the translations in the L1 would be an
unnecessary step that might add noise to the communication process. However,
learners in the early stages of L2 acquisition seem to activate L1 words when they are
processing L2 words. The RHM (Kroll & Stewart, 1994) accounts for the developmental
changes occurring during the early stages of L2 acquisition. In this model, L2 words are
linked to L1 words and concepts. In the early stages of L2 processing, L1 translation
equivalents mediate access to meaning. In contrast, in later stages of L2 development,
direct connections between L2 words and concepts become possible. However,
empirical evidence demonstrates that L2 word-to-concept links might be available for
L2 learners at an earlier point in their L2 acquisition than previously assumed (e.g.,
Sunderman & Kroll, 2006). It is therefore of interest to search for learning protocols
that favor the early establishment of connections between concepts and L2 words.

Previous research has confirmed that the acquisition of connections between
L2 words and concepts is fostered by the use of training protocols that involve
semantic processing (Barcroft, 2002; Comesafia et al., 2012; De Groot & Poot, 1997;
Finkbeiner & Nicol, 2003; Kroll et al., 1998; Poarch et al., 2014; Wimer & Lambert,
1959). To illustrate, the presentation of L2 words with pictures denoting their
meanings (picture association method, Finkbeiner & Nicol, 2003) favors the learning
process relative to the learning of L2 words presented with their translations in the L1
(word association method, Altarriba & Mathis, 1997; Lotto & De Groot, 1998; Van Hell
& Candia-Mahn, 1997). Similarly, imagining the meaning of words to be learned in a FL
enhances the acquisition process (Ellis & Beaton, 1993; Wang & Thomas, 1995). In fact,
Dual Coding Theory (Paivio, 1971) suggests that the formation of mental images during
the learning process might favor the acquisition of new words. According to this
theory, verbal information and visual images are integrated, and this increases the
probability of remembering new words compared to the use of verbal glosses alone. In

this scenario, the use of gestures would be a good way to enhance vocabulary
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acquisition because such gestures promote the formation of a mental image of the
word meaning (Goldin-Meadow & Alibali, 2013; Hostetter & Alibali, 2008; see
McCafferty & Stam, 2008, for a review). In fact, it has been proposed that gestures and
speech interact and they produce an integrated representation of the meaning of the
word (Kelly et al., 2010; McNeill, 1992, 2005; McNeill et al., 2015).

In all spoken languages, speakers accompany their speech with visual-manual
communication (Ozyiirek, 2014). This type of multimodal interaction, called co-speech
gestures, involves spoken language, facial expressions, body movements and,
especially, hands movements. All these visual and auditory aspects act as an integrated
stream of information which improves the communication process (Holle & Gunter,
2007). In fact, Marstaller and Burianova (2014) showed that the right auditory cortex
and the left posterior superior temporal brain areas seem to reflect the multisensory
integration of spoken language sounds and gestures.

Following the gesture taxonomy proposed by McNeill (1992), representational
gestures include iconic gestures used to illustrate what is being said by using the hands
to refer to concrete entities and/or actions, and metaphorical gestures, which convey
an abstract idea by expressing concrete attributes that can be related to it. This
taxonomy considers two additional types of gestures, deictic gestures, which consist of
one or more fingers directed to a reference, and beat gestures, which are hands
movements that reflect the prosody and emphasize the speech. Iconic gestures can be
distinguished from emblematic gestures, which are culturally specific and involve body
movements that deliver a message like a word such as “good” (thumb up, hand in fist).

Previous studies have demonstrated the role of iconic gestures in language
comprehension (e.g., speech comprehension and gestures, Straube et al., 2012; see
Yang et al., 2015, for a review), and production (Goldin-Meadow & Alibali, 2013, for a
review of gestures in speaking). It has been observed that performing gestures during
the learning process facilitates the acquisition and recall of words in a FL (Macedonia
et al,, 2011; Quinn-Allen, 1995; So et al., 2012; Tellier, 2008; see Macedonia, 2014; and
Macedonia & Kriegstein, 2012, for reviews). For instance, Tellier (2008) evaluated the
impact of gestures on the learning of English words in French children. A group of
children were presented with words and pictures denoting their meanings, whilst

another group of children received the words with gestures illustrating the meaning
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(e.g., the gesture representing the word ‘book’ was made by opening and closing
hands, palms facing up). The results showed better recall of words in the gesture
condition relative to the picture condition. Therefore, a learning process based on the
use of gestures might be even more efficient than the picture association method
described above (Finkbeiner & Nicol, 2003). However, before attempting an in-depth
analysis of the role of gestures in L2 learning, we offer a brief summary of the
theoretical frameworks concerning the relationship between gestures and speech.
After this, we present a section on the role of gestures in the learning of L2 describing

three theoretical perspectives that guided the predictions of our study.

Theoretical frameworks regarding the relationship between

gestures and speech

There are several frameworks to explain the connections between gestures and
speech. All these frameworks address the nature of representations underlying the
processing of gestures. One way to differentiate between models is to consider the
relevance of visuospatial and linguistic information. Some views suggest that the
representation of gestures is based on visuospatial images (e.g., the sketch model, de
Ruiter 2000; the interface model, Kita & Ozyiirek, 2003; the gestures-as-simulated-
action (GSA) framework, Hostetter & Alibali, 2008). In other models, the emphasis is
placed on the close relationship between the representation of gestures and linguistic
information (e.g., the interface model, Kita & Ozyiirek, 2003; the growth point theory,
McNeill, 1992, 2005). Another way to differentiate between models is by attending to
the way gestures and speech are processed (separate vs. unitary processing). In some
models, it is considered that gestures and speech are processed in two separate
systems (e.g., lexical gesture process model, Krauss et al., 2000) that interact when
communicative intentions are formed (sketch model, de Ruiter, 2000), or at the
conceptualization stage (interface model, Kita & Ozyiirek, 2003) to produce effective
communication. In other models, however, it is assumed that gestures and speech
work together as two parts of the same system (the growth point theory, McNeill,
1992, 2005; the GSA, Hostetter & Alibali, 2008). The gesture-in-learning-and-
development (GLD) model (Goldin-Meadow, 2000, 2003), for example, considers that

children process gestures and speech independently and they become part of an
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integrated system in mature speakers (Butcher & Goldin-Meadow, 2000; Ozcaliskan et
al., 2014).

In addition to the specific mechanism by which gestures and speech are
processed, a relevant question concerns the role of gestures in communication. It has
been confirmed that listeners glean information from gestures (Alibali et al., 1997;
Cassell et al., 1999; Goldin-Meadow, 2003; Goldin-Meadow et al., 1992; Holler et al.,
2009; Singer & Goldin-Meadow, 2005; see Hostetter & Alibali, 2008 for a review;
Hostetter, 2011, for a meta-analysis demonstrating the benefits of gestures for
communication). In fact, since gestures usually arise during speech planning, many
models defend the communicative value of gestures (e.g., the sketch model, de Ruiter,
2000; the interface model, Kita & Ozyiirek, 2003; the growth point theory, McNeill,
1992, 2005; and the GLD framework, Goldin-Meadow, 2000, 2003). In the next section,

we address the role of gestures in L2 learning.

Gestures and L2 learning

The role of different types of gestures in L2 learning has been emphasized in
several studies (e.g., De Grauwe et al.,, 2014; Gullberg, 2014; Kelly et al., 2010;
Macedonia & Knosche, 2011; Macedonia & Kriegstein, 2012; Morett, 2014; So et al.,
2012; McCafferty & Stam, 2008, for reviews). In general, it is widely assumed that
gestures have a positive effect on vocabulary acquisition and they should be used in FL
instruction and embedded in a natural approach of language teaching (Asher & Price
1967; Carels, 1981; Krashen & Terrell, 1983; Macedonia et al., 2014; however, see
Hirata et al., 2014; Kelly et al., 2014, for evidence about the limited effect of gestures
on learning segmental phonology).

In cognitive psychology, three main perspectives might account for the
facilitative role of iconic gestures in L2 vocabulary learning. The self-involvement
explanation states that gestures might favor the involvement of the participant in the
learning task and therefore, gestures would have a key role in the L2 vocabulary
learning process (Helstrup, 1987) and they could facilitate enhanced attention to
learning material. In particular, the impact of gestures on vocabulary learning is caused
primarily by increased perceptual and attentional processes occurring during
proprioception of movements associated with gestures or when individuals use objects

to perform the action (Backman et al., 1986). However, under this view, the benefits
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associated with the use of gestures does not come from enactment itself because the
motor component is not crucial (Kormi-Nouri & Nilsson, 2001); rather, it is the
multisensory information conveyed about a word that leads to greater semantic
processing and higher attention level (Knopf, 1992; Knudsen, 2007). Therefore,
according to the self-involvement explanation, the learning of new words with
gestures facilitates vocabulary acquisition regardless of whether a gesture is usually
produced within a language or it denotes the same meaning of the word to be learned.
Attention increases the retention of words (Craik & Tulving, 1975; see Muzzio et al.,
2009, for the role of attention in the encoding and retrieval of information at the
neurobiological level). Thus, individuals using gestures would learn L2 words in an
attentive manner, which would favor the learning process.

The motor-trace perspective suggests that the physical component of gestures
is coded in the learning process, leaving a motor trace in memory that aids the
acquisition of new words in L2 (Engelkamp & Zimmer, 1984, 1985). According to this
view, the physical enactment is crucial because it allows the formation of a motor
trace associated with the meaning of the word. There is recent evidence from
neuroscientific studies (e.g., repetitive transcranial magnetic stimulation) supporting
the role of the motor cortices in the understanding of written words (Vukovic et al.,
2017). Moreover, there is evidence that the use of familiar gestures might engage
procedural memory since they involve well-defined motor programs (Macedonia &
Mueller, 2016). Thus, the involvement of procedural memory along with declarative
memory used for word processing might enhance vocabulary learning. From this
perspective, familiar gestures that have been routinely practiced and are within the
repertoire of the speaker (e.g., the gesture of answering the phone) have strong motor
traces so that they produce more facilitation than less familiar gestures (e.g., the
gesture of moving the finger from the mouth to the ear). Thus, the facilitation effect
would depend on the extent to which an individual is familiar with certain gestures.
However, according to this view, the effect of gestures would operate independently
of their meaning; that is, regardless of the congruency between the gesture and the
word meaning, familiar (well practiced) gestures would facilitate the learning process

relative to less familiar gestures.
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Finally, the motor-imagery perspective indicates that gestures are associated
with motor images that form part of a word’s meaning (Denis et al., 1991). To be more
specific, performing a gesture when individuals process a word promotes the creation
of a visual image associated with the meaning of this word, which would enrich the
semantic content of the word to be learned. This image would be a mental
representation of the action associated with the word during encoding (Macedonia &
Knosche, 2011; Macedonia et al., 2011). In fact, neurobiological evidence obtained
with functional connectivity analyses suggests the involvement of the hippocampal
system in binding visual and linguistic representations of words learned with pictures
(Takashima et al., 2014). Hence, according to this view, the facilitation effect observed
with gestures would be greater for iconic gestures related to the meaning of words to
be learned than when there is a mismatch between the gestures and the meaning of
the word. In addition, the learning of words accompanied by gestures with
incongruent meanings would produce semantic interference and reduced recall (Cook
et al., 2012; Yap et al., 2010).

It is important to note that the three perspectives described above are not
mutually exclusive but instead emphasize different aspects of the effect of gestures in
L2 learning. Hence, a gesture accompanying a word might increase self-involvement
(co-speech gestures as movements that enhance attention to the L2 learning), create a
motor trace (co-speech gestures as meaningful movements) due to the physical
enactment associated with the production of gestures, or a semantic visual image that
could become integrated with the meaning of the word (co-speech gestures as

semantically congruent movements).

Empirical evidence regarding the impact of gestures on L2

learning

The first empirical study concerned with the impact of gestures on L2 learning
was conducted by Quinn-Allen (1995). In this study, English participants had to learn
French expressions under two conditions. In the control condition, the participants
were presented with sentences in French (e.g., Veux-tu quelque chose a boire? Do you
want something to drink?), which they had to repeat in French. In the experimental
condition, the learners received the sentences with an emblematic gesture illustrating
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the meaning (e.g., pointing the thumb towards the open mouth) and they were then
required to reproduce the gesture. The results showed that sentences presented with
gestures were associated with better recall in comparison with control sentences.

The facilitation effect produced by gestures in Quinn-Allen’s (1995) study can
be accommodated within the self-involvement account (Helstrup, 1987). Participants
would be more engaged in the learning process when they received and produced
gestures relative to the control condition without gestures. However, the facilitation
effect could also be explained by the motor-trace account and the motor-imagery
explanation. The gestures used by Quinn-Allen, such as the act of drinking, are
conventional gestures frequently produced in social communication, which could
explain the facilitation effect according to the motor-trace view. In addition, this
gesture is congruent in meaning with the sentence to be learned (do you want
something to drink?) and, hence, a facilitation effect would be expected on the basis of
the motor-imagery account. In short, a disadvantage of comparing only a condition
with gestures with a condition without gestures is that it is not possible to distinguish
whether the benefits observed in the gesture condition come from the use of familiar
gestures, gestures with related meanings, and/or the mere fact of performing
gestures. Additional experimental work has resolved this problem by using paradigms
in which several gesture conditions are compared (Kelly et al., 2009; Krénke et al.,
2013; Macedonia et al., 2011; Macedonia & Kndsche, 2011).

In Macedonia et al.’s (2011) study, a group of German speakers were trained in
Vimmi, an artificial language that has the advantage of controlling for several linguistic
variables such as word length, familiarity of L2 words and phonotactic factors (see
Jalbert et al., 2011, for a discussion of these variables in vocabulary learning). The
authors compared the learning of concrete nouns presented with iconic gestures (e.g.,
the word suitcase appeared with the gesture of an actor lifting an imaginary suitcase)
or meaningless gestures (e.g., the word suitcase and the gesture of touching one’s own
head). The results showed better recall for words learned with iconic gestures relative
to words accompanied by meaningless gestures. The findings of this study appear to
indicate that gestures involve something additional to the self-involvement of the
participant in the task, since participants were exposed to gestures in the two

experimental conditions. Both the motor-trace and the motor-imagery accounts could
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explain the better memory performance in the iconic gesture condition compared with
meaningless gestures. lconic gestures would favor L2 learning because they are
semantically rich and because they are produced more frequently than meaningless
gestures, hence producing strong motor activation. In fact, the results found in
Macedonia et al.’s study favor both explanations. The authors observed activity in the
premotor cortices for words encoded with iconic gestures, which is compatible with
the motor trace account. Moreover, words learned with meaningless gestures produce
activity in a network engaged in cognitive control suggesting that individuals detected
the mismatch between the meaning of the word and the gesture.

Other studies have made use of additional experimental conditions to
differentiate between explanations based strictly on the motor component of gestures
as opposed to those based on the motor-imagery account. Studies performed in
monolingual contexts have explored congruity effects during communication by
mismatching the information between the semantics of words and the meanings of
the gestures (Barbieri et al., 2009; Bernardis & Gentilucci, 2006; Bernardis et al., 2008;
Chieffi et al., 2009; Feyereisen, 2006; see Kircher al., 2009 for congruity effects in the
context of an unknown language). To illustrate, Kelly et al. (2010; see also, Kelly et al.,
2015) conducted an event-related potential study combined with the use of a Stroop-
like paradigm. The participants were presented with words (e.g., “cut”) and gestures
that could be congruent (e.g., the act of cutting) or incongruent (the act of drinking).
The authors found reduced N400 to words accompanied by congruent gestures
relative to incongruent gestures (a semantic integration effect, Kutas & Hillyard, 1980).
In addition, response times were faster in the congruent condition compared with the
incongruent condition. The pattern of results found in Kelly et al.’s study is similar to
what is observed in other Stroop tasks and seems to indicate that gestures are
integrated with the meaning of words, producing interference when the word meaning
does not match the meaning of the gesture (incongruent condition). In our view, the
results of this study strongly agree with the motor-imagery account of gestures (see
also Macedonia et al., 2011). No differences would be expected according to the self-
involvement account since both conditions, congruent and incongruent, involved
gestures. Moreover, in the congruent and incongruent conditions, familiar gestures

were used so they would promote strong activation of motor trace representations
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and no differences between the two conditions would be found. On the contrary, clear
differences between the congruent and incongruent condition would be predicted
based on the motor-imagery view since they would differ in the degree to which the
gesture could be integrated with the word meaning.

Nevertheless, there is a limitation with using the results of Stroop-like studies
to draw the conclusion that gestures integrate with the meaning of words. In the
standard Stroop color-word tasks (see MaclLeod, 1991, for a review) three conditions
are implemented: a congruent condition, an incongruent condition, and a meaningless
condition. The usual finding is a facilitation effect when the congruent condition is
compared to the meaningless condition and an interference effect when the
incongruent condition is compared to the meaningless condition. However, in some of
the studies (cited above) regarding the impact of gestures on L2 learning, the
meaningless condition is omitted so it is not possible to determine the amount of
facilitation and interference that results from the direct comparison of the congruent
and incongruent gesture conditions.

Taken together, the results of previous studies appear to confirm the
influence of gestures on L2 vocabulary learning. However, in spite of the merits of
previous work in the field, a detailed comparison across several conditions is needed
to distinguish the various theoretical explanations. In particular, the acquisition of L2
words should be compared between conditions with and without gestures in order to
evaluate the self-involvement account. Furthermore, a condition with familiar gestures
(e.g., iconic gestures) might be compared to a condition with unfamiliar gestures in
order to evaluate whether the motor-trace of gestures modulates vocabulary learning.
Finally, congruent and incongruent conditions need to be compared with a
meaningless condition to fully determine the motor-imagery account of gestures in L2
vocabulary acquisition. We acknowledge that some of these comparisons have been
made in separate studies. For example, previous work has explored the comparison
between congruent and incongruent gestures (e.g., Kelly et al., 2010), as well as the
use of a gestural control condition (Cook et al., 2012; Wagner et al., 2004). However, if
we assume that several explanations might work together to explain how gestures
interact with L2 vocabulary acquisition, it would be desirable to evaluate in the same

study the role of congruent, incongruent, meaningless, and no-gesture conditions.
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Moreover, if we consider the overall pattern of results found in previous
research, almost all studies have revealed a positive effect of gestures on L2
vocabulary learning. However, this observation contrasts with previous work showing
that dual task conditions, in which individuals have to perform two tasks
simultaneously, can hinder language learning (e.g., learning at the same time the
meaning and form of aural input, see Van Patten, 1990; Wong, 2001). A L2 learning
condition in which individuals have to process words and gestures concurrently is a
dual task that might negatively influence the learning process. However, in some
previous studies concerning the role of gestures in L2 vocabulary acquisition, this
possible negative effect has not been captured. In fact, previous studies show
beneficial effects of gesturing during the L1 and L2 language processing (Holle &
Gunter, 2007; Marstaller & Burianova, 2014; Ozyiirek, 2014). For example, Quinn-Allen
(1995) observed better retrieval of L2 expressions when these were learned with
semantically related gestures relative to learning without gestures. In our opinion, the
possible negative effect of a dual task condition (the concurrent processing of a L2
sentence and a gesture) might not be observed in this study since it overlapped with a
positive effect of congruency between the sentence and the gesture meaning.
Therefore, a direct comparison between a no gesture condition and a meaningless
gesture condition is required in order to determine the possible negative effect of
gestures in L2 vocabulary learning.

Another important question concerns the type of words used as learning
material in previous studies. To assess the effect of gestures on vocabulary learning,
most of the studies have employed verbs as training material (De Grauwe et al., 2014;
Kelly et al., 2009; Kircher et al., 2009). The use of verbs seems to be the best option if
we consider that representational gestures depict actions. There is a more direct
mapping between gestures and the semantic characteristics of verbs, in comparison
with other types of words such as nouns (Childers & Tomasello, 2002; De Grauwe et
al., 2014; Kelly et al., 2009; Kircher et al., 2009).

However, apart from gestures, it has been corroborated that nouns are easier
to learn than verbs, at least for children. Different studies have shown that children are
able to learn English nouns easier than verbs in their natural context (Fernald &

Morikawa, 1993; Goldfield, 1993; Tardif et al., 1997). It is probably due to the fact that
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English speakers place special emphasis on nouns when they interact with children
while acquiring their L1. However, this advantage is not present in other cultures (see
Gentner & Boroditsky, 2001; Gopnik & Choi, 1995; Tardif et al., 1997 for the absence of
this advantage in Korean and Mandarin languages). Childers and Tomasello (2002)
conducted a study where children learned 6 novel nouns, 6 novel verbs and 6 novel
actions. Concerning the role of gestures during the learning of nouns and verbs, the
GSA framework makes concrete predictions about what types of words could be more
influenced by gestures. This theory states that gestures occur as a result of simulated
action and perception, which are the basis of mental imagery and language production
(Hostetter & Alibali, 2008). Even if thinking about the size or shape of a particular
object (nouns) involves simulating movements, the relationship between verbs and
movements is stronger. Gestures would therefore have a greater influence on verb
learning than on noun learning. However, to our knowledge, there are no previous
studies in which the role of gestures is examined during the learning of nouns and

verbs. This comparison was performed in the current study.

The current study

Previous research seems to indicate that gestures facilitate L2 vocabulary
learning. The data suggest that gestures help to create a motor-trace associated with
the meaning of words that involves procedural memory, which fosters L2 learning
(Macedonia & Mueller, 2016). Nevertheless, we cannot discard other possible
explanations, and these accounts might work together to explain the role of gestures
in L2 vocabulary acquisition. Moreover, it might be possible that gestures could also
have a negative effect on the learning process since individuals learning vocabulary
with gestures would be involved in a dual task situation. The current study aimed at
evaluating these questions.

In our study, monolingual speakers of Spanish (L1) learned words in an
artificial language (Vimmi, L2) on three consecutive training days. The words to be
learned were presented alone (no gesture condition), coupled with meaningless
gestures or unfamiliar gestures (meaningless gesture condition), or they were
presented with iconic gestures whose meanings were semantically related (congruent

condition) or unrelated (incongruent condition) to the meanings of words.
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In two experiments, we compared the learning of L2 nouns (Experiment 1)
and verbs (Experiment 2). These word classes were used because it has been
suggested that verbs are more difficult to learn than nouns (Childers & Tomasello,
2002; Gentner, 1981; Gentner & Boroditsky, 2001). To be more specific, it has been
proposed that compared with nouns, action verbs intrinsically contain a
gestural/motor component in their representation (Boulenger et al., 2009; Hauk et al.,
2004). Hence, differences between these two types of words might depend on
whether they engage overt body movements (e.g., action verbs). For example, De
Grauwe et al. (2014) found that the comprehension of motor verbs (e.g., to throw) in a
L2 produced activation of motor and somatosensory brain areas. Hence, it might be
possible that the effect of using gestures in L2 vocabulary learning would be greater
with verbs than with nouns.

If we consider the theoretical accounts concerning the role of gestures in L2
vocabulary learning, the self-involvement account (Helstrup, 1987), the motor-trace
account (Engelkamp & Zimmer, 1984, 1985) and the motor-imagery account (Denis et
al.,, 1991), then it is possible to generate specific predictions. If gestures only promote
the self-involvement of the participant in the learning tasks, all conditions with
gestures would favor L2 vocabulary learning relative to the condition without gestures.
If motor-trace of gestures helps participants to acquire new words, familiar gestures
would be associated with better L2 vocabulary learning (congruent condition and
incongruent condition) relative to the learning of L2 words accompanied by less
familiar gestures (meaningless condition). Moreover, the motor-imagery explanation
would suggest that the learning of gestures with meaning would produce a facilitation
effect or an interference effect depending on the convergence between the meaning
of the gesture and the meaning of the word to be learned in L2. More specifically,
congruent gestures could facilitate vocabulary learning while incongruent gestures
impede the acquisition of new words. Alternatively, incongruent gestures might
become distinctive and benefit the encoding and recall of L2 words (Worthen, 2006).
Furthermore, the positions described above are not mutually exclusive. For instance,
the acquisition of L2 words coupled with congruent gestures might involve a balance

between the positive effect of promoting the connection between semantic
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information and L2 words, and the negative impact of engaging the participants in a

dual task situation.

Experiment 1. Learning L2 Nouns

METHOD

Participants
Twenty-five individuals participated in the experiment (21 women and 4 men).
Their mean age was 21.72 years (SD = 3.17). All of them were native Spanish speakers.

Each subject provided written informed consent before performing the experiment.

Design and Materials

Four L2 vocabulary learning conditions were manipulated within-participants:
No gesture condition: Spanish (L1) - Vimmi (L2) word pairs had to be learned without
gestures (e.g., cuchara, spoon in Spanish, and deschoga, a Vimmi word). Meaningless
condition: L1-L2 word pairs to be learned were coupled with unfamiliar gestures (e.g.,
cuchara-deschoga and the gesture of moving the hand from the forehead to the ear).
Congruent condition: L1-L2 word pairs were accompanied with gestures that reflected
the common use of objects whose names had to be learned in L2 (e.g., cuchara-
deschoga and the gesture of holding an invisible spoon and raising it to the mouth).
Incongruent condition: L1-L2 word pairs were coupled with gestures associated with
the use of an object different from that denoted by the L1 word (e.g., cuchara-
deschoga and the gesture of lighting a match) (see Figure 3) (see Appendix 1 for the

complete set of material used in the study).

The congruent and incongruent gestures presented along with the L1-L2 word
pairs were iconic gestures (McNeill, 1992), which have been also called
representational gestures (Kendon, 1981) that usually illustrate a concrete physical
object by using the hands to show the properties or details of the item. For example,
for the meaning of pencil, the gesture would involve holding a pencil with the fingers
and doing handwriting movements. The gestures used in the meaningless condition

were small movements performed with the hand that did not have iconic or
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metaphoric 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). For
the meaningless condition, we selected ten different movements which were the same

for all the participants.

In addition, 40 words were selected in Spanish. These words were concrete
nouns denoting objects that could be manipulated with the hands (e.g., spoon, pen,
etc.). Forty words were also selected from an artificial language, Vimmi (Macedonia et
al., 2011; Macedonia & Knoésche, 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. To create the learning
material, the forty Spanish nouns were randomly paired with the forty Vimmi words
previously selected. The resulting 40 word pairs (L1-Spanish/L2-Vimmi word pairs)
were randomly divided into 4 sets of 10 word pairs. Each set of 10 pairs was associated
to one gesture condition (congruent condition, incongruent condition, meaningless
condition, and no gesture condition). In order to counterbalance the gestures
conditions across word sets, a total of 4 lists of material were created. In this way, a
word pair (e.g., “cuchara-deschoga”) was coupled with a congruent gesture in list 1, an
incongruent gesture in list 2, a meaningless gesture in list 3, and it was presented
without gesture in list 4. Each participant was randomly assigned to one of the four
lists. Hence, across lists, the 40 words were counterbalanced over the four training

conditions, so that all word pairs appeared in all training conditions.
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cuchara-deschoga cuchara-deschoga cuchara-deschoga  cuchara-deschoga

Congruent Incongruent Meaningless No gesture

Figure 3. Conditions used during the study of Spanish (L1) — Vimmi (L2) words (nouns in Experiment 1
and verbs in Experiment 2). In the example, cuchara (spoon in Spanish) — dechoga (a Vimmi word) was
accompanied by (a) the gesture of holding an invisible spoon and raising it to the mouth (congruent
condition); (b) the gesture of lighting a match (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).

We equated the Spanish words across the four sets of word pairs in lexical
variables (Davis & Perea, 2005). There were no differences across word sets in terms of
word length (number of graphemes, F(3, 36) = 1.40, p = .26 (M = 6.57, SD = 1.72),
number of phonemes, F(3, 36) = 1.06, p = .38 (M = 6.27, SD = 1.63), number of
syllables, F(3,36) =1.58, p =.21 (M =2.77, SD = 0.77), lexical frequency, F(3, 36) = 2.67,
p =.06 (M =16.07, SD = 35.74, per one million count), familiarity, F(3, 36) = 1.59, p =
.21 (M = 3.95, SD = 2.85), and concreteness, F(3, 36) = 1.42, p = .25 (M = 4.06, SD =
2.88). Similarly, Vimmi words in the four sets were equated in number of graphemes, F
<1 (M =5.15, SD = 1.61), number of phonemes, F <1 (M = 5.10, SD = 1.53), and
number of syllables, F<1 (M =2.47, SD = 0.78). Finally, we controlled for the similarity
between the Spanish words and Vimmi words across sets of word pairs. The number of
shared phonemes between the Spanish and Vimmi words was the same across the
four sets both when the phoneme position was considered, F(3, 36) = 1.59, p = .21 (M
=0.36, SD = .54), and when it was not, F<1 (M =1.82, SD =0.93).

The gestures used in all gesture conditions involved hand movements. The
congruent and incongruent gesture conditions included iconic gestures that
represented frequent movements that individuals usually perform when they
manipulate objects (e.g., the gesture of playing the flute, the gesture of typing on a
keyboard, etc.). The meaningless gestures involved similar small movements with the
hands but they did not convey any meaning (e.g., to move a closed hand from right to

left in front of the face). These gestures were carefully selected to ensure that they
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were not emblems or gestures with metaphorical meaning. In addition, we wanted to
make sure that the congruent condition, incongruent condition, and meaningless
condition differed in the degree to which the semantic of the word was associated
with the paired gesture. To this end, a set of 15 Spanish participants that did not
participate in the main experiment took part in a pilot study. The participants received
a video with a gesture (without sound) at the top of the screen and a word written in
Spanish at the bottom of the screen, and they were instructed to rate the degree to
which there was a match between the meaning of the word and the gesture, which
ranged from 1 (high mismatch) to 9 (high match). There were differences between the
congruent condition (M = 8.23, SD = 2.34), meaningless condition (M = 3.96, SD =
1.80), and incongruent condition (M = 1.55, SD = 1.52), F(2, 28) = 146.39, p < .001, n° =
.91. The gesture-word pairs were rated higher in the congruent condition compared to
the meaningless condition, F(1, 14) = 94.80, p < .001, nz = .87, and the incongruent
condition, F(1, 14) = 170.64, p < .001, n> = .92. The incongruent condition and the
meaningless condition also differed, F(1, 14) = 43.62, p < .001, r72 = .96. Therefore, the
three conditions with gestures used in the study differed in terms of the association

between the meaning of the word and the gesture.

Procedure

L2 vocabulary learning involved three training sessions conducted on three
consecutive days. In each session, participants performed, firstly, the L2 training and,
afterwards, the assessment of the L2 learning. The two phases were separated by a 15-
min break. E-prime experimental software was used for stimulus presentation and

data acquisition (Schneider, Eschman, & Zuccolotto, 2002).

L2 training. We employed a stimulus presentation procedure grouped by
experimental condition similar to that used in other studies with various gesture
conditions (e.g., Macedonia et al., 2011). 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 learning conditions (no gestures, meaningless gestures,
congruent gestures, and incongruent 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 learning blocks. The word pairs were
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randomly presented within each condition. In addition, the order in which the learning
conditions were presented within a block was counterbalanced. This procedure
blocked by learning condition avoids the cognitive cost associated with the continuous
change between situations in which the participants have to perform gestures and the
learning condition without gestures. In all experimental conditions, on each trial, the
participant received a Spanish-Vimmi (L1-L2) word pair visually presented at the
bottom of the screen. These word pairs were presented alone or they were
accompanied by a gesture (see Figure 3). Gestures were recorded on video by the
experimenter and they were congruent, incongruent, and meaningless, depending on
the learning condition. The duration of each recorded gesture was five seconds and
the gesture was repeated twice. In all learning conditions, participants received verbal
instruction to read aloud each L1-L2 word twice. In the gesture conditions, participants
had to produce the gesture presented on the trial each time they said aloud the L1-L2
word pair. Participants started the production of the gesture when they began the
production of the L1-L2 word pair so that each gesture and L1-L2 word pair was
produced twice. For example, when participants received the word pair cuchara-
deschoga along with the congruent gesture (Figure 3, left-hand panel), they had to say
aloud this word pair at the time they produced the gesture of holding an invisible
spoon and raising it to the mouth. 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.

L2 learning assessment. Two tests were used to evaluate the acquisition of L2
words: Translation from Spanish into Vimmi (forward translation from L1 to L2) and
translation from Vimmi into Spanish (backward translation from L2 to L1). These tasks
have been used in previous studies to evaluate L2 vocabulary acquisition (Kroll & De
Groot, 2005; Poarch et al., 2014). Other L2 learning tasks could have been used,
however, previous studies have found a positive correlation between L2 proficiency
and performance on translation tasks and lexical decision tasks (Prior, MacWhinney, &

Kroll, 2007).

The order in which the translation tests were presented was randomized across

the three training sessions and across participants. In each translation task, the 40
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words to be learned were presented and participants were instructed to translate
them. On each trial, a word was presented in the middle of the screen until the
participant produced its translation. Oral translations were recorded for later analyses
of recall accuracy. Reaction 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.

RESULTS

The main index of L2 vocabulary learning was the percentage of words recalled
in the forward and backward translation tasks; however, RTs were also examined.
Translation accuracy across the three training sessions was 48.73% (48.80% in the
forward translation test and 48.67% in the backward translation test). 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 distribution, 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. The percentage of outliers
was 5.20%. Next, we report the results found in the L2 evaluation tests (forward
translation and backward translation) for RTs and correct recall. In all analyses, we
adopted a significance level of a = 0.05. Only correct responses were included in the
analyses of the RTs. Data points were excluded from the RT analyses if: (a) the
participants produced nonverbal sounds that triggered the voice key, (b) the
participants stuttered or hesitated in producing the word, (b) 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: (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.
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Reaction times

The RTs were subject to analysis of variance (ANOVA) with translation test
(forward translation, backward translation), training session (first session, second
session, third session) and learning condition (no gestures, meaningless gestures,
congruent gestures, incongruent gestures) as within-participants factors. The order in
which participants received the translation tasks (forward-backward translation order
vs. backward-forward translation order) was initially entered in the analyses as a
between-subject factor. However, the main effect of order was not significant and this
variable did not interact with any other factor (all ps > .05); thus, the order of the

translation task was not considered any further.

Table 1 shows the mean RTs across conditions. The main effect of session was
significant, F(2, 10) = 5.45, p = .02, npz =.52. Mean translation latency was 1380 ms (SE
= 95) in the first session, 1277 ms (SE = 84) in the second session, and 1184 ms (SE =
77) in the third session. Linear trend analysis was significant, F(1, 50) = 7.27, p = .04,
r/2= .52, thus there was a practice effect with faster recall of words at the end of the
training relative to the beginning of the learning process. No other main effects or

interactions were significant (all ps > .05).
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Table 1. Reaction Times in the Noun Translation Tasks

First session Second session Third session

L1 to L2 translation

Congruent 1392 (57) 1206 (116) 1317 (100)
Incongruent 1289 (93) 1373 (124) 1146 (124)
Meaningless 1549 (165) 1328 (148) 1345 (89)
No gestures 1704 (184) 1370 (135) 1156 (96)

L2 to L1 translation

Congruent 1458 (111) 1269 (45) 1121 (45)
Incongruent 1597 (153) 1330 (112) 1232 (67)
Meaningless 1567 (167) 1404 (86) 1329 (78)
No gestures 1390 (130) 1319 (56) 1259 (67)

Note. Mean RTs (in milliseconds) obtained in Experiment 1 (learning L2 nouns) as a function of the
translation test (L1 to L2 translation, L2 to L1 translation), the training session (first session, second
session, third session) and the learning condition (congruent gestures, incongruent gestures,
meaningless gestures, no gestures). Standard errors are in brackets.

Recall performance

The Translation test x Session x Learning condition ANOVA revealed a
significant main effect of session, F(2, 48) = 210.17, p < .001, rlpz = .90. The recall
percentage of L2 words was 25% (SE = 3.31) in the first session, 52% (SE = 4.12) in the
second session, and 69% (SE = 3.75) in the third session. Linear trend analysis showed
that the recall of L2 words was higher on the final session relative to the beginning of
training, F(1, 24) = 263.69, p < .001, r)2 =.92. The main effect of learning condition was
significant, F(3, 72) = 11.80, p < .001, r)p2 = .33; and this effect was modulated by the
translation test, so that the Learning Condition x Translation test interaction was
significant, F(3, 72) =3.99, p = .01, r),o2 =.14. No other main effects or interactions were
significant (all ps > .05). When the Translation test x Learning condition interaction was
examined, we found differences due to the translation test in the no gesture condition,
F(1, 24) = 4.74, p = .04, r)p2 = .16. In particular, better recall was observed in the
backward translation (54%, SE = 4.57) relative to the forward translation (49%, SE =

4.05). The differences between the two translation directions were not significant in
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the congruent condition, incongruent condition and meaningless condition (all ps >

.05). Next, we examined recall performance in each translation test.

L1-L2 Translation of Nouns

80 -
70 A T h
60 -
=
§ O Congruent
S O Incongruent
B Meaningless
B No gestures
First Second Third
Learning session
L2-L.1 Translation of Nouns
B3
<
E O Congruent
N O Incongruent
B Meaningless
B No gestures

First Second Third

Learning session

Figure 4. Recall percentages (% Recall) obtained in Experiment 1 during the translation of nouns from L1
to L2 (upper graph) and from L2 to L1 (bottom graph) across training sessions (first, second, third) and
gesture conditions (congruent, incongruent, meaningless, and no gestures). Standard error is plotted in

vertical lines.
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Forward translation (from Spanish-L1 to Vimmi-L2). The results found in the
forward translation test are presented in Figure 4. When session and learning
condition were entered in the ANOVA, the main effect of session was significant, F(2,
48) = 217.65, p < .001, npz = .90. Recall percentage was 24% (SE = 3.32) in the first
session, 53% (SE = 4.02) in the second session, and 70% (SE = 3.47) in the third session.
Linear trend analysis was significant, F(1, 24) = 326.53, p < .001, nz = .93. Thus, L2
vocabulary learning increases as a function of the training. In addition, the main effect
of learning condition was significant, F(3, 72) = 10.09, p < .001, np2 =.30. The Session x
Learning condition interaction was not significant, but there was a trend towards
significance, F(6, 144) = 1.90, p = .08, npz = .07. When learning conditions were
compared (see Table 2), we observed better recall in the congruent gesture condition
(59%, SE = 3.80) relative to the meaningless gesture condition (43%, SE = 3.58). The
recall performance in the incongruent condition (45%, SE = 4.19) was similar to the
meaningless condition and the no gesture condition. However, compared with the no
gesture condition (49%, SE = 4.05), the recall percentage was lower in the meaningless

condition (see Figure 5).
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Table 2. Comparison between Learning Conditions in the Noun and Verb Translation

Tasks
Translation of Nouns Translation of Verbs
L1to L2 L2to L1 L1to L2 L2to L1
t(24) p t(24) p t(24) p t(24) p
Congruent vs. 333 .003° 0.64 .528 6.15 .001° 3.05 .005

No gestures

Congruent vs. 502 .001° 3.87 .001° 594 .001° 554 .001
Meaningless
Congruent vs. 3.77 .001° 353 .001° 855 .001° 6.71 .001°
Incongruent
Incongruent vs. 110 .282 390 .001° 037 .716 2.68 .011

No gestures

Incongruent vs. 0.82 418 0.78 442 041 682 1.16 .256
Meaningless
Meaningless vs. 202 .055 3.68 .001° 0.82 .418 209 .050

No gestures

Note. Comparison of recall percentages across learning conditions obtained in the translation tasks of
Experiment 1 (learning of L2 nouns) and Experiment 2 (learning of L2 verbs). p <.05

Backward translation (from Vimmi-L2 to Spanish-L1). The ANOVA conducted
with session and learning condition as variables revealed a significant main effect of
session, F(2, 48) = 122.55, p < .001, r)p2 = .84. The recall of Spanish words from Vimmi
words was 27% (SE = 3.90) in the first session, 51% (SE = 4.48) in the second session,
and 68% (SE = 4.26) in the third session. Linear trend analysis indicated that recall
performance increased as a function of training, F(1, 24) = 141.98, p < .001, rlZ = .85.
The main effect of learning condition was also significant, F(3, 72) = 10.05, p < .001, npz

= .30. Finally, the Session x Learning condition interaction was not significant, F < 1.
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When the learning conditions were compared, we observed better recall in the
congruent condition (56%, SE = 4.07) relative to the meaningless condition (43%, SE =
4.10). The difference in recall between the incongruent condition (41%, SE = 5.06) and
meaningless condition was not significant. However, compared with the no gesture
condition (54%, SE = 4.57), recall was lower in the incongruent condition and the

meaningless condition.
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Figure 5. Recall percentage (% Recall) of nouns (Experiment 1, upper graph) and verbs (Experiment 2,
bottom graph) as a function of translation direction (L1 to L2, L2 to L1) and gesture conditions
(congruent, incongruent, meaningless, and no gestures). Standard error is plotted in vertical lines.
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DISCUSSION

Two main effects were found in Experiment 1 when examining the learning of
L2 nouns across different training conditions. When participants learned L2 words in
the congruent condition, percentage of recall was higher than in the meaningless
condition. However, the recall of L2 words was lower in the incongruent and
meaningless condition relative to the no gesture condition, as shown in the backward
translation task. This finding indicates that these conditions negatively influenced the
learning process. Together, two opposing effects were found when several L2 learning
methods were compared, i.e. facilitation and interference. The facilitation effect found
with congruent gestures seems to support the motor-imagery account of the role of
gestures in L2 vocabulary learning (Denis et al., 1991). The shared semantic meaning of
gestures and L1 words fostered the acquisition of L2 words. The motor-trace
perspective (Engelkamp & Zimmer, 1984, 1985) could also explain the facilitation
effect found here, since congruent gestures were also familiar gestures. However, this
view would not account for the interference effect found with incongruent gestures
relative to the meaningless condition since incongruent gestures were also common
gestures. Moreover, the self-involvement explanation could not accommodate the
pattern of results found in this experiment since clear differences between conditions
involving gestures were observed (Helstrup, 1987). On the other hand, the magnitude
of the interference effect was similar in the incongruent condition and the meaningless
condition, when comparing both with the learning of nouns in the no gesture
condition. This observation seems to indicate that the negative impact of gestures on
these two conditions was due to the fact that participants were immersed in a dual

task setting, which increased the difficulty of the learning process.

Experiment 2. Learning L2 Verbs

In Experiment 1, we observed that gestures could either benefit or hinder the
learning of nouns in a FL. This observation needed replication and further examination,

which was the aim of Experiment 2.

When comparing the learning of nouns and verbs, it has been found that verbs
are more difficult to acquire than nouns (Childers & Tomasello, 2002; Gentner, 1981;

94



Gentner & Boroditsky, 2001). A possible way of remediating the intrinsic difficulty
associated with the acquisition of verbs would be the use of gestures during the
learning process. In fact, it has been theorized that the semantic representation of
verbs involves an intrinsic motor component (Boulenger et al., 2009; Hauk et al.,
2004). Hence, in Experiment 2 we evaluated the role of gestures when participants

learned verbs in L2.

METHOD

Participants

Thirty-two native Spanish speakers from the University of Granada participated
in Experiment 2 (6 men and 26 women). The participants had not taken part in
Experiment 1. Their mean age was 20.97 years (SD = 3.21). Each subject gave written
informed consent before performing the experiment. Their participation was rewarded

with academic credits.

Design and Materials

The same design as that used in Experiment 1 was employed here, with four
learning conditions (no gestures, meaningless gestures, congruent gestures, and
incongruent gestures). A new set of 40 Spanish (L1) words was selected. These words
were verbs denoting actions that require movements of certain parts of the body (e.g.,
to eat, to smile, etc. see Appendix 1 for the complete set of material used in the study).
In addition, the same 40 Vimmi (L2) words used in Experiment 1 were randomly paired

with the L1 verbs to form the L1-L2 word pairs to be learned.

The forty word pairs were randomly sorted into 4 sets (10 word pairs in each)
and randomly assigned to one of the four learning conditions. The Spanish verbs across
the 4 sets were equated in lexical variables (Davis & Perea, 2005). There were no
differences 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, F < 1 (M = 15.48, SD = 23.62, per one million count),
familiarity, 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 L2 words. The Spanish and
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Vimmi words across conditions shared the same number of phonemes in the same
position, F<1 (M =0.37,SD = 0.63), and irrespective of the position within the word, F
<1(M=1.45,5D =0.96).

We took care to control the material used in Experiment 2 (verbs) as was done
with the material used in Experiment 1 (nouns). However, verbs intrinsically describe
actions so they could have a more direct mapping with representational gestures
because they usually depict actions. Thus, the use of gestures may have a greater
effect during the acquisition of L2 verbs than for L2 nouns. Nevertheless, as in
Experiment 1, we wanted to ensure that the congruent condition, incongruent
condition, and meaningless condition differed in the degree to which the meaning of
the L1 word was associated with the paired gesture. To this end, a new set of 15
Spanish participants that did not participate in the main experiment took part in a pilot
study. The participants received a video with a gesture and a verb written in Spanish
and they had to rate the degree to which the gesture and the meaning of the verb
matched, ranging from 1 (high mismatch) to 9 (high match). There were differences
between the congruent condition (M = 8.51, SD = 1.71), the meaningless condition (M
= 3.02, SD = 2.13), and the incongruent condition (M = 1.80, SD = 2.02), F(2, 28) =
365.09, p < .001, n* = .96. The gesture-word pairs were rated more highly in the
congruent condition compared to the meaningless condition, F(1, 14) = 433.22, p <
.001, n*= .97, and the incongruent condition, F(1, 14) = 1663.89, p < .001, n° = .99. The
incongruent condition and the meaningless condition also differed, F(1, 14) = 13.29, p
< .001, n® = .48. Therefore, the three conditions with gestures used in the study
differed in terms of the association between the meaning of the verbs and the

gestures.

All other details concerning the design and materials were the same as those

described in Experiment 1.

Procedure

The procedure was identical to that used in Experiment 1, except that verbs

were used instead of nouns.
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RESULTS

The recall percentage across the three training sessions was 42.46% (40.44% in
the forward translation test, and 44.48% in the backward translation test). The RTs
associated with correct translations were trimmed as described in Experiment 1. The

percentage of outliers was 7.86%.

Reaction time

An ANOVA was performed with translation test (forward translation, backward
translation), training session (first session, second session, third session) and learning
condition (no gestures, meaningless gestures, congruent gestures, and incongruent

gestures) as within-participant factors. Table 3 shows mean RTs across conditions.

Table 3. Reaction Times in the Verb Translation Tasks

First session Second session Third session

L1 to L2 translation

Congruent 2924 (159) 2514 (135) 2045 (115)
Incongruent 3011 (169) 2737 (121) 2583 (140)
Meaningless 3078 (171) 2885 (166) 2316 (118)
No gestures 3091 (154) 2784 (152) 2451 (139)
L2 to L1 translation
Congruent 2625 (146) 2399 (126) 2146 (121)
Incongruent 3059 (196) 2769 (153) 2528 (136)
Meaningless 2899 (188) 2780 (172) 2557 (148)
No gestures 2918 (159) 2568 (128) 2175 (122)

Note. Mean RTs (in milliseconds) obtained in Experiment 2 (learning L2 verbs) as a function of the
translation test (L1 to L2 translation, L2 to L1 translation), the training session (first session, second
session, third session) and the learning condition (congruent gestures, incongruent gestures,
meaningless gestures, no gestures). Standard errors are in brackets.

The main effect of session was significant, F(2, 62) = 23.05, p < .001, r]p2 = .43,
Mean translation latency was 2951 ms (SE = 139) in the first session, 2680 ms (SE =
115) in the second session, and 2350 ms (SE = 97) in the third session. Linear trend

analysis was significant, F(1, 31) = 39.37, p < .001, n2 = .56, with faster responses at the
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end of the learning process relative to the beginning of training. The main effect of
learning condition was also significant, F(3, 93) = 9.96, p < .001, npz = .24. The mean
RTs were 2494 ms (SE = 114) in the congruent condition, 2777 ms (SE = 111) in the
incongruent condition, 2760 ms (SE = 130) in the meaningless condition, and 2776 ms
(SE = 119) in the no gesture condition. RTs were faster in the congruent condition
compared with the incongruent condition, F(1, 31) = 29.96, p < .001, r]2 = .49, the
meaningless condition, F(1, 31) = 13.45, p < .001, nz = .30, and the no gesture
condition, F(1, 31) = 9.57, p = .004, nz = .23. No differences were found between the
incongruent and the meaningless condition, F < 1; and the meaningless condition did
not differ from the no gesture condition, F < 1. No other main effects or interactions

were significant (all ps > .05).

Recall performance

In the Translation test x Session x Learning condition ANOVA, the main effect
of session was significant, F(2, 62) = 240.80, p < .001, r;p2 = .89. The recall percentage
was 20% (SE = 1.91) in the first session, 43% (SE = 2.92) in the second session, and 64%
(SE = 3.10) in the third session. Linear trend analysis was significant, F(1, 31) = 325.47,
p < .001, nz = .91; the recall of L2 words was higher at the end of training relative to
the beginning of learning. The main effect of learning condition was significant, F(3, 93)
= 23.06, p < .001, npz = .43, and the main effect of translation test was also significant,
F(1, 31) =9.23, p = .005, npz =.23. Moreover, the Translation test x Learning condition
interaction was significant, F(3, 93) = 9.14, p < .001, npz =.23. No other main effect or
interactions were significant (all ps > .05). When we examined the Translation test x
Learning condition interaction, we obtained differences due to the translation test in
the no gesture condition, F(1, 31) = 32.84, p < .001, r)z = .51. This analysis revealed
better recall in the backward translation (45%, SE = 3.09) relative to the forward
translation (34%, SE = 2.83). There were no significant differences between the two
translation directions in the congruent condition, incongruent condition, and
meaningless condition (all ps > .05). As in Experiment 1, we examined the learning
condition effect across training sessions in the two tests used to measure the learning

of L2 words.
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Forward translation (from Spanish-L1 to Vimmi-L2). The main effect of session
was significant, F(2, 62) = 209.66, p < .001, npz = .87. Recall percentage was 18% (SE =
1.76) in the first session, 40% (SE = 2.72) in the second session, and 63% (SE = 3.14) in
the third session. Linear trend analysis was significant, F(1, 31) = 301.32, p < .001, n*=
.91. Thus, the vocabulary learning increased throughout the course of training.
Moreover, a significant learning condition effect was found, F(3, 93) = 25.27, p < .001,
npz = .45. The Session x Learning condition interaction was not significant, F(6, 186) =
1.22, p = .30, np2 = .04. When learning conditions were compared (see Table 2), we
observed better recall in the congruent gesture condition (57%, SE = 3.24), relative to
the meaningless gesture condition (36%, SE = 2.70) and the no gesture condition (34%,
SE = 2.83). The recall performance was similar in the incongruent condition (35%, SE =
3.10), and the meaningless condition. Finally, compared with the no gesture condition,
the recall percentage was similar in the meaningless condition and the no gesture

condition (Figure 6).
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Figure 6. Recall percentages (% Recall) obtained in Experiment 2, during the translation of verbs from L1
to L2 (upper graph) and from L2 to L1 (bottom graph) across training sessions (first, second, third) and
gesture conditions (congruent, incongruent, meaningless, and no gestures). Standard error is plotted in
vertical lines.

Backward translation (from Vimmi-L2 to Spanish-L1). Figure 6 shows the results
obtained in the backward translation test. The ANOVA conducted with session and
learning condition as variables revealed a significant main effect of session, F(2, 62) =

173.80, p < .001, r/p2 = .85. The recall of Spanish words from Vimmi words was 23% (SE
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= 2.26) in the first session, 46% (SE = 3.45) in the second session, and 65% (SE = 3.33) in
the third session. Linear trend analysis indicated that recall performance increased as a
function of training, F(1, 31) = 247.57, p < .001, n’= 89. The main effect of condition
was also significant, F(3, 93) = 16.32, p < .001, np2= .34. Finally, the Session x Learning
condition interaction was not significant, F(6, 186) = 1.32, p = .25, npz =.04. When the
learning conditions were compared (Table 2), we observed better recall in the
congruent condition (57%, SE = 3.30) relative to the meaningless condition (39%, SE =
3.22) and the no gesture condition (45%, SE = 3.10). The difference in recall between
the incongruent condition (36%, SE = 3.76) and meaningless condition was not
significant. However, compared with the no gesture condition, recall was lower in the

incongruent condition and the no gesture condition.

DISCUSSION

In Experiment 2, we evaluated the role of gestures in the acquisition of L2
verbs. The pattern of results we found was very similar to that observed in Experiment
1 (learning of L2 nouns). We found a facilitation effect due to the use of gestures in the
learning process. Congruent gestures facilitated the acquisition of L2 verbs relative to
the learning with no gestures or meaningless gestures. However, we obtained an
interference effect due to the use of incongruent and meaningless gestures relative to
the no gesture condition in the L2 to L1 translation task. The two effects found here

(facilitation and interference) will be explained further in the next section.

Between experiments results

We evaluated the differential effect of gestures on the learning of L2 nouns
(Experiment 1) and L2 verbs (Experiment 2) (Figure 7). In the forward translation task,
the main effect of word type was significant, F(1, 55) = 4.50, p = .04, npz = .08.
Participants recalled more L2 nouns (49%, SE = 2.95) than L2 verbs (40%, SE = 2.61).
Furthermore, the Condition x Word type interaction was significant, F(3, 165) = 2.85, p
= .04, an = .05. No other interactions involving the word type variable were significant

(ps > .05).
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The recall of verbs was lower relative to the recall of nouns in the no gesture
condition, F(1, 55) = 9.49, p = .003, np2 = .15, and the incongruent condition, F(1, 55) =
3.97,p=.05,n,>=.07.

However, no differences due to word type were found in the meaningless
condition, F(1, 55) = 2.18, p = .15, npz = .04, and the congruent condition, F < 1. When
the backward translation was taken into account, the main effect of word type was not

significant, F < 1, nor did this variable interact with any other factor (all ps>.05).
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Figure 7. Comparison of recall percentages (% Recall) of nouns (Experiment 1) and verbs (Experiment 2)
across gesture conditions (congruent, incongruent, meaningless, no gestures). Standard errors are
plotted in vertical lines.

To specify further the nature of the differences in L2 learning depending on the
word type, we evaluated possible differences between nouns and verbs in lexico-
semantic variables reported in the method section of Experiments 1 and 2. The lexical
frequency of nouns (16.07, SD = 35.74) and verbs (15.48, SD = 23.62) was similar, t(78)
= 0.09, p = .93. The number of graphemes of nouns (6.57, SD = 1.72) and verbs (6.53,
SD = 1.48) did not differ, t(78) = 0.13, p = .89. Further, the number of phonemes was
equated in the case of nouns (6.27, SD = 1.63) and verbs (6.30, SD = 1.44), t(78) = 0.07,
p =.94. The familiarity of words was similar for nouns (3.95, SD = 2.85) and verbs (3.50,
SD = 3.09), t(78) = 0.67, p = .50. However, differences between nouns and verbs
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emerged when concreteness was considered, t(78) = 1.91, p = .05. The concreteness

value was higher for nouns (4.06, SD = 2.88) than for verbs (2.90, SD = 2.53).

GENERAL DISCUSSION

Native English speakers beginning school have a vocabulary of around 4,000 to
5,000 word families, adding about 1,000 word families each year until reaching
adulthood with a vocabulary of around 20,000 word families (Nation & Waring, 1997).
This observation means that learners of a L2 face a considerable challenge, and there is
hence a need to develop training methods that can facilitate L2 vocabulary acquisition.
The use of gestures might be a good tool to foster this learning process (see Gullberg,
2014, for a review). Previous empirical studies support this premise by showing that L2
vocabulary learning is facilitated by the inclusion of gestures in the learning context

(Macedonia et al., 2011; Masumoto et al., 2006; Quinn-Allen, 1995; Tellier, 2008).

In previous studies, several conditions have been considered to evaluate the
role of gestures. For instance, the comparison between a congruent and incongruent
condition using speech or gestures has been addressed during the learning of verbs
(Kelly et al., 2009) and nouns (Macedonia et al., 2011). Other studies have compared
congruent gestures relative to meaningless gestures presented with written words
(Kronke et al., 2013) and sentences (Straube et al., 2012). Previous work has also
compared conditions with gestures relative to conditions without gestures (Macedonia
& Knosche, 2011). Moreover, congruent, incongruent, and no gesture conditions have
also been considered (Feyereisen, 2006). However, to our knowledge, there are no
previous studies in which four conditions have been evaluated at the same time
(congruent, incongruent, meaningless, and no-gesture condition). The simultaneous
comparison of these conditions in a single experiment would be of use in evaluating
models about the role of gestures in L2 vocabulary learning. The current study set out
to achieve this aim by evaluating four training procedures during the learning of nouns

and verbs in a FL.

The results found in the experiments reported here showed facilitation and
interference effects associated with the use of gestures in L2 learning (see also, Kelly et

al., 2009). This pattern of results runs counter to the self-involvement account of the
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role of gestures in L2 vocabulary acquisition (Helstrup, 1987). According to this view,
gestures might foster the involvement of the participant in the learning task and thus,
whenever gestures are used, an improvement in word acquisition would be found.
Focusing on the facilitation effect, we observed that participants learned more words
in a FL when the word pairs to be learned were accompanied by congruent gestures
(Feyereisen, 2006; Kelly et al., 2010; Macedonia & Klimesch, 2014). This finding agrees
with the motor-imagery account of the role of gestures in L2 acquisition (Denis et al.,
1991). In the congruent condition, the motor trace associated with the gesture was
part of the meaning of the word. Hence, semantic processing was enhanced, which
promoted the acquisition of L2 words. The facilitation effect observed with congruent
gestures could also be explained by the motor-trace perspective (Engelkamp &
Zimmer, 1984, 1985). According to this view, familiar gestures would have a strong
motor trace representation in memory, which would favor L2 learning. A way of
dissociating between the motor-trace and the motor-imagery account would be the
use of beats and deictic gestures. Previous studies have evaluated the role of these
gestures in L2 learning (Kushch, lgualada, & Prieto, 2018; Morett, 2014; So et al,,
2012). For example, Morett showed that the use of beat and deictic gestures
facilitated the recall of words in a language not familiar to the participants. Beats and
deictic gestures are typically produced with language and they have meaning
associated with them. However, their meaning may not be part of a word’s meaning
(particularly for beats). Therefore, the comparison between iconic gestures versus
beats would be of interest to dissociate between theoretical perspectives. A
facilitation effect with beats would favor the motor-trace theory, and a greater
facilitation effect in case of iconic gestures would be explained by the motor-imagery

account.

It is important to stress that different explanations might work together to
explain the role of gestures in L2 vocabulary learning. Macedonia and Mueller (2016)
found neural evidence of the relationship between higher cognitive processes
associated with the learning of words with iconic gestures (i.e., attention, language,
sensory and motor processes, declarative and procedural memory). Thus, it would be
simplistic and reductionist to limit the effect of gestures on L2 learning to only one

cognitive mechanism. Additionally, in our study, the beneficial effect of using gestures
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in L2 vocabulary acquisition was considered during the processing of isolated words.
However, different studies have found that word processing in L2 is affected by local
sentence context and more global discourse context (Van Assche et al., 2016, for a
review). Thus, future studies should evaluate the effect of gestures on the acquisition

and processing of L2 words in semantically rich contexts.

Nevertheless, not all well practiced gestures facilitated vocabulary learning in
our study. In particular, incongruent gestures (familiar gestures with an easily
recognizable meaning that mismatched the meaning of the word pair to be learned)
made L2 learning difficult (Feyereisen, 2006; Kelly et al., 2010; Macedonia et al., 2011).
The interference effect found with incongruent gestures relative to the learning of L2
words without gestures might be difficult to explain merely in terms of semantic
processing. This account would predict reduced L2 learning in the incongruent
condition (meaningful gestures) relative to the meaningless condition (meaningless
gestures) because in the incongruent condition there was a mismatch between the
meaning of the gestures and the meaning of the words to be learned in L2. However,
there were no differences between these two conditions. The similar pattern of results
found in the incongruent iconic gesture condition and the meaningless gesture
condition can be explained by assuming that meaningless gestures functioned as self-
adaptor gestures (self-touching movements unconnected to the content of the
speech). In fact, previous studies have shown that both iconic gestures and self-
adaptor gestures play a similar role during lexical processing in speech production
(Beattie & Coughlan, 1999). In addition, both the incongruent and meaningless
condition were associated with lower L2 vocabulary learning than that found in the no
gesture condition. The only difference between the incongruent/meaningless
conditions compared with the no gesture condition was the involvement of the
participant in a dual vs. single learning context, respectively. Specifically, participants in
the incongruent and meaningless conditions were immersed in a dual task situation in
which they had to code the gesture and the L1 word at the time they learned the
corresponding word in the FL. The cost associated with this dual coding is also found in
other studies, which have confirmed the difficulty of coding the meaning of a message
in L2 at the time at which the learners are required to perform a concurrent task

(Bransdorfer, 1991; Van Patten, 1990; Wong, 2001). Thus, the use of meaningless or
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incongruent gestures in the learning of L2 would result in a dual task that makes L2
learning difficult. However, this idea contrasts with the absence of cognitive cost when
words and gestures are processed concurrently in everyday interactions. Previous
studies suggest that the cognitive cost of a concurrent task depends on the familiarity
that people have with the words that are learned. For example, Padilla, Bajo, and
Macizo (2005) showed that the adverse effect of a concurrent task (articulatory
suppression) depended on the participants’' word knowledge with the learning
material. A cognitive cost of the concurrent task was observed in the learning of
pseudowords but not in the retention of words already known to the participants.
Thus, in normal circumstances, long-term knowledge associated with known words
provides support for the retention of information even in dual task situations. In our
study, however, this long-term knowledge of words in L2 was absent, so gestures
would have an adverse effect on vocabulary acquisition unless the gestures were

congruent with the learning material.

In the current study, we also evaluated the differential role of gestures in the
learning of two types of words, i.e. nouns (Experiment 1) and verbs (Experiment 2).
Verbs are more difficult to learn than nouns, at least for children. Children acquire
verbs slower than nouns and adults usually perform better with nouns than verbs on a
range of tasks (Gentner, 1981, 1982; Gentner & Boroditsky, 2001). In addition, L2
learners show better acquisition of nouns than verbs (Lennon, 1996). We confirmed
this pattern of results in the current study. In the forward translation task, the recall of
verbs was lower relative to the recall of nouns in the no gesture condition. In addition,
when examining the impact of gestures, we found similar facilitation and interference
effects during the learning of L2 nouns and verbs. However, upon closer inspection, we
observed that the difficulty associated with the learning of verbs disappeared when
congruent gestures were included in the training. Thus, the use of gestures in L2
vocabulary acquisition appears to remediate the intrinsic difficulty associated with the
learning of verbs. This effect appears to agree with the motor-imagery account since
differences between nouns and verbs only disappeared when the gestures denoted
the same meaning as the words to be learned in L2. Moreover, the differential effect
of gestures on the acquisition of verbs in a FL can be accommodated within the

gestures for conceptualization hypothesis (Kita, Alibali, & Chu, 2017). According to this
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view, gestures are rooted in practical actions that involve body movements and
motoric contents, and the meaning of verbs also intrinsically denotes motoric
information. Thus, gestures might involve the direct simulation of the meaning of

verbs, which would facilitate the learning of this category of words.

It is important to note that the conclusions drawn from the differential effect of
the use of gestures during the learning of verbs and nouns in L2 should be moderated.
In Experiment 2, the mapping between representational gestures which involve
depicted actions and the semantic characteristics of verbs which refer to actions also is
stronger than that between gestures and nouns (Experiment 1). In fact, this may
explain why the vast majority of studies on gestures have used verbs as learning
material (Childers & Tomasello, 2002; De Grauwe et al., 2014; Kelly et al., 2009; Kircher
et al.,, 2009). Thus, it might be possible that the benefit associated with the use of
congruent gestures during the learning of verbs might reflect this strong semantic
overlap between the actions described by the gestures and the meaning of the verbs.
On the other hand, besides the semantic differences between nouns and verbs, both
types of words differ in grammatical category. To explore this point, the role of
gestures during the acquisition of L2 could be evaluated by mixing nouns and verbs as
learning material. It is possible that the mixing of nouns and verbs produced a greater
salience of their grammatical category and possibly it would maximize the differences
found in the role of gestures during the learning of these two types of words. Future

studies will shed light on this point.

In this section, we argue that the benefit of using congruent gestures in L2
vocabulary learning might be accounted for by a motor-imagery explanation (Denis et
al., 1991). According to this view, gestures promote semantic processing of the
material to be learned. However, there remains some uncertainty regarding the
specific mechanism by which the increased semantic processing associated with the
use of gestures promoted the learning of L2 words. The impact of gestures on L2
vocabulary learning can be accommodated within the RHM (Kroll & Stewart, 1994). As
described in the introduction section, in this model, L1 words, L2 words, and a shared
semantic system are interconnected. However, differences in the weight of these

connections emerge depending on the stage of L2 vocabulary acquisition. In the early
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stages, the links between the semantic system and the L2 words are weak and L2
learners preferentially use a lexical route of processing from L2 to L1. Furthermore,
when proficiency increases, the links between L2 words and the semantic system
develop while diminishing the weight of the lexical route. The model has been widely
supported by previous work. For example, unbalanced bilinguals show an asymmetry
in translation tasks with faster performance in backward translation (lexical route from
L2 to L1) than in forward translation (semantic route from L1 to L2) (Kroll & Stewart,

1994).

Increased vocabulary learning has been demonstrated with L2 learning
methods that foster a semantic route of processing (e.g., presenting a word to learn
with a picture denoting its content, Lotto & De Groot, 1998; Van Hell & Candia-Mahn,
1997; or imagining the meaning of a word to be learned, Ellis & Beaton, 1993; Wang &
Thomas, 1995). Previous studies demonstrate that gestures 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 enhance semantic processing of words. The findings
obtained in the current study have provided evidence suggesting the use of semantic-
L2 connections associated with the use of gestures. As mentioned previously, gestures
abolished the difficulty associated with the learning of verbs but not nouns. This effect
was not captured in backward translation but in forward translation, a task that is
semantically mediated to a greater extent than backward translation (see Kroll et al.,
2010, for a critical review). Moreover, when we explored the characteristics of nouns
and verbs in our material, concreteness produced a difference: Nouns were associated
with a higher concreteness value relative to verbs, a variable that has been shown to
modulate L2 vocabulary learning. For example, concrete words activate the semantic
system more robustly than abstract words (Van Hell & De Groot, 1998), with the

former being more readily acquired by L2 learners (Kaushanskaya & Rechtzigel, 2012).

To conclude, the current study suggests that the use of gestures that are
congruent in meaning with the word to be learned facilitates vocabulary acquisition in
a FL. Furthermore, congruent gestures reduce the difficulty associated with the

learning of verbs relative to the learning of nouns. Other methods based on conceptual
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analysis of the material foster L2 learning (e.g., the use of pictures paired with the
words to be learned, e.g., Tellier, 2008). It would be interesting in the future to
evaluate whether these two supporting materials might have additive effects on L2

vocabulary acquisition.

109



110



Experiment 3. Seeing or Acting? The Effect of
Performing Gestures on Foreign Language

Vocabulary Learning

We evaluate the impact of gestures during the learning of vocabulary in a FL. Spanish
speakers learned words in a L2 in four gesture conditions according to the relationship
between the meaning of the words and the gestures (congruent gestures, incongruent
gestures, gestures without meaning and no gestures). The participants learned the
words by performing gestures (“do” learning group) or by observing the gestures
performed by others (“see” learning group). Compared to the meaningless gesture
condition, the processing of congruent gestures facilitated the recall of L2 words in the
“see” and “do” learning groups. However, the interference effect associated with the
processing of incongruent gestures was greater in the “see” learning group than in the
“do” learning group. Thus, the performance of gestures seems to mitigate the negative

impact that the use of gestures may have on the acquisition of vocabulary in a FL.

This study has been submitted as Garcia-Gamez, A. B., & Macizo, P. (2019). Seeing or
Acting? The Effect of Performing Gestures on Foreign Language Vocabulary Learning.

Language Learning.
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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 FL (Eurostat, 2019). However, it is also true that not everyone speaks a L2.
Therefore, it is necessary to implement learning strategies that enhance L2 learning.
From a theoretical perspective (Kroll & Stewart, 1994), the acquisition of vocabulary in
L2 would imply the establishment and reinforcement of connections between
semantics and the new words that are learned in L2. Thus, while novice learners
preferably translate words through the use of lexical connections between L1 and L2
words, expert learners translate words across languages using connections between

the meaning and the lexicon in L2 (Talamas et al., 1999).

In the past, different strategies have been implemented that maximize L2
vocabulary learning by stressing the semantic processing of the material. Increased
vocabulary learning has been demonstrated with L2 learning methods that foster a
semantic route of processing (e.g., presenting a word to learn with a picture denoting
its content, Lotto & De Groot, 1998; Van Hell & Candia-Mahn, 1997; or imagining 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 positive effect on vocabulary acquisition (De Grauwe et al., 2014; Gullberg, 2014;
Kelly, Manning, & Rodak, 2008; Kelly, et al., 2009; Macedonia & Kndsche, 2011;
Macedonia & Kriegstein, 2012; Morett, 2014; So et al., 2012; McCafferty & Stam, 2008,

for reviews).

In the current study, we focus on the role of gestures in L2 vocabulary
acquisition. Specifically, we evaluate whether mere exposure to gestures is sufficient
to show the positive effect of gestures on the learning of L2 words. Alternatively, we
examine if it is necessary for the participants to perform the gestures in order to

observe their effect on learning.

The role of movements on learning

In the educational system, the possible advantages associated to the learning
through actions relative to the observation-based learning have been a topic under
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discussion for decades (Goldin-Meadow, 1999). The “learning-by-doing” perspective
defends the active participation of the individual in the learning process by performing
actions during educational development. Learning-by-doing can positively affect the
formation of neural networks underlying the acquisition of knowledge and the
performance of many cognitive skills (Goldin-Meadow et al., 2012). This beneficial
effect has been demonstrated in several educational fields such as online courses,

language learning, or technology use (Aleven & Koedinger, 2002; Bessen, 2015).

Moreover, the relevance of movement in language processing has been
confirmed in many studies (Glenberg et al., 2004; Koriat & Pearlman-Avion, 2003). For
instance, Glenberg et al. (2008) observed that the performance of movements
interacts with language comprehension. In their study, participants were required to
move 600 beans (one at a time) from a big recipient to a narrow container toward or
away from their bodies depending on the recipients’ location. Afterwards, meaningful
and meaningless sentences describing movements were presented to participants and
they judged their plausibility. Results revealed that the time required to judge the
sentences depended on the congruency between the beans’ movement direction and
the direction of the acts described in the sentence (toward or away from the body).

Therefore, the performance of actions determined language comprehension.

A form of movement directly related to language processing are gestures that
usually occur with speech. There are different types of gestures associated to 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. As indicated above, there are a large number of studies showing that the
use of iconic gestures benefits the acquisition of vocabulary in L2 (Feyereisen, 2006;

Kelly et al., 2009; Macedonia & Klimesch, 2014; Morett, 2014).

Performing gestures during word learning in L2 would have a beneficial effect
for different reasons. Firstly, gestures might favor the involvement of the participant in
the learning task (Helstrup, 1987) so they could facilitate enhanced attention to the

learning material which would increase the retention of words (Craik & Tulving, 1975).
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Moreover, the performance of gestures when individuals process new words would
promote the creation of a visual 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).

Previous studies reveal that better vocabulary learning is found when
participants learn L2 words accompanied with gestures that reflect the common use of
objects whose names have to be learned in L2 (Feyereisen, 2006; Kelly et al., 2009;
Macedonia & Klimesch, 2014). Thus, the use of gestures promoted the acquisition of
L2 words. However, a negative effect is also found associated to the use of gestures in
L2 vocabulary learning. Incongruent gestures (familiar gestures with an easily
recognizable meaning that mismatch the meaning of the word to be learned) make L2
learning 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 et al. 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 to integrate the meaning of the gesture and
the word when participants processed gesture-word pairs with different meanings.
Thus, the processing of gestures could benefit or impair L2 learning depending on the
congruency between the gestures and the meaning of the words (Feyereisen, 2006;

Kelly et al., 2009; Macedonia et al., 2011).

Consequences of seeing vs. doing while learning

Several studies have examined the differences between self-performed tasks
and experimenter-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
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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 relationship 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 et al. (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 performance of movements improved the learning
compared to the mere exposure to gestures associated with the mental rotation of

objects.

Other empirical studies have confirmed the importance that self-generation of
movements have in the learning of linguistic material. Engelkamp et al. (1994) asked
participants to learn sentences 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 interpretation comes from the study conducted by James and
Swain (2011). The authors taught children action words associated to concrete toys.
Some of the children manipulated the objects while learning 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 perform the toys manipulation themselves. Thus, the
performance of motor actions favor 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.
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However, other studies have found similar pattern of results when participants
produce actions and when they only see actions produced by others (e.g. Rizzolatti &
Craighero, 2004). For example, Stefan and colleagues (2005) observed the involvement
of the motor cortex during the observation of movement (simple repetitive thumb
movements) which produced a specific memory trace in the motor cortex similar to
the pattern of activation that occurs when people perform a motor action. 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 happening 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 condition 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.

The current study

In general, there is agreement about the facilitative role that gestures have in
L2 vocabulary learning (Feyereisen, 2006; Kelly et al., 2009; Macedonia & Klimesch,
2014). However, there is controversy regarding the role that the performance of self-
generated movement (“do” learning) versus the mere observation of movement (“see”
learning) has in L2 vocabulary acquisition. In our study, we directly evaluated this
point. To this end, monolingual Spanish (L1) speakers learned new words in an artificial
language (Vimmi, L2) in three consecutive days. Participants were randomly assigned
to two learning conditions; the “see” and the “do” learning groups. The “see” learning
group was required to read aloud Spanish-Vimmi word pairs (L1-L2) and to observe
gestures that were presented on a video at the same time. The “do” learning group
was instructed to read aloud the word pairs in Spanish and Vimmi (L1-L2) and to

imitate the gestures that were presented on the screen. Furthermore, in order to
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explore both the benefit and the potential cost associated with the use of gestures in
L2 vocabulary learning, four conditions were evaluated: (a) the L1-L2 word pair to be
learned was presented alone (no gesture condition), (b) coupled with a gesture that
matched the meaning of the word (congruent gesture condition), (c) coupled with a
gesture which was semantically unrelated to the word meaning (incongruent gesture
condition) or (d) coupled with a gesture that did not denote any specific meaning
(meaningless gesture condition). Verbs were selected as learning material for this
study. Most of research regarding the role of gestures in L2 vocabulary learning has
used this type of words because their semantic representations intrinsically involve a

gestural/motor component (Boulenger et al., 2009; Hauk et al., 2004).

Based on previous studies about the role of gestures on L2 vocabulary learning,
we expected to find a positive effect from the use of congruent gestures during the
acquisition of L2 words. At the same time, the processing of gestures not related to the
meaning of words would impair L2 learning. This pattern of results would confirm both
the benefit 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 L2
learning. If mere observation of gestures were sufficient to modulate vocabulary
acquisition, the pattern 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” training group compared to the “see”

learning group.

METHOD

Participants

Thirty one individuals participated in the experiment (29 women and 3 men).
Sixteen of them (15 women and 1 man) were assigned to the “do” learning group,
their mean age was 21.12 years (SD = 2.53). The remaining fifteen participants (13
women and 2 men) were assigned to the “see” learning group, their mean age was
21.13 years (SD = 2.72). Each subject provided written informed consent before

performing the experiment.
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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 L2
vocabulary learning conditions were manipulated within-participants: No gesture
condition: Spanish (L1) - Vimmi (L2) word pairs had to be learned without gestures
(e.g., peinar, to brush in Spanish, and tola, a Vimmi word). Meaningless condition: L1-
L2 word pairs to be learned were coupled with meaningless gestures (e.g., peinar-tola
and the gesture of moving the hand from the forehead to the ear). Congruent
condition: L1-L2 word pairs were accompanied with gestures that reflected the
common use of objects whose names had to be learned in L2 (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 condition: L1-L2 word pairs were coupled with a
gestures associated with an action verb different 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 8).
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Congruent Incongruent

peinar-tola peinar-tola

Meaningless No gesture

peinar-tola peinar-tola

Figure 8. Learning conditions used in the study. Spanish (L1) — Vimmi (L2) 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).

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-L2 word pairs were iconic

gestures (McNeill, 1992), which have been also called representational gestures
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(Kendon, 1981), 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 condition were small movements performed with the hand
that did not have iconic or metaphoric 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).

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.)
(see Appendix 1 for the complete set of materials). 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 resulting 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 randomly assigned to one of the four lists. Across
lists, the 40 words were counterbalanced 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 learning conditions. The Spanish verbs across
the 4 sets were equated in lexical variables (Davis & Perea, 2005). There were no
differences 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, F < 1 (M = 15.48, SD = 23.62, per one million count),
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familiarity, 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 L2 words. The Spanish and
Vimmi words across conditions shared the same number of phonemes in the same
position, F<1 (M =0.37,SD = 0.63), and irrespective of the position within the word, F
<1(M=1.45,5D =0.96).

Procedure

L2 vocabulary learning involved three training sessions conducted on three
consecutive days. In each session, participants performed, firstly, the L2 training and,
afterwards, the assessment of the L2 learning. The two phases were separated by a 15-
min 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 experiment, the participants agreed to the procedure and signed a
written consent.

“See” L2 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 learning conditions (no gestures, meaningless gestures,
congruent gestures, and incongruent 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 learning blocks. The word pairs were
randomly presented within each condition. In addition, the order in which the learning
conditions were presented within a block was counterbalanced. On each trial, the
participant received a Spanish-Vimmi (L1-L2) 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 8). Gestures were recorded on video by the
experimenter and they were congruent, incongruent, and meaningless, depending on
the learning 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-L2 word twice. In the three gesture conditions (congruent, incongruent and
meaningless), participants were instructed to imagining 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-L2 word pairs, so they repeated
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the gestures twice as the actor does in the videos. In the no gesture condition, the
actor did not perform any movement and participants only repeated aloud the words
pairs twice (L1 Spanish-L2 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 in 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.

“Do” L2 training. As in the “see” training, participants were presented with a
block of 40 Spanish-Vimmi word pairs. The learning material was exactly the same
used in the “see” L2 training. The participants were instructed to read aloud each L1-L2
word twice. In the three gesture conditions, participants had to produce the gesture
presented in the video each time they said aloud the L1-L2 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-L2 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.

L2 learning assessment. Two tests were used to evaluate the acquisition of L2
words in the “see” and “do” learning groups: Translation from Spanish into Vimmi
(forward translation from L1 to L2) and translation from Vimmi into Spanish (backward
translation from L2 to L1). These tasks have been used in previous studies to evaluate
L2 learning (Kroll & De Groot, 2005; Poarch et al., 2014) and in studies about the role
of gestures in L2 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. 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 presented 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.
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RESULTS

Translation direction (forward translation, backward translation), training
session (first session, second session, third session) and learning condition (no
gestures, meaningless gestures, congruent gestures, incongruent gestures) were
considered as within-participants factors while the learning group (“see”, “do”) was
introduced in the analyses as a between groups variable. Although recall percentages
(Recall %) are the main index of vocabulary acquisition, RTs were also analyzed 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
standardizatiown, were 3 SD outside the normal distribution, 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 a = 0.05. The percentage of outliers was 10.62% in
the “see” and 11.51% in the “do” learning groups. Only correct responses were
included in the analyses of the RTs. Data points were excluded from the RT analyses if:
(a) the participants produced nonverbal sounds that triggered the voice key, (b) the
participants stuttered or hesitated in producing the word, (c) 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: (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. The mean of recall was 48.39% (47.00% in the
forward translation direction and 49.78% in the backward translation direction) in the
“see” learning group and 59.98% (59.32% in the forward translation direction, and

60.63% in the backward translation direction) in the “do” learning group.
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Table 4. Statistical Analyses Performed on Recall Percentages and RTs. Main Effect and

Interactions between the “See” and “Do” Learning Group.

Effects Recall (%) RT (ms)

F p F p
Learning Group 2.61 12 6.72  .01*
Translation Direction 2.80 10 17.71 .00*
Translation Direction x Learning Group .37 b55 118 .29
Session 153.65 .00* 34.26 .00*
Session x Learning Group 2.11 .13 590 .00*
Learning Condition 1896 .00* 6.91 .00*
Learning Condition x Learning Group 224 .09° 148 .23
Translation Direction x Session 12.45 .00* 190 .16
Translation Direction x Session x Learning Group .02 .98 A1 .90
Translation Direction x Learning Condition 9.37 .00* .92 A4
Translation Direction x Learning Condition x Learning 4.98 .00* 1.36 .26
Group
Session x Learning Condition 1.32 .25 213 .05
Session x Learning Condition x Learning Group 1.55 16 213 .05
Translation Direction x Session x Learning Condition .26 95 111 .36
Translation Direction x Session x Learning Condition x .52 .79 .85 .53

Learning Group

Note: *p < .05, ~p < .10.
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Recall performance

Recall percentages were submitted to a Session x Learning Condition x Learning
Group x Translation Direction analysis of variance (ANOVA). Table 4 shows the
complete pattern of results obtained in the analysis. There was a significant main
effect of session, F(2, 58) = 153.65, p <.001, np2 =.84. 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 showed that the recall of
L2 words was higher in the final session relative to the beginning of the training, F(1,
29) = 177.52, p < .001, n* = .86. The main effect of learning condition was significant
too, F(3, 87) = 18.96, p < .001, r;pz =.40. 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, participants responded better in
the congruent condition, t(30) = 6.91, p < .001, and the no gesture condition, t(30) =
3.55, p =.001. The difference between the meaningless condition and the incongruent
condition was not significant, t(30) = .86, p = .40.

Although the overall recall percentage was higher in the “do” learning group
(59.97%, SE = 4.99) than in the “see” learning group (48.39%, SE = 5.15), the main
effect of learning group was not significant, F(1, 29) = 2.60, p = .12, npz = .08. However,
the Learning Group x Learning Condition x Translation Direction was significant, F(3,
87) = 4.98, p = .003, n, 2 = .15. No other three-way interactions showed significant
differences (all ps > .05). The Learning Condition x Translation Direction interaction

was analyzed further for each learning group separately (Figure 9).
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Figure 9. Recall percentage (% Recall) of the “See” (upper graph) and “Do” (bottom graph) learning
groups as a function of translation direction (L1 to L2, L2 to L1) and the gesture conditions (congruent,
incongruent, meaningless, and no gestures). Standard error is plotted in vertical lines.

“See” learning group. The learning condition (congruent, incongruent,
meaningless, and no gestures) and the translation direction (forward, backward) were
entered for ANOVA analysis. The main effect of learning condition was significant, F(3,
42) = 8.97, p < .001, r;p2 = .39. The recall percentage was 57.44% (SE = 5.61) in the
congruent condition, 47.22% (SE = 5.72) in the incongruent condition, 39.00% (SE =

5.71) in the meaningless, and 49.89% (SE = 5.55) in the no gesture condition.
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Compared to the meaningless condition, there was a facilitation effect with congruent
gestures so the recall percentage was higher in the congruent condition, t(14) = 5.08, p
< .001. In addition, the difference between the meaningless gesture condition and the
no gesture condition was significant, t(14) = 3.70, p = .002, thus, the processing of a
meaningless gesture reduced the recall of L2 words compared with the learning of the
words without gestures. Finally, the comparison between the meaningless gesture
condition and the incongruent gesture condition was marginally significant, t(14) =
2.06, p = .06; therefore, there was a trend towards an interference effect due to the
presence of meaningless gestures relative to the learning condition without gestures.
The remaining main effects or interactions did not reach significance (all ps > .05)

“Do” learning group. As in the “see” learning group, the learning condition
and the translation direction were subjected to analysis of variance (ANOVA). There
was a main effect of learning condition, F(3, 45) = 12.76, p < .001, rlp2 = .46, which was
modulated by the Translation Direction x Learning Condition interaction, F(3, 45) =
13.94, p < .001, npz = .48. This interaction was analyzed further by examining the
learning condition effect in each translation direction separately.

In the forward translation direction (L1-L2), the learning condition effect was
significant, F(1, 15) = 146.21, p < .001, n*> = .91. There was a facilitation effect so
participants were more accurate in the congruent gesture condition (73.13%, SE =
4.18) relative to the meaningless gesture condition (56.04%, SE = 5.24), t(15) = 6.28, p
< .001. No differences were found between the meaningless and the incongruent
(55.21%, SE = 5.68) conditions, t(15) = .36, p = .73; thus, the interference effect found
in the “see” training group in the incongruent vs. the meaningless gesture condition
was not observed when participants produced gestures during the learning phase.
Finally, no differences were found between the meaningless and the no gesture
conditions (52.92%, SE = 5.78), t(15) = 1.07, p =.30. Therefore, the interference
associated to the processing of meaningless gestures vs. no gesture condition obtained
in the “see” training group was not observed in the “do” training group.

In the backward translation direction, the differences between learning
conditions were significant too, F(1, 15) = 139.35, p < .001, r]z =.90. 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 meaningless condition, and 68.13%
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(SE = 5.00) in the no gesture condition. The difference between the meaningless and
the congruent conditions reach significance, t(15) = 2.61, p = .02, as the comparison
between the meaningless and no gesture conditions, t(15) = 2.84, p = .01. The
comparison between meaningless and incongruent gestures was not significant, t(15) =

1.82, p = .09.

Response times

As in the recall analyses, the Session x Learning Condition x Learning Group x
Translation Direction variables were entered in an ANOVA (see Table 4 for the

complete set of results and Table 5 for the mean RTs in each treatment).

Table 5. Response Times in the “See” and “Do” Learning Groups

Congruent Incongruent  Meaningless No gestures
“See” Learning Group
L1-L2 (1** Session) 2546 (181) 3006 (176) 3061 (184) 2802 (213)
L1-L2 (Z”d Session) 2464 (156) 2505 (141) 2501 (169) 2536 (162)
L1-L2 (3rOI Session) 1961 (142) 2083 (123) 2482 (191) 2140 (140)
L2-L1 (1% Session) 2696 (193) 2783 (131) 2930 (146) 2494 (203)
L2-11 (2”"I Session) 2068 (91) 2207 (155) 2464 (169) 1997 (190)
L2-L1 (3rd Session) 1740 (125) 2075 (156) 1220 (110) 1879 (140)
“Do” Learning Group
L1-L2 (1** Session) 2474 (175) 2326 (170) 2543 (178) 1756 (206)
L1-L2 (2”d Session) 2055 (151) 2328 (136) 2278 (164) 2469 (157)
L1-L2 (3“’I Session) 1902 (137) 2130 (119) 2069 (185) 2071 (136)
L2-L1 (1% Session) 2262 (187) 2538 (224) 2325 (141) 2030 (196)
L2-11 (2”"I Session) 1720 (88) 2237 (150) 2100 (164) 2116 (184)
L2-L1 (3rd Session) 1729 (121) 2256 (152) 1753 (106) 1835 (136)

Note. Mean RTs (in milliseconds) obtained in the “see” and “do” learning groups as a function of the
translation direction (L1 to L2 translation, L2 to L1 translation), the training session (first session, second
session, third session) and the learning condition (congruent gestures, incongruent gestures,
meaningless gestures, no gestures). Standard errors are in brackets.
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The session effect was significant, F(2, 58) = 34.26, p < .001, n, 2 = 54, The
mean response time in the first session was 2536 ms (SE = 64), 2252 ms (SE = 65) in the
second session, and 2020 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 2 = .63. The main effect of translation direction was significant too, F(1, 29) =
17.71, p < .001, n, 2 = 38, with participants responding faster in the backward (2185
ms, SE = 55) than in the forward (2354 ms, SE = 54) translation direction. The main
effect of learning condition was significant, F(3, 87) = 6.91, p < .001, n, 2 = 19. Mean
response times were 2135 ms (SE = 68) in the congruent condition, 2372 ms (SE = 62)
in the incongruent condition, 2393 ms (SE = 57) in the meaningless condition, and 2177
ms (SE = 80) in the no gesture condition. Participants responded significantly faster in
the congruent condition compared to the meaningless condition, t(30) = 3.35, p =.002.
The comparison between meaningless and no gesture conditions was marginal, t(30) =
1.97, p = .06. No differences were observed between the meaningless and the
incongruent gesture conditions, t(30) =.15, p = .89.

The main effect of learning group was significant, F(1, 29) = 6.72, p = .01, npz =
.19. Participants in to the “do” learning group responded faster (2137 ms, SE = 71) than
the “see” learning group (2401 ms, SE = 73). Finally, the Session x Learning Group
interaction was significant, F(2, 58) = 5.90, p = .005, n, 2= 17. Participants were
significantly faster in the “do” learning group (2282 ms, SE = 89) compared to the “see”
learning group (2790 ms, SE = 92) in the first learning session, F(1, 29) = 15.86, p < .001,
n 2 = 35; however, the difference between the learning groups was not significant in
the second learning session, F(1, 29) = 1.92, p = .18, n 2 = .06, nor in the third learning
session, F(1,29) = .80, p=.38,n%=.03.

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 context (e.g., developmental disorders, aphasia treatments,
etc.) (Botting, Riches, Gaynor, & Morgan, 2010; Hogrefe, Ziegler, Wiesmayer,
Weidinger, & Goldenberg, 2013; Kelly et al., 2008). For example, pointing movements,

defined as deictic gestures, and beat gestures, that reflect the prosody and emphasize
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the speech, have showed positive effects on language learning and development
(Kushch et al.,, 2018; Morett, 2014; So et al., 2012). Iconic gestures that make
reference to concrete entities 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 production and comprehension (Goldin-Meadow & Alibali,
2013; Straube et al., 2012) and in L2 vocabulary acquisition (So et al., 2012; Tellier,
2008). However, to our knowledge, no previous studies have evaluated the effect of
performing vs. observing gestures during the acquisition of L2 vocabulary in adulthood.
Thus, in our study, the main interest was the direct comparison between the
consequences of self-performed gestures and gestures observation while learning
vocabulary in L2. To this end, participants learned L2 verbs accompanied by different
types of gestures (congruent, incongruent, meaningless, no gesture) in two different
conditions. The “do” learning group was instructed to perform the gestures that
accompanied the L2 words while the “see” learning group observed the gestures
without performing any movement.

The results found in the study revealed higher recall of L2 words in the “do”
learning group (60%) than in the “see” learning group (48%), although the difference
between types of training did not reach significance. However, the participants
retrieved L2 words more rapidly in the “do” learning group (2137 ms) than in the “see”
learning group (2401 ms). Thus, the training based on the self-generation of gestures
facilitated the retrieval of vocabulary in a FL.

Concerning the effect of the different gesture conditions used in our study, the
results revealed a facilitation effect on L2 learning when the words to be learned were
accompanied by congruent gestures compared to the meaningless gesture condition.
Specifically, the congruent gesture condition was associated with higher recall
percentage and faster response time compared to the meaningless gesture condition.
This improvement in L2 learning 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 et al.’s (2011) study, a group
of German speakers learned Vimmi words presented with iconic gestures (e.g., the

word suitcase appeared with the gesture of an actor lifting an imaginary suitcase) or
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meaningless gestures (e.g., the word suitcase and the gesture of touching one’s own
head). The results showed better recall for words learned with iconic gestures relative
to words accompanied by meaningless gestures.

The L2 learning facilitation effect due to the processing of congruent gestures
was independent of the type of training (“see” learning vs. “do” learning) which
suggests that mere exposure of gestures is sufficient to observe the beneficial effect of
gestures on the acquisition of vocabulary in a FL. This pattern of results is 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, not all gesture conditions improved the learning process. Specifically,
in the “see” learning condition, the performance of gestures incongruent with the
meaning of L2 words made the acquisition of vocabulary difficult. 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 gestures during L2 vocabulary learning 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 gesture-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 L2 words.

On the other hand, the “see” training 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 performed with the hand that did not have iconic or metaphoric
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associations with the meaning 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 performing 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 or feet. Concerning the observation of movements, Buccino et al.
(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” training
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 L2.

However, the interference effects found in the “see” training group was not
obtained when participants performed the gestures during learning; that is, the “do”
training group. Hence, we might ask about the cognitive mechanism responsible for
minimizing the negative impact of incongruent and meaningless gestures in the “do”
training group. The benefit associated to 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 to self-performed gestures in
children. They argued that the facilitative role attributed to acting while learning would
be due to the reduction of working memory load. Thus, in the current study, the
performance of gestures during learning 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
meaningless 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, Calvo, & Bialystok, 2013).
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Moreover, in the “do” training group, the attenuation of the interference
effects was more evident in the forward translation task (L1-L2 translation) than in the
backward translation task (L2-L1) (see Figure 9). Thus, interference effects were found
in the incongruent and the meaningless condition when participants performed the
backward translation task; however, in forward translation, the percentage of recall
was similar in the incongruent gesture condition (55.21%), the meaningless gesture
condition (56.04%), and the non-gesture condition (52.92%). The main difference
between forward and backward translation is task difficulty. In fact, it is well
established that L2 learners show worse performance in forward than in backward
translation (Kroll & Stewart, 1994). Similarly, in the no gesture condition of our study,
the recall of L2 words was lower and the response latencies higher in the L1-L2
translation than in L2-L1 translation; thus confirming the greater difficulty associated
with forward vs. backward translation.

The effect of gestures on learning and retrieval of information seems to depend
on task difficulty. For example, Marstaller and Burianova (2014) observed that a letter
memorization task was more difficult to perform and the recall was lower in
participants 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 interference 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.

To conclude, the results obtained in our study show the beneficial effect of
processing gestures in L2 vocabulary acquisition when they are congruent with the
words to be learned. This positive effect in learning does not require learners to
perform gestures but the effect is shown by mere observation of gestures. However,
performing gestures has an additional effect on learning: They seem to mitigate the
adverse effect of processing gestures not related to the meaning of the words to be

learned. Thus, if one had to choose between different learning programs (with or

133



without gestures), the recommended alternative would a training protocol in which

participants produce gestures congruent with words to be learned.
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Experiment 4. Semantic and Lexical Training to

Learn Foreign Language Words in Adulthood

We evaluated the role of two L2 learning methods (semantic training and lexical
training) in the acquisition of L2 words in adulthood. In the semantic method, L2 words
and pictures denoting their meanings were presented and participants learned by
practicing a semantic categorization task (to indicate whether new words were
exemplars of semantic categories). In the lexical methods, adult individuals received L1-
L2 word pairs and they performed a letter identification task (to indicate whether L1-L2
words contained a grapheme). After training, participants decided if L1-L2 word pairs
were translation equivalents. When the L2 word was not the L1 translation but was
semantically related, interference was found in adult learners subjected to the
ssemantic method but not in those that had learned words with a lexical method. This
result suggests that semantic training in adulthood favors the acquisition of
connections between concepts and L2 words, connections that are usually present in

fluent bilinguals.

This study has been reviewed as Garcia-Gamez, A. B., & Macizo, P. (in preparation).

Semantic and lexical training to learn foreign-language words in adulthood.
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INTRODUCTION

The efficient way of producing a word in a L2 is to retrieve the word in that
language from the concept the speaker wants to produce. Therefore, fluent bilinguals
are characterized by strong connections between semantic representations and L2
lexical information. This idea was embodied in one of the most relevant views of L2
language acquisition, the RHM (Kroll & Stewart, 1994). In this model, L1 words, L2
words, and a shared semantic system are interconnected. However, differences in the
weight of these connections emerge depending on the stage of L2 vocabulary
acquisition. In the early stages, the links between the semantic system and the L2
words are weak and L2 learners preferentially use a lexical route of processing from L2
to L1. Furthermore, when proficiency increases, the links between L2 words and the
semantic system develop while diminishing the weight of the lexical route.

The RHM has been widely supported by previous work (see Kroll et al., 2015,
for a review). For example, unbalanced bilinguals show an asymmetry in translation
tasks with faster performance on backward translation (direct lexical route from L2 to
L1) than on forward translation (semantic route from L1 to L2) (Kroll & Stewart, 1994).
Moreover, strong evidence in favor of increased semantic processing in fluent
bilinguals relative to L2 learners comes from studies in which the translation
recognition task is used (Talamas et al., 1999). In this task, participants receive a word
in one language followed by a word in another language and they have to indicate
whether the second word is the translation of the first word. Talamas et al. found that
English (L1) speakers who were learners of Spanish (L2) took more time to reject L2-L1
words as correct translation when these words were similar in form (e.g., man-
hambre; hambre means hungry and hombre means man in Spanish). In contrast, fluent
bilinguals suffered more interference when the word pairs were incorrect translations
but were semantically related (e.g., man-mujer; mujer means woman in Spanish).
These results suggest that fluent bilinguals retrieved semantic information when the L2
word was presented.

Therefore, previous research suggests that fluent bilinguals are characterized
by making strong connections between the semantic system and L2 words while L2

learners preferentially make use of a lexical route. However, there is evidence
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suggesting that a semantic route might be functional relatively early in L2 learning (De
Groot & Poot, 1997; Frenck-Mestre & Prince, 1997; Potter et al., 1984; see Brysbaert &
Duyck, 2010, for a review). To illustrate, Frenck-Mestre and Prince (1997; Experiment
2) examined priming of the dominant and subordinate meanings of biased
homographs (e.g., seal) in a L2 lexical decision task. The priming effect for the
subordinate meaning was only found in proficient bilinguals; however, less and more
proficient bilinguals showed priming effects for the dominant meaning of the
homograph in L2. Thus, L2 learners used a semantic route of processing (although to a
lesser extent than fluent bilinguals).

Studies conducted with the translation recognition task have also found
evidence for the use of a semantic route of processing in the early stages of L2
acquisition. In the study conducted by Talamas et al. (1999), described above, there
was evidence that less proficient bilinguals processed L2 words semantically. In
particular, L2 learners showed semantic interference when the L1-L2 word pairs
shared high semantic similarity (while fluent bilinguals showed the effect for both high
and low semantic similarity). Moreover, Sunderman and Kroll (2006) obtained
evidence of semantic processing in L2 learners with the translation recognition task
(see also, Altarriba & Mathis, 1997). In particular, the authors compared two groups of
native English (L1) speakers, one with a greater level of proficiency and the other with
less proficiency in Spanish (L2). The two groups of participants were slower to reject
the pairs that were related in meaning compared with a control condition tested with
unrelated word pairs. Thus, even the less proficient L2 learners appeared to be
sensitive to conceptual information.

To summarize, previous studies seem to indicate that both the lexical route
and the semantic route of processing are present in L2 learners. However, the weight
of these routes appears to depend on the fluency of bilinguals in L2; individuals in the
early stages of L2 learning would primarily use the lexical route whilst processing
would be predominantly semantic in fluent bilinguals. Thus, if we consider cognitive
processing of fluent bilinguals, it would be desirable to implement L2 learning methods
that favour the establishment of connections between concepts and L2 words. In fact,
increased L2 vocabulary learning has been demonstrated with training protocols that

foster a semantic route of processing (e.g., presenting a word to learn with a picture
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denoting its content, see Lotto & De Groot, 1998; Van Hell & Candia-Mahn, 1997; or
imagining the meaning of a word to be learned, Ellis & Beaton, 1993; Wang & Thomas,
1995). In the next section, we provide a brief review of the work conducted to address

this issue.

Semantic and lexical methods to learn L2 vocabulary

There is previous work addressing the efficiency of semantic and lexical
learning strategies to acquire foreign-language vocabulary, the majority of which have
been conducted with children (Comesafia et al., 2012; Poarch et al., 2014). In different
studies, the semantic and lexical methods of foreign-language vocabulary acquisition
have been implemented with the use of pictures and words, respectively. The
underlying assumption is that the processing of a picture requires access to its
meaning, and thus the learning of new words in L2 accompanied by pictures denoting
their meaning would strengthen the connections between the concepts and the L2
lexical system. Tonzar et al., (2009) examined this issue with Italian (L1) children from
4th to 8th grades. The children learned words in FL (English and German) with two
training protocols: a word learning method in which the L2 words and L1 word were
presented, and a picture learning method consisting of the L2 word and a picture of an
object to which the L1 word referred. The authors observed superiority of the picture-
mediated learning over the word-mediated learning method. The authors concluded
that the efficiency of the picture-based method in the acquisition of L2 words might be
due to the fact that this training allowed a direct connection between the L2 lexical
representation and the corresponding concept. Comesaia et al. (2009, Experiment 2)
found direct evidence for this conclusion by examining semantic interference effects
with the translation recognition task. Two groups of Spanish (L1) children learned
Basque (L2) words with a word-based method (L1-L2 words were presented) and a
picture-based method (L2-picture pairs were used). At testing, the children that had
learned the L2 words with pictures showed a semantic interference effect and so were
slower and they made more errors to semantically related L2-L1 pairs (e.g., aulkia, the
word chair in Basque, paired with mesa, table in Spanish) relative to unrelated pairs of
L2-L1 words. This semantic interference effect suggested that the connection between
L2 words and the conceptual system in children was a function of the way in which the

L2 words had been learned. A picture-mediated L2 learning instruction favored
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semantic processing in children learning words in a FL. This conclusion was strongly
supported in Poarch et al.’s (2014, Experiment 1) study. The authors evaluated a group
of Dutch (L1) children aged 10-11 who were L2 learners of English (L2) in contexts
enriched by pictures and listening/speaking exercises. The children showed a semantic
interference effect in the translation recognition task, which suggests that they were
able to exploit conceptual information during L2 processing and map L2 words to

concepts.

All of the studies reviewed so far have examined the impact of semantic vs.
lexical mediated instruction of L2 in childhood. In the current study, we evaluated the
efficacy of these two learning methods in adult L2 learners. There are reasons to
assume that in adults, the type of learning (e.g., with pictures vs. words) might
influence L2 vocabulary learning in a way that is different to what occurs in children.
Children are individuals still in the process of creating connections between the
semantic system and L1 words, so the semantic/lexical systems are likely to be more
sensitive to the use of material that favors the link between concepts and L2 words. In
contrast, concepts-L1 links are already formed in adults that decide to learn a L2. Thus,
adult individuals might use these concept-L1 connections to access new L2 words (i.e.,
through a lexical route from L1 words to L2 words) regardless of the training program
used to acquire foreign-language vocabulary. If fact, Chen and Leung (1989) showed
that Chinese (L1) children were better at retrieving words in English (L2) from pictures
(e.g., an L2 picture naming task) while Chinese adults learners of English as L2
performed better when retrieving L2 words from L1 words (i.e., L1-L2 translation task).
Thus, adults appear to use a lexical route of processing to learn L2 vocabulary, which

might reduce the effect of a picture-mediated L2 learning instruction in adulthood.

There are relatively few studies comparing the impact of semantic vs. lexical
methods on the acquisition of L2 words in adulthood. Of these, some have addressed
the congruency between the learning and the retrieval of foreign-language vocabulary.
To illustrate, Chen (1990) asked two groups of Chinese (L1) college students to learn
words in French (L2). One group was presented the L2 word paired with a picture
depicting its meaning (picture-learning group) while the other received the L2 word

with the corresponding L1 translation (word-learning group). At testing, the word-
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learning group showed better performance on translation tasks with words while the
picture-learning groups were faster in naming pictures in L2. Similar picture-learning
and word-learning methods were compared by Lotto and De Groot (1998) who asked
adult Dutch (L1) speakers to learn Italian words (L2). After learning with pictures-L2
words or L1-L2 words, the learners received either the pictures or the L1 words as cues
for the recall of the L2 words. Similar to what was found with children (Tonzar et al.,
2009), adult learners showed that the picture-based methods lead to better
performance than the word-based methods. Moreover, the results showed evidence
of better recall when the study and test conditions were congruent than in the case in
which they were incongruent. Therefore, these studies indicate that the performance
of adult L2 learners is better when the learning and test conditions match than when
they mismatch. However, the aim of these studies was not to determine the role of L2
learning methods (picture-based vs. word-based instruction) on the establishment of a
connection between the semantic system and L2 words. The purpose of the present

study, therefore, is to address this issue directly.

The current study

In the current study we aimed at exploring whether a picture-mediated L2
learning relative to a word-mediated instruction would foster the creation of
connections between concepts and L2 words when adults learn vocabulary in a FL. To
this end, adult speakers of Spanish (L1) learned words in Vimmi (L2), an artificial
language that has the advantage of controlling for several linguistic variables such as
word length, familiarity of L2 words, and phonotactic factors (Jalbert et al., 2011). Two
learning methods were implemented, one including pictures-Vimmi words (semantic
training) and the other involving Spanish words and Vimmi words (lexical training).
Additionally, in order to favor semantic/lexical processing in the picture/word based
methods, respectively, participants practiced with two retrieval tasks (see Figure 10).
In the semantic L2 learning, participants received a category name along with a Vimmi
word that had been previously learned and they were required to decide whether the
word was an exemplar of the semantic category. During lexical training, a grapheme
was presented followed by a Vimmi word and participants decided whether the

grapheme was present in the L1 translation of the L2 word. After training, participants
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performed a translation recognition task in which they decided if L1-L2 word pairs
were translation equivalents. The critical condition was composed of a Vimmi word
(e.g., boreda, meaning donkey in Vimmi) paired with a semantically related Spanish
word (e.g., caballo, meaning horse in Spanish). This condition was compared to a
control condition with unrelated L1-L2 word pairs. The possible interference effect
(performance in the related condition relative to the unrelated condition) was

considered to be an index of semantic mediation.
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Figure 10. Description of the L2 vocabulary learning methods used in the current study.

Different outcomes were predicted. If adult L2 learners can use pictures to
exploit semantic processing of L2 words, they would show an interference effect in the
translation recognition task when they were subjected to the semantic training
protocol relative to the lexical training protocol. In other words, the picture-based
method would foster semantic-L2 connections, as confirmed in children (Comesafia et

al.,, 2009; Poarch et al., 2014). In contrast, if adult individuals primarily use lexical

143



connections to acquire L2 words (e.g., Chen & Leung, 1989), no semantic interference

effects would be found irrespective of the method used to acquire Vimmi words.

METHOD

Participants

Thirty students from the University of Granada took part in the study. They
gave informed consent before performing the experiment, and their participation was
rewarded with academic credits. They reported no history of language disabilities and
they had normal or corrected-to-normal visual acuity. All students were native
speakers of Spanish. Fifteen participants were randomly assigned to the L2 lexical
training condition (13 women, 2 men) and 15 students were assigned to the L2
semantic training condition (13 women, 2 men). The mean age of participants was
equated in the L2 lexical training (M = 20.73 years, SD = 4.03), and the L2 semantic
training (M = 21.40 years, SD = 2.29), t(28) = 0.56, p = .58, d = 0.20. The number of
left/right-handed participants was also equated between the L2 lexical training and the
L2 semantic training conditions (2/13 and 1/14, respectively), Xz(l, N=30)=0.37,p=
.54.

Design and Materials

In the current study, participants learned a set of 60 Spanish-Vimmi words
across ten blocks of training. Half of the participants received lexical training and the
remaining participants received the semantic training. Thus, when the training phase is
considered, a 2 x 10 mixed design was used with type of L2 training (semantic training,
lexical training) as a between-participants factor and block of training (10 levels, from
the first block to the last block of training) as a within-participants variable. In the
translation recognition task, the Spanish-Vimmi word pairs were correct translations,
or they could be an incorrect translation that was semantically related or unrelated.

Next, we describe the experimental tasks.

L2 vocabulary learning task. A set of 60 Spanish words were selected. These
Spanish words referred to exemplars of six semantic categories (Batting & Montague,

1969; Moreno-Martinez, Montoro, & Rodriguez-Rojo, 2014): three categories were
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from the living domain (four-footed animals, body-parts, fruits) and three from the
non-living domain (kitchen utensils, musical instruments, vehicles). Within each
semantic category, ten words were selected. In addition, for each word, a picture was
chosen denoting the selected concepts (Pérez & Navaldn, 2003; Snodgrass &
Vanderwart, 1980). Each Spanish word and its corresponding picture were randomly
paired with a Vimmi word. Table 6 displays the lexical characteristics of Spanish words
taken from from Cuetos, Glez-Nosti, Barbdén, and Brysbaert (2011), and Pérez and
Navaléon (2003) (length, word frequency, orthographic neighborhood, age of
acquisition, familiarity, manipulability, typicality, imageability, and concreteness of
words), lexical properties of Vimmi words (length, orthographic neighborhood, and
shared graphemes with the Spanish words), and visual properties of pictures taken
from Pérez and Navaldon (visual complexity of pictures, image agreement, image
variability, and picture-name agreement). The complete set of stimuli is presented in

Appendix 2.

Table 6. Characteristics of the Stimuli Used in the Study

Mean SD

Spanish words

Length 5.68 1.71
Frequency 38.90 61.80
Orthographic neighbourhood 3.36 5.00
AoA 2.47 0.74
Word familiarity 4.16 2.89
Word manipulability 3.36 0.97
Word typicality 4.50 0.47
Word imageability 4.00 2.98
Word concreteness 4.10 2.86

Vimmi words

Length 5.66 1.45
Orthographic neighbourhood 1.11 2.24
Shared graphemes 2.11 0.97
Shared graphemes (positional)  0.50 0.67
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Pictures

Visual complexity 2.59 0.82
Image agreement 3.94 0.51
Image variability 2.38 0.67
Picture-name agreement 88.2 15.0

Note. Lexical characteristics of words and visual properties of pictures used in the study. Length:
Number of graphemes of the word. Frequency: Spanish word frequency per one million words.
Orthographic neighborhood: Number of words that can be formed by substituting a single letter at any
of the letter position within the string. Age of Acquisition: the estimated age at which a word is acquired
on a 7-point rating scale (0-2, 3—-4, 5-6, 7-8, 9-10, 11-12, and 13 years or more). Word familiarity:
degree to which the concept denoted by the word is encountered in real life in a 5-point scale (1 = very
unfamiliar, 5 = very familiar). Word manipulability: degree to which use of the human hand is necessary
for the object denoted by the word to perform its function in a 5-point scale (1 = low manipulability, 5 =
high manipulability). Word typicality: degree to which a concept denoted by a word is a representative
exemplar of its category on a 5-point scale (1 = least typical, 5 = most typical). Word imageability: how
easy it is for a word to arouse mental images on a 7-point scale (1 = low imageability, 7 = high
imageability). Word concreteness: the degree to which the concept denoted by a word refers to a
perceptible entity on a 7-point scale (1 = low concreteness, 1 = high concreteness). Visual complexity: of
the pictures on a 5-point scale (1 = drawing very simple, 5 = drawing very complex). Image agreement:
degree to which the picture is similar to the real object depicted in the drawing on a 5-point scale (1 =
low agreement, 5 = high agreement). Image variability: whether the name of the object evokes few or
many different images on a 5-point scale (1 = few images, 5 = many images). Picture-name agreement:
how close the picture matches the name given to the object in percentage (higher values, higher
match).

The 60 Spanish-Vimmi words were randomly grouped into 10 learning sets of 6
words each. On each trial of the semantic training phase, a picture denoting the
meaning of the Spanish word (e.g., pldtano, banana in Spanish) was presented along
with its Vimmi translation (e.g., raone). After presenting a set of 6 picture-Vimmi word
pairs, participants performed a practice task with these Vimmi words: A category name
was presented (e.g., fruit) followed by a Vimmi word (e.g., raone) and participants had
to indicate whether or not the word denoted an exemplar of the category previously
presented (“yes” in the pldtano-raone pair). Participants received six trials; on half of
the trials the Vimmi word was an exemplar of the semantic category and on the
remaining trials it was not. Across the entire task, there were an equal number of “yes”

n

and “no” responses in each of the six semantic categories. In addition, across

participants all Vimmi words were assigned to the “yes” and “no” responses.

During lexical training, on each trial a Spanish word and its Vimmi translation
were presented, one above the other (e.g., pldtano and raone). After presenting 6

Spanish-Vimmi word pairs, participants completed a practice task with these Vimmi
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words: A grapheme was presented (e.g., n) followed by a Vimmi word that contained it
(e.g., raone) and participants had to indicate whether this grapheme was also present
in the Spanish translation of the Vimmi word (“yes” in the pldtano-raone pair). Each
grapheme was randomly selected from each Vimmi word. On three trials the
grapheme was presented in the Spanish translation and on half of the trials it was not.
Across the task, half of the target graphemes were vowels and the remaining
graphemes were consonants. Across participants all graphemes were assigned to “yes”

and “no” responses.

Each participant received either the semantic or lexical training. All participants
performed ten blocks with the learning and practice tasks described above. In each

block, the 60 Vimmi words to be learned were presented once.

Translation recognition task. A total of 60 trials were presented in the task.
Each trial consisted of a Vimmi word followed by a Spanish word. On 20 trials, the
Spanish word and Vimmi words were translation equivalents (“yes” responses), on the
remaining trials the Spanish-Vimmi word pairs were not translation equivalents (“no”
responses). Among the word pairs that were not translation equivalents, 20 trials were
composed of words that referred to different semantic categories, one in the living
domain and the other in the non-living domain (the unrelated condition, e.g., pldtano-
tedo, banana-cup in Spanish and Vimmi, respectively). In the remaining 20 trials, the
word pairs referred to exemplars from the same semantic category (the related
condition, e.g., pldtano-deschoga, banana-pineapple in Spanish and Vimmi,
respectively). Each participant received the 60 Vimmi words and 60 Spanish words
once (20 translation equivalent word pairs, 20 unrelated word pairs and 20 related
word pairs randomly presented). Across participants, each Vimmi word appeared in
the translation equivalent condition, the unrelated condition, and the related

condition.

Procedure

Participants were tested individually. They first performed a familiarization

task, after which the L2 vocabulary-learning task was presented. Finally, they
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performed the translation recognition task. The complete experiment lasted

approximately 2 hours.

In the familiarization phase, the participants received 60 trials randomly presented
with a picture and its Spanish name. On each trial, a picture was presented in the
centre of the screen with its Spanish name below. The average size of the pictures was
7 x 7 cm. The words were presented in black color (Courier New, bold font, 18 point
size). The stimulus remained on the screen until the participants pressed the space bar
to continue with the next picture and Spanish words. The participants were instructed
to view each picture and its more common name in Spanish and to press the space bar

any time they wished to see another picture.

In the L2 vocabulary-learning phase, the task began with the message “word
learning”. Afterwards, participants pressed the space bar and, 500 ms later the stimuli
to be learned were presented. During semantic training, a picture appeared in the
centre of the screen (7 x 7 cm average size) and the Vimmi word below (Courier New,
bold font, 18 point size). During lexical training the Spanish word and the Vimmi words
were presented one above the other (Courier New, bold font, 18 point size). The
stimulus to be learned remained on the screen for 4000 ms and 500 ms later, the next
stimulus appeared. After the presentation of 6 stimuli, “practice new learned words”
appeared on the screen, the participants pressed the space bar to continue and 500
ms later they performed the practice task. In semantic training, a category name was
presented in capital letters for 750 ms, and a Vimmi word appeared in the center of
the screen 250 ms later until the participant made a response. Participants pressed the
Z and M key to indicate whether or not the Vimmi word denoted an exemplar of the
category previously presented. Whether the Z and M keys were assigned to “yes” and
“no” responses was counterbalanced across participants. The practice task in lexical
learning consisted of the presentation of a grapheme in the center of the screen for
750 ms. Following a 250 ms delay, a Vimmi word was presented until the participants
made a response. Participants had to indicate by pressing the Z and M keys whether
the Spanish translation of the Vimmi word contained the grapheme previously
presented. Whether the Z and M keys were assigned to “yes” and “no” responses was

counterbalanced across participants.
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The translation recognition task began with the presentation of a fixation point
for 1000 ms. After this, a Vimmi word was presented for 250 ms. Following a 250 ms
delay, a Spanish word was presented for 500 ms followed by a blank screen for 2000
ms. Participants were instructed to indicate by pressing the Z and M key whether or
not the Vimmi word and Spanish word were translation equivalents. Whether the Z
and M keys were assigned to “yes” and “no” responses was counterbalanced across

participants.

RESULTS

Firstly, we report the results obtained from the L2 lexical training and L2
semantic training tasks, followed by the results found in the translation recognition

task.

Performance on the L2 lexical and semantic training tasks

Correct responses on the L2 lexical training and L2 semantic training tasks were
65.41% (SD = 19.61) and 79.03% (SD = 20.34), respectively. The reaction times (RTs)
associated with correct responses on the training tasks were trimmed following the
procedure described by Tabachnick, Fidell, and Osterlind (2001) to eliminate univariate
outliers. Raw scores were converted to standard scores (z-scores). Data points that
after standardization were 3 SD outside the normal distribution were considered
outliers. After removing outliers from the distribution, z-scores were calculated again.
The filter was applied in recursive cycles until no observations fell outside 3 SD. The
data excluded from the L2 lexical and semantic training tasks was 4.64% and 6.43%,
respectively. We conducted an analysis of variance (ANOVA) on RTs and accuracy rates
with type of L2 training (semantic training, lexical training) as a between-participant
factor and training block (10 levels, from the first block to the last block of training) as

a within-participants variable.

The latency analyses revealed a main effect of type of training, F(1, 28) = 17.03,

p <.001, nz = .38. RTs were slower on the semantic training trials (1,961 ms, SE = 101)

relative to the lexical training trials (1,369 ms, SE = 101). The main effect of training

block was also significant, F(9, 252) = 16.31, p < .001, n2 = .37. Response times were

faster at the end of the training (1,362 ms, SE = 63) relative to the beginning of the
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training (1,977 ms, SE = 113). In addition, the interaction between Type of training x
Training block was significant, F(9, 252) =2.22, p =.02, nz =.07. There were differences
across blocks for the lexical training, F(9, 126) = 9.42, p < .001, nz = .40, with faster
responses in Block 10 (1,541 ms, SE = 90) relative to Block 1 (2,361 ms, SE = 160). The
differences between blocks were also significant for the semantic training, F(9, 126) =
8.66, p < .001, /72 =.38. RTs were faster in Block 10 (1,184, SE = 90) relative to Block 1
(1,593 ms, SE = 160). Thus, the lexical and semantic training speeded up the
participants’ responses; however, the difference on RTs between Block 1 and Block 10
was larger for the lexical training (820 ms) relative to the semantic training (408 ms)

(see Figure 11).

The accuracy analyses revealed a significant main effect of type of training, F(1,
28) =3.97, p = .05, nz =.12. Participants committed more correct responses during L2
semantic training (79.06%, SE = 4.73), relative to the L2 lexical training (65.74%, SE =
4.73). The main effect of training block was also significant, F(9, 252) = 12.21, p < .001,
n* = .30. The percentage of correct responses was higher at the end of the training
(76.94%, SE = 3.75) relative to the beginning of the training (63.44, SE = 2.36). The Type
of training x Training block interaction failed to reach significance, F < 1. The training
block effect was significant for the lexical training, F(9, 126) = 5.60, p < .001, n* = .28,
and the semantic training, F(9, 126) = 7.34, p < .001, 172 = .34. For the lexical training,
the difference in the percentage of correct responses between Block 10 (70.13%, SE =
5.31) and Block 1 (57.89%, SE = 3.33) was 12.24%. For the semantic training, the
difference in percentage of correct responses between Block 10 (83.75%, SE = 5.31)

and Block 1 (69.00%, SE = 3.33) was 14.75% (see Figure 11).

150



LATENCY

—e— L 2 Lexical training == L2 Semantic training
2600
2400
2200
2000

£ 1800 !

E

—o—

- IRERARARARAS

1000
1 2 3 4 5 6 7 8 9 10

BLOCK OF TRAINING

ACCURACY

—&— |2 Lexical training  ---L2 Semantic training

< 55

1 2 3 4 5 6 7 8 9 10
BLOCK OF TRAINING

Figure 11. Response times (RT in milliseconds) (upper graph) and percentage of correct responses (lower
graph) obtained in the L2 learning method (lexical and semantic) across blocks of training. Error bars
represent standard errors.

Translation recognition task

Incorrect responses made by participants given the L2 lexical training (24.11%)
and L2 semantic training (17.11%) were excluded from the latency analyses and
submitted to the accuracy analyses. RTs associated with correct responses were
trimmed as described in the performance on the L2 training. The percentage of

outliers was 1.89% for the L2 lexical training and 2.33% for the L2 semantic training.
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Firstly, we examined possible differences between participants due to the type
of training (lexical and semantic) when they responded to prime-target pairs that were
translation equivalents in Spanish and Vimmi (“yes” responses). The latency associated
with correct prime-target translations was similar in the lexical training (960 ms, SE =
48) and the semantic training (981 ms, SE = 48), F < 1. In addition, error rates to prime-
target translation equivalents did not differ in the lexical training (33.67%, SE = 4.53)
and the semantic training (22.00%, SE = 4.53), F(1, 28) = 3.31, p = .08, n* = .10.

Next, we considered responses associated with prime-target word pairs that
were not translation equivalents (“no” responses). The RTs and error rates to these
responses were subjected to an ANOVA with type of L2 training (lexical training or
semantic training) and prime-target relation (related or unrelated) as within-
participant factors. The type of training was not significant in the latency analysis, F <
1, or in the accuracy analyses, F(1, 28) = 1.11, p = .30, n° = .04. The prime-target
relation effect was marginal in the latency analyses, F(1, 28) = 3.30, p = .08, n° = .10,
and significant in the accuracy analyses, F(1, 28) = 8.82, p = .006, n° = .24. Finally, the
Type of training x Prime-target relation was not significant in the RT analyses, F(1, 28) =
1.82, p = .19, nz = .06, or in the error rates analyses, F(1, 28) = 1.17, p = .29, r)2 = .04.
Since we were interested in exploring possible differences in the translation
recognition task due to the type of training the participants received, we reported the

data obtained in each L2 training task separately.

The students in the L2 lexical training condition did not show a prime-target
relation effect in the latency analyses, F < 1. The RTs were similar in the related
condition (946 ms, SE = 47) and the unrelated condition (940 ms, SE = 49). Similarly,
participants given the lexical training did not show differences between error
percentages committed in the related condition (21.67%, SE = 4.23), and the unrelated
condition (17.00%, SE = 2.81), F(1, 28) = 1.78, p = .19, n* = .06. When students in the L2
semantic training were considered, the prime-target relation effect was significant,
F(1, 28) = 5.01, p = .03, n = .15. Slower responses were found in the related condition
(1,021 ms, SE = 47) relative to the unrelated condition (979 ms, SE = 49). In the
accuracy analyses, participants given the semantic training showed a higher

percentage of errors in the related condition (19.67%, SE = 4.23), relative to the
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unrelated condition (9.67%, SE = 2.81), F(1, 28) = 8.20, p = .008, n* = .22 (see Figure
12).

TRANSLATION RECOGNITION TASK
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Figure 12. Reaction times (RT in milliseconds, ms) (lines) and error percentages (bars) obtained in the
translation recognition task as a function of prime-target relation (related, unrelated) and L2 training
method (lexical, semantic). Error bars represent standard errors.

DISCUSSION

The goal of the current study was to evaluate whether adult L2 learners are
able to take advantage of a semantic training protocol to foster the connections
between concepts and L2 words. Previous research appears to indicate that this might
not occur because adult learners make use of lexical connections between their L1 and
the new language they intend to acquire (Chen, 1990; Chen and Leung, 1989).
However, the results found in the current study revealed that adult individuals are
sensitive to a learning method that promotes semantic analyses of the words to be

learned in a FL.

Two learning methods were compared in this report: lexical training and
semantic training. Both of these methods favored the acquisition of new words in L2.
When we considered the performance on the training tasks across blocks of learning,

we observed a continuous improvement in L2 acquisition with faster responses and
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higher accuracy at the end of the training relative to the beginning of the learning task.
At first glance, the type of learning would be irrelevant because this learning curve was
found regardless of the method used to acquire L2 words. Moreover, after the training
phase, the performance on the translation recognition task when the word pairs were
translation equivalents was similar in the two learning groups. However, we observed
a main effect of the learning method in the training task, which suggested that L2
learning was easier for individuals given the semantic training protocol in comparison
with those that received a lexical learning protocol. Thus, overall better performance
(faster responses, higher recall of words) was obtained with the use of a semantic

learning in comparison with lexical learning.

The critical pattern of results found in this study lies in the outcomes of the
translation recognition task after finishing the learning of L2 words. When adult L2
learners had to decide whether Vimmi-Spanish word pairs were correct translations,
we found slower responses and reduced accuracy when these word pairs were
incorrect translations but were semantically related (e.g., boreda-caballo, boreda
meaning donkey in Vimmi and caballo meaning horse in Spanish). However, this
semantic interference effect was observed only in learners that received the semantic

training protocol.

The semantic interference effect clearly suggests that individuals have formed
connections between the semantic systems and the newly acquired words in L2. Thus,
when Vimmi words were shown (boreda = donkey), L2 learners activated their
meaning (e.g., donkey) as well as related concepts (e.g., horse). Therefore, conflict
emerged when the subsequent L1 word was incorrect (caballo = horse) but

semantically related to the correct translation.

As we have described in the introduction section, the semantic interference
effect in the translation recognition task is usually observed in expert bilinguals (De
Groot & Poot, 1997; Frenck-Mestre & Prince, 1997; Potter et al., 1984; Talamas et al.,
1999), so this effect can be regarded as a good marker of what fluent bilinguals do, and
in particular it suggests that they make use of direct connections between L2 words
and the conceptual system. Therefore, learning protocols that favor the establishment

of these connections used by fluent bilinguals would be of interest in early stages of L2
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learning. The sematic protocol used in the current study appears to be a good

candidate.

Previous studies, conducted primarily with children, have also revealed the
benefits associated with semantic mediated methods of L2 learning (Barcroft, 2002;
Wimer & Lambert, 1959); such as the use of pictures denoting the meaning of L2
words (e.g., the picture association method, Finkbeiner & Nicol, 2003) or methods
based on imagining the meaning of words to be learned in a FL (Ellis & Beaton, 1993;
Wang & Thomas, 1995). However, adult learners of L2 seem to be less sensitive to
semantic processing when acquiring L2 vocabulary later in life (Chen, 1990; Chen &
Leung, 1989). To illustrate, Silverberg and Samuel (2004) evaluated the semantic
priming effect across languages of Spanish (L1) — English (L2) bilinguals who acquired
their L2 before or after the age of 7 (early and late bilinguals, respectively). In a lexical
decision task, early bilinguals showed a semantic priming effect when the L1 word
(e.g., tornillo, meaning screw in Spanish) was preceded by a semantically related L2
word (e.g., nail). However, late bilinguals did not show this semantic priming effect
even when they were as proficient as early bilinguals in L2. Thus, late L2 learners were
not affected by semantic variables during the learning of L2 words. However, the
current study demonstrates that the lack of sensitivity to semantic processing in late
L2 learners can be overcome with the use of a training method that promotes
conceptual analyses of the words to be acquired (e.g., the semantic categorization task

with new acquired L2 words used in the present study).

One factor that appears to promote adult L2 acquisition is the immersion
environment. There is limited but encouraging evidence supporting the idea that
studying abroad may enhance the learning process (e.g., Freed, 1995, Genesee, 1987).
For instance, Freed, Dewey, Segalowitz, and Halter (2004) compared the acquisition of
L2 (French) in a different learning context including a formal language classroom and
an intensive summer immersion program. The results revealed that the immersion
group made significant gains in oral performance, rate of speech, and speech fluency.
Moreover, the learning context seems to determine the links that learners form
between L2 words, L1 words, and semantic information. To be more specific, it has

been suggested that a formal instruction setting might favor the attachment of new L2
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words to previously acquired L1 words (lexical route). In contrast, an immersion
environment would foster the establishment of direct connections between L2 words
and concepts (semantic route) (e.g., Kroll et al., 1998). However, not all adult learners
can attain L2 vocabulary acquisition through an immersion program nor can they enjoy
a stay in an L2 speaking country. Nevertheless, the results found with the semantic
training paradigm used in this study seems to suggests that even adults learning L2
words in a formal instruction setting can establish connections between L2 lexical

forms and the conceptual system.

The results found in our report have implications for evaluating teaching
methods used to acquire vocabulary in a L2. Research on effective L2 teaching (e.g.,
Myles, Hooper, & Mitchel, 1998) has usually focused on process-product studies where
the efficiency of instructional methods is measured with quantitative data (e.g., overall
scores obtained by the learners in L2 vocabulary tests). However, these general
measures might not capture cognitive development associated with L2 vocabulary
acquisition. In fact, in our study, individuals given the lexical learning protocol obtained
the same overall percentage of responses to correct translations to those learners
given the semantic method. However, only the semantic group showed the profile
found in expert bilinguals i.e. the semantic interference effect that is indicative of the
formation of strong connections between the semantic system and the new words
acquired in their L2. Therefore, more fine-grained analyses are required to determine
whether the method used to teach L2 vocabulary learning favors the acquisition of the

cognitive functioning used by fluent bilinguals.
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Experiment 5. The Way in which Foreign Words
are Learned Determines Their Use in Isolation

and within Sentences

We compared two learning methods for the acquisition of vocabulary in a L2. In
addition, the use of the new L2 words was evaluated both in isolation and within
sentences. In the semantic method, L2 words and pictures denoting their meanings
were presented and participants learned by practicing a semantic categorization task
(to indicate whether new words were exemplars of semantic categories). In the lexical
methods, individuals received L1-L2 word pairs and they performed a letter-monitoring
task (to indicate whether L1-L2 words contained a grapheme). After training, compared
with the lexical learning group, the semantic learning group showed: (a) no cost
between training sessions, (b) better performance in out-of-context tasks (e.g., picture
naming), and (c) an efficient processing of L2 words in sentences. The pattern of
outcomes shows the advantage of semantic learning for the acquisition and the use of

L2 words in isolation and within sentences.

This study has been accepted for publication as Garcia-Gamez, A. B., & Macizo, P.
(2019). The way in which foreign words are learned determines their use in isolation
and within sentences. Journal of Experimental Psychology: Learning, Memory and
Cognition. Advance online publication. doi: 10.1037/xIm0000721
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INTRODUCTION

Bilingualism is very common and much more the rule than the exception in
most places. It is estimated that around two-thirds of the people in the world are
bilinguals (Crystal, 2003). However, it is also true that not everyone speaks a L2.
Studies on the acquisition of L2 in childhood and adulthood are, therefore, of
particular interest. It would be desirable to implement learning methods that are
theoretically based and supported by scientific studies to demonstrate their

effectiveness in L2 acquisition.

Early methods of L2 vocabulary acquisition used a word association approach
that fostered the establishment of connections between newly acquired L2 words and
their translation equivalents in the L1. For example, in the keyword method (Atkinson
& Raugh, 1975; Raugh & Atkinson, 1975), a L1 word that sounds like some part of a L2
word is used in the learning process (the keyword). Firstly, learners have to associate
the spoken foreign word with the keyword and, afterwards, to associate the keyword
with the L1 translation of the word that has to be learned in L2. Previous research has
proven the efficacy of these methods for early stages of L2 learning due to the
establishment of lexical connections between L1 and L2 (Atkinson, 1975). However,
when fluent bilinguals want to express themselves in L2, the best route of processing
would be the direct access to L2 words from their concepts. The use of between-
language lexical connections and the retrieval of L1 words would be an unnecessary

step when bilinguals communicate in L2.

One of the most influential models of L2 vocabulary acquisition reflects these
thoughts, the RHM (Kroll & Stewart, 1994). In this model, L2 words are linked to L1
words and concepts. At the beginning of L2 processing, L1 translation equivalents
mediate the access to meaning. In contrast, at later stages of L2 development, direct
connections between L2 words and concepts become possible. Evidence in favor of
increased semantic processing in fluent bilinguals relative to L2 learners comes from
studies concerning the processing of words out of context. For instance, in a
translation recognition task, L2 learners take more time to reject pairs of L2-L1 words

as a correct translation when the L1 word and the correct L1 translation are similar in
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form (e.g., man-hambre; hambre means hungry and hombre means man in Spanish).
On the contrary, fluent bilinguals experience a semantic interference effect with worse
performance on L2-L1 word pairs that are incorrect translations but related in meaning
(e.g., man-mujer; mujer means woman in Spanish) than on unrelated word pairs
(Talamas et al., 1999). However, empirical evidence demonstrates that L2 word-to-
concept links might be available for L2 learners at an earlier point in their L2
acquisition than previously assumed (Sunderman & Kroll, 2006). Thus, it would be
relevant to search for learning protocols that favour the early development of

connections between concepts and L2 words.

Previous research has confirmed that the acquisition of connections between
concepts and L2 words is fostered by the use of training protocols that involve
semantic processing (Barcroft, 2002; Comesafia et al., 2012; De Groot & Poot, 1997;
Finkbeiner & Nicol, 2003; Kroll et al., 1998; Poarch et al., 2014; Wimer & Lambert,
1959). To illustrate, the presentation of L2 words with pictures denoting their
meanings (picture association method, Finkbeiner & Nicol, 2003) favours the learning
process relative to the learning of L2 words presented with their translations in L1

(Altarriba & Mathis, 1997; Lotto & De Groot, 1998; Van Hell & Candia-Mahn, 1997).

Evidence about the superiority of semantic vs. lexical L2 learning methods for
establishing connections between concepts and L2 words has been gathered in studies
concerned with the processing of isolated words (e.g., translation recognition task,
translation task, etc.) (Comesaiia et al., 2009; Comesaiia et al., 2012; Poarch et al.,
2014; Tonzar et al., 2009). To illustrate, Poarch et al. (2014, Experiment 1) evaluated a
group of Dutch (L1) participants who were L2 learners of English in contexts enriched
by pictures and listening/speaking exercises. The learners showed a semantic
interference effect in the translation recognition task similar to that found in fluent
bilinguals (Talamas et al., 1999), suggesting that they were able to exploit conceptual

information during L2 processing and map L2 words to concepts.

To the best of our knowledge, studies comparing semantic vs. lexical learning
methods have evaluated L2 acquisition through out-of-context word processing tasks.
However, studies conducted with both monolinguals and bilinguals have shown that

sentence context modulates single word processing. For example, in
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electrophysiological studies conducted with monolingual speakers, it is observed that
sentence comprehension depends on the lexical properties of the words in the
sentence (e.g., lexical frequency, word length, etc.). However, the expectation of an
upcoming word within a sentence (cloze probability or semantic constraint) overrides
the influence of these lexical factors when the words are highly predicted by the

sentence context (Khachatryan et al., 2014; Van Petten et al., 1999).

Studies with bilingual individuals have also found that word processing within
sentences may differ from processing words in isolation. Specifically, a large number of
studies have shown that bilinguals activate their L1 when they process L2 words. This
non-selective activation of words across the bilinguals’ languages depends on several
factors (such as the type of words to be processed or the fluency of bilinguals in their
two languages). However, generally speaking, between-language co-activation has
been found across a wide variety of tasks when individuals process out-of-context
words (e.g., picture naming, lexical decision, and translation tasks) (Cristoffanini et al.,
1986; De Groot & Nas, 1991; Dijkstra et al., 1999; Dijkstra et al., 1998; Dijkstra & Van
Heuven, 2002; Lalor & Kirsner, 2001). Moreover, this non-selective activation reflects
the use of L1-L2 lexical connections. For instance, words that share lexical overlap
across languages (e.g., cognate words such as tren, meaning train in Spanish) relative
to control words without L1-L2 lexical overlap facilitate performance on single word
processing tasks. However, non-selective activation is attenuated when bilinguals
process words in a sentence context (see Van Assche et al., 2016; Lauro & Schwartz,
2017, for reviews). For instance, Schwartz and Kroll (2006) considered the processing
of cognate words as an index of the use of L2-L1 lexical connections. The authors
observed cross-language facilitation when Spanish (L1) — English (L2) bilinguals
processed cognate words (e.g., the word piano, meaning the same in Spanish and
English) in low semantic constraint sentences (e.g., when we entered the dining hall we
saw the piano...) but not in high semantic constraint sentences (e.g., before playing,
the composer first wiped the key of the piano...). Thus, these studies suggest that the
use of L2-L1 connections is affected by the semantic constraint of sentences because
an effect associated to between-language lexical connections (cognate facilitation) is

observed in low predictability sentences but not in high predictability sentences
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(although see, Van Assche et al., 2011; Libben & Titone, 2009; Pivneva et al., 2014;

Titone et al., 2011, for cognate facilitation in both low- and high-constraint sentences).

In our study, to examine the use of L2-concepts vs. L2-L1 lexical connections in
sentence reading, we evaluated the extent to which L2 vocabulary learners are able to
use semantic context to anticipate upcoming L2 words during language
comprehension. Previous studies have shown that bilinguals are able to use the
context to predict the arrival of new words within a sentence. To illustrate, Foucart et
al., (2014) evaluated monolingual and bilingual individuals during the reading of highly
constrained sentences that might end with an expected word or not. All participants
were sensitive to word expectation, indicating that bilinguals could use semantic

context to anticipate upcoming words during reading.

The current study

Previous studies have shown that in learners of a FL, the type of L2 training
modulates the establishment of connections between L1 words, L2 words, and the
semantic system. On the one hand, training protocols based on lexical processing (e.g.,
word association method) favour lexical connections between L1 and L2 words. On the
other hand, training protocols based on semantic processing (e.g., picture association
method) promote the connections between the words in L2 and the semantic system.
This dissociation has been confirmed following L2 training, when learners are
evaluated in out-of-context tasks (Comesana et al., 2012; De Groot & Poot, 1997;

Finkbeiner & Nicol, 2003).

The aim of the current study was to examine if L2 training based on semantic
vs. lexical processing of the material fosters the use of concept-L2 word connections
when participants process L2 words in isolation and in linguistically rich contexts
(sentences). Although previous studies have shown that fluent bilinguals primarily use
the L2-concept connections (Talamas et al., 1999), it may not necessarily be true that
adults learning a new language should "skip over" the L2-L1 links. In fact, in fluent
bilinguals, L2-L1 connections are functional (e.g., cross-language activation persists for
highly proficient bilinguals, Hoshino & Kroll, 2008). Furthermore, recent studies show

that fluent bilinguals can learn new vocabulary via the L1 or dominant language by
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efficiently using regulatory skills that would benefit learning (Bogulski et al., 2018). The
objective of this study was to demonstrate that semantic vs. lexical training would

maximize the use of direct L2-concept connections.

As far as we know, studies comparing semantic vs. lexical learning methods
have only been conducted using out-of-context tasks (Comesafa, Soares, & Lima,
2010; Comesana et al., 2012; Poarch et al., 2014). Therefore, the current study
explored for the first time the consequences of learning L2 words with lexical and
semantic training methodologies in sentences. To address this issue, speakers of
Spanish (L1) learned words in Vimmi (L2), an artificial language that has the advantage
of controlling for several linguistic variables such as word length, familiarity of L2
words, and phonotactic factors (Jalbert et al., 2011). Two learning methods were
compared. Participants undergoing semantic training were presented with L2 words
and pictures denoting their meaning. In addition, they practiced with a categorization
task in which they had to decide whether L2 words were exemplars of a semantic
category. On the other hand, participants undergoing the lexical training were
presented with L2 words and their L1 translations. Furthermore, they practiced with a
grapheme-monitoring task in which they were asked to decide whether a grapheme

present in a L2 word was part of the L1 translation (see Figure 13).

In our study, participants learned 60 words on two consecutive days. This two-
day design was selected for two reasons. Firstly, to avoid the negative effect that
cognitive fatigue has on the evaluation of performance after a single training session
(Schwid et al.,, 2003). Secondly, to evaluate the possible effect that the interval
between training and testing can produce in the learning process (e.g., a time delay
between training sessions can produce both costs and benefits in the acquisition

process, Rickard, 2007).

After training, participants performed several evaluation tasks in which the new
words learned in L2 were presented in isolation and in context. The out-of-context
tasks were a lexical decision task, a picture- naming task in L1 and L2, and a translation
task from L1 to L2 and vice versa. These tasks have been previously used to evaluate
single word processing in L2 (e.g., Caramazza & Brones, 1979; Lemhofer & Dijkstra,

2004). The task that involved L2 words in context was a sentence-processing task in
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which participants read sentences in L1 that ended with a L2 word that was highly or
poorly predicted by the sentence context (see Beatty-Martinez & Dussias, 2017;
Moreno et al., 2002; Proverbio, Leoni, & Zani, 2004, for a similar between-language

procedure).

Predictions about the processing of L2 words in sentences were grounded in
studies on the modulatory role of the context in the use of L1-L2 lexical connections
(e.g., Foucart et al., 2014; Schwartz & Kroll, 2006). As mentioned above, according to
these studies, fluent bilinguals are able to make use of semantic context to anticipate
upcoming words within sentences (e.g., Foucart et al., 2014). In our study, we
hypothesized that L2 learners undergoing semantic training would more easily process
L2 words in highly predictable sentences than in sentences of low predictability
because highly predictable sentences would maximize the use of connections already
practiced by these learners during training, that is, the connections between semantic
information and L2 words. On the contrary, the predictability effect would be
attenuated in the case of L2 learners undergoing lexical training because they would

preferably use L1-L2 connections already practiced during the training phase.

METHOD

Participants

Forty students from the University of Granada participated in the study for
course credits. They gave informed consent before performing the experiment. The
study was approved by the ethical committee at the University of Granada. The
participants reported no history of language disabilities and they had normal or
corrected-to-normal visual acuity. All students were native speakers of Spanish. In
order to control the possible effect that the linguistic experience of the participants in
other languages could have on the learning of vocabulary, the inclusion criteria for
participating in the study was that the students were monolingual speakers of Spanish,

with no or reduced contact and/or formal education in other languages.

To avoid between-groups baseline differences, participants were randomly
assigned to the lexical or semantic training. Twenty participants were assigned to the

L2 lexical training (13 women, 7 men) and twenty students performed the L2 semantic
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training (17 women, 3 men). The mean age of the participants was equated in the L2
lexical training (M = 21.32 years, SD = 2.02), and the L2 semantic training (M = 21.10
years, SD = 1.84). The number of left/right-handed participants was also equated in the

L2 lexical training and the L2 semantic training (2/20 and 2/20, respectively).

No previous measures were collected regarding linguistic ability of participants
in L1 (e.g., lexical access). However, in order to ensure that the learners in the
semantic and lexical training were matched in L1 skills, different post-test analyses
were conducted. The result of these analyses revealed a similar performance of the

two groups in word reading, lexical decision and picture naming in L1.

To ensure that the learners in the semantic and lexical training were matched in
L1 skills, different post-test analyses were conducted. First, with regard to
comprehension processes, we considered the performance of the participants in the
lexical decision task with the set of new words in Spanish that were not practiced
during the training. There was no difference between the lexical group (M = 628 ms,
SD = 50) and the semantic group (M = 611 ms, SD = 57) when they processed these L1
words, t(38) = 1.00, p = .32. Second, the reading times of the first four words (L1
Spanish words) of the sentences used in the sentence-processing task were analyzed.
The lexical and semantic group revealed similar reading times for the first word (M =
389 ms, SD = 82, and M = 410 ms, SD = 97, respectively), t(38) = 0.74, p = .47, the
second word (M = 295 ms, SD = 50, and M = 295 ms, SD = 67, respectively), t(38) =
0.00, p = .99, the third word (M = 276 ms, SD = 51, and M = 290 ms, SD = 66,
respectively), t(38) = 0.75, p = .46, and the fourth word (M = 288 ms, SD = 51, and M =
310 ms, SD = 71, respectively), t(38) = 1.14, p = .26. Third, regarding language
production in L1, the picture naming task did not reveal between-groups differences
when participants named the pictures in L1 (F < 1). Taken together, these analyses

suggest that participants were matched in L1 linguistic skills.

Design and Materials

In the current study, participants learned a set of 60 Spanish (L1) - Vimmi (L2)
words. The Vimmi words were Spanish pseudowords with legal orthography and
phonology in accordance with the constraints of the Spanish language. The L2

vocabulary learning involved two training sessions conducted on two consecutive days.
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In addition, a set of tasks was selected to evaluate the learning of L2 words, a lexical

decision task, a picture-naming task, a translation task and sentence processing task.

L2 vocabulary learning tasks. Two L2 training methods were used. Half of the
participants were subjected to a lexical training schedule and the remaining half of
participants performed the semantic training. When the L2 training phase was
considered, a 2 x 20 mixed design was used with type of L2 training (semantic training,
lexical training) as a between-participants factor and block of training (20 levels, from
the first block to the last block of training) as a within-participants variable. In order to
control several linguistic variables, Spanish words from six semantic categories were
chosen (Battig & Montague, 1969; Moreno-Martinez et al., 2014) three categories
were from the living domain (four-footed animals, body-parts, fruits) and three from
the non-living domain (kitchen utensils, musical instruments, vehicles). Within each
semantic category, ten words were selected. Hence, the total amount of words to be
learned was 60. In addition, for each word, a picture denoting its concept was selected
(Pérez & Navaldn, 2003; Snodgrass & Vanderwart, 1980). Each Spanish word and its
corresponding picture were randomly paired with a Vimmi word. Table 7 lists the
lexical characteristics of Spanish words taken from Cuetos et al. (2011), and Pérez and
Navalén (2003) (length, word frequency, orthographic neighbourhood, age of
acquisition, familiarity, manipulability, typicality, imageability, and concreteness of
words), lexical properties of Vimmi words (length, orthographic neighbourhood, and
shared graphemes with the Spanish words) and visual properties of pictures taken
from Pérez and Navaldon (visual complexity of pictures, image agreement, image
variability, and picture-name agreement). The complete set of stimuli is presented in

Appendix 2.

Table 7. Characteristics of the Stimuli Used in the Study

Mean SD

Spanish words

Length 5.68 1.71
Frequency 38.90 61.80
Orthographic neighbourhood 3.36 5.00
AoA 2.47 0.74
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Word familiarity 4.16 2.89

Word manipulability 3.36 0.97
Word typicality 4.50 0.47
Word imageability 4.00 2.98
Word concreteness 4.10 2.86

Vimmi words

Length 5.66 1.45
Orthographic neighbourhood 1.11 2.24
Shared graphemes 2.11 0.97
Shared graphemes (positional)  0.50 0.67
Pictures
Visual complexity 2.59 0.82
Image agreement 3.94 0.51
Image variability 2.38 0.67
Picture-name agreement 88.2 15.0

Note. Lexical characteristics of words and visual properties of pictures used in the study. Length:
Number of graphemes of the word. Frequency: Spanish word frequency per one million words.
Orthographic neighbourhood: Number of words that can be formed by substituting a single letter at any
of the letter positions within the string. Age of Acquisition: the estimated age at which a word is
acquired on a 7-point rating scale (0-2, 3-4, 5-6, 7-8, 9-10, 11-12, and 13 years or more). Word
familiarity: the degree to which the concept denoted by the word is encountered in real life on a 5-point
scale (1 = very unfamiliar, 5 = very familiar). Word manipulability: degree to which use of the human
hand is necessary for the object denoted by the word to perform its function on a 5-point scale (1 = low
manipulability, 5 = high manipulability). Word typicality: degree to which a concept denoted by a word is
a representative exemplar of its category on a 5-point scale (1 = least typical, 5 = most typical). Word
imageability: how easy it is for a word to arouse mental images on a 7-point scale (1 = low imageability,
7 = high imageability). Word concreteness: the degree to which the concept denoted by a word refers to
a perceptible entity on a 7-point scale (1 = low concreteness, 1 = high concreteness). Visual complexity:
of the pictures on a 5-point scale (1 = drawing very simple, 5 = drawing very complex). Image
agreement: the degree to which the picture is similar to the real object depicted in the drawing on a 5-
point scale (1 = low agreement, 5 = high agreement). Image variability: whether the name of the object
evokes few or many different images on a 5-point scale (1 = few images, 5 = many images). Picture-
name agreement: how close the picture matches the name given to the object in percentages (higher
values, higher match).

The 60 Spanish-Vimmi words were randomly grouped into 10 learning sets of 6
words. On each trial of semantic training, a picture denoting the meaning of the
Spanish word (e.g., pldtano, banana in Spanish) and its Vimmi translation were
presented on the screen (e.g., raone). After presenting a set of 6 picture-Vimmi words,

participants performed a practice task with these Vimmi words. A category name was
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presented (e.g., fruit) followed by a Vimmi word (e.g., raone) and participants had to
indicate whether or not the word denoted an exemplar of the category previously
presented (“yes” in the pldtano-raone pair). Within each set, participants received six
trials; on half of the trials the Vimmi word was an exemplar of the semantic category
and on the remaining trials it was not. Across the entire task, there were the same
number of “yes” and “no” responses in each of the six semantic categories. In addition,

across participants, all Vimmi words were assigned to the “yes” and “no” responses.

During lexical training, for each trial, a Spanish word and its Vimmi translation
were presented on the screen (e.g., pldtano and raone). After presenting 6 Spanish-
Vimmi word pairs, participants completed a practice task with these Vimmi words. A
grapheme was presented (e.g., n) followed by a Vimmi word that contained it (e.g.,
raone) and participants had to indicate whether this grapheme was also present in the
Spanish translation of the Vimmi word (“yes” in the platano-raone pair). Each
grapheme was one letter randomly selected from each Vimmi word. On half of the
trials, this grapheme was presented in the Spanish translation and on the remaining
half of trials it was not. Across the task, half of the letters were vowels and the
remaining graphemes were consonants. Across participants, all graphemes were

assigned to “yes” and “no” responses.

Participants were randomly divided into two training groups so they only
learned with the semantic or the lexical training. All participants performed twenty
blocks with the learning and practice tasks described above. In each block, the 60
Vimmi words to be learned were presented once. A previous study conducted in our
lab (Garcia-Gamez & Macizo, 2019) revealed that 12 exposures to 40 Spanish-Vimmi
word pairs produced 64% mean accuracy rate at the end of the L2 vocabulary learning
phase. Although in this study we used a different methodology, the number of words
to learn was higher (60 L2 words). Thus, with the aim of increasing the final learning
rate, in the current study, the training involved a total of 20 exposures to each L2 word
and the total amount of trials was 1200. The L2 learning task took place over two
consecutive days: Blocks from 1 to 10 were administered on the first learning session

(day 1) and blocks from 11 to 20 on the second learning session (day 2).
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In the L2 vocabulary learning phase, the task started with the message “word
learning”. Afterwards, participants pressed the space bar and 500 ms later, the stimuli
to be learned were presented. In the semantic training, a picture appeared in the
middle of the screen (7 x 7 cm average size) and the Vimmi word below (Courier New,
bold font, 18 point size). In the lexical training, the Spanish and the Vimmi words were
presented one above the other (Courier New, bold font, and 18 point size). The
stimulus to be learned remained on the screen for 4000 ms and 500 ms later, the next
stimulus appeared. After the presentation of 6 stimuli, the message “practice new
learned words” appeared on the screen, participants pressed the space bar to
continue and 500 ms later, they performed the practice task. During semantic training,
a category name was presented in capital letters for 750 ms. After 250 ms, a Vimmi
word then appeared in the middle of the screen until the participant responded.
Participants pressed the Z and M key to indicate whether or not the Vimmi word
denoted an exemplar of the category previously presented. The practice task in lexical
learning consisted of the presentation of a grapheme in the middle of the screen for
750 ms. Following a 250 ms delay, a Vimmi word was presented until the participant
responded. Participants had to indicate by pressing the Z and M keys whether the
Spanish translation of the Vimmi word contained the grapheme previously presented.
In the training tasks (semantic learning and lexical learning), the assignment of Zand M
keys to “yes” and “no” responses was counterbalanced across participants. However, a
participant always received the same assignment of response keys for all tasks
requiring response decision (training task and lexical decision task). In the L2
vocabulary learning phase, the participants did not receive feedback on their

responses (see Figure 13).
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Figure 13. Description of the L2 (second language) vocabulary learning methods used in the current
study.

Lexical decision task. In this task participants received stimuli (sequence of
graphemes) and they had to indicate whether they were legal words or pseudo-words
regardless of the language (Spanish or Vimmi). On each trial, a fixation point was
presented for 300 ms, followed by a stimulus (word or pseudoword, Courier New, 18
point size, black font, white background), which remained on the screen until the
participant’s response. The interval between trials was 1000 ms. Response keys were
M and Z on the keyboard. The assignment of the M/Z key to word/pseudoword was
counterbalanced across participants. The main goal of the lexical decision task was to
study how participants processed the trained words. Thus, the set of stimuli was
composed of the 60 trained Spanish words (e.g., cuchara) and 60 trained Vimmi words
(e.g., lofuse). In addition, other conditions were introduced to control different factors
that could influence the performance of the task. With the aim that the “yes”
responses (word trials) did not always correspond to previously practiced words, a new
set of 60 untrained Spanish words (e.g., mufeca) was selected from the same semantic

categories used to select the words in the training task. The set of trained and
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untrained Spanish words were equated in terms of lexical variables (Davis & Perea,
2005), frequency (trained words, M = 33.22, SD = 69.09; untrained words, M = 21.29,
SD=41.99, t(118) = 1.14, p = .26), length (trained words, M = 5.68, SD = 1.71, untrained
words, M = 5.95, SD= 1.56, t(118) = .89, p = .37), orthographic neighbourhood (trained
words, M = 4.07, SD = 5.38, untrained words, M = 4.02, SD = 5.16, t(118) = .05, p = .96),
familiarity (trained words, M = 4.58, SD = 2.71, untrained words, M = 3.69, SD = 2.89,
t(118) = 1.74, p = .08), imageability (trained words, M = 4.43, SD = 2.83, untrained
words, M =3.79, SD = 2.94, t(118) = 1.21, p = .23), and concreteness (trained words, M
=4.51, SD = 2.67, untrained words, M = 3.79, SD = 2.94, t(118) = 1.40, p = .16). A set of
60 untrained Vimmi words was also selected (e.g., wefino) and equated with the
trained Vimmi words in terms of the following lexical factors: length (trained words, M
= 5.67, SD =1.46, untrained words, M = 5.57, SD = .98, t(118) = .44, p = .66) and
orthographic neighbourhood (trained words, M = 1.12, SD = 2.24, untrained words, M
= 1.02, SD = 2.70, t(118) = .22, p = .82). These new Vimmi words functioned as
pseudowords for the participants as they were untrained words coming from an
artificial language. Furthermore, with the aim that not all the pseudowords came from
the Vimmi language, an additional set of 60 pseudowords derived from Spanish was
included. Therefore, the lexical decision task included 60% of "yes" trials and 40% of
"no" trials. Participants performed a total of 300 trials and the stimuli were presented

in random order.

Translation task. In this task the 60 Spanish-Vimmi word pairs learned in the L2
vocabulary-training phase were used. The 60 Spanish words were presented for
translation into Vimmi (forward translation) and the 60 Vimmi words were presented
for translation into Spanish (backward translation). The participants were not required
to pronounce the Vimmi words before the translation task. The order in which the two
translation tasks were presented was counterbalanced across participants. In addition,
the words within each translation task were presented in random order. On each trial,
a fixation point appeared for 1000 ms in the middle of the screen followed by the word
to be translated for 500 ms (Arial, 30 point size, black font, white background). A white
screen then remained until the participant’s response. Participants were required to

say aloud the translation of each word. Response latencies were collected using a

170



microphone ATR 20 with low impedance connected to a PST serial Response Box

(Schneider, 1995) and tape-recorded to eliminate trials with incorrect responses.

In this task, only correct responses were included in the analyses of the
reaction times (RTs). Data points were excluded from the RT analyses if: (a) the
participants produced nonverbal sounds that triggered the voice key, (b) the
participants stuttered or hesitated in producing the word, (c) the participants
produced something different than the required word. Some minor errors were
allowed and considered correct responses depending on the length of the correct L2
word to be produced: (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.

Naming task. Participants were presented with 60 pictures denoting the
meaning of the words learned in L2. These pictures were selected from the Snodgrass
and Vanderwart (1980) database. Participants performed the naming task in Spanish
and in Vimmi. The order in which they performed these naming tasks was
counterbalanced across participants. Within each naming task, the pictures were
presented in random order. On each trial, a fixation point was presented for 1000 ms,
after which the picture to be named (14 x 14 cm average size) appeared in the middle
of the screen, followed by a white screen that remained until the participant’s
response. Oral responses were tape-recorded to eliminate trials with incorrect
responses. The criteria for coding the correctness of the participants’ oral responses

were the same as those described in the translation task.

Sentence-processing task. In this task, participants received a set of sentences
and they had to indicate whether or not they were semantically plausible. The
sentences were presented with a mixed-language procedure, in which they appeared
in Spanish (the participants L1), except for the last word of the sentence, which
appeared in Vimmi (Beatty-Martinez & Dussias, 2017; Moreno et al., 2002; Proverbio

et al., 2004, for a similar between-language procedure).
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On each trial, a fixation point appeared until the participants pressed the space
bar to receive the sentence. The sentences were presented word-by-word (Courier
New, 18 point size, black font, white background) in the middle of the computer screen
(Just, Carpenter, & Woolley, 1982). Participants read the sentences at their own pace
by pressing the space bar every time they wanted to see the next word. After the
participants had finished reading a sentence, the message “i Tiene sentido?” (Does it
make sense?) appeared on the screen and they had to indicate whether or not the
sentence was semantically plausible by pressing the M and Z keys on the keyboard.
The assignment of the M/Z keys to yes/no responses was counterbalanced across
participants. The next sentence appeared after 1000 ms. The reading time to the last
word of the sentence (Vimmi word) was considered in the latency analysis, while the

response to the prompt “tiene sentido” was used to collect accuracy data.

The 60 Vimmi words learned in the L2 vocabulary-training phase were used as
the last word of the sentences. For each Vimmi word, two sentence contexts were
created. These contexts varied depending on the cloze probability (high or low) of the
last word (the degree to which the last word could be predicted by the sentence
context) (Altarriba, Kroll, Sholl, & Rayner, 1996; Green & Wei, 2014, 2016; Gunter,
Friederici, & Schriefers, 2000; Moreno et al., 2002; Staub, Grant, Astheimer, & Cohen,
2015). For example, for the Vimmi word ruzanego (knife in English) the highly
predictable sentence context was “A Pedro le costé mucho cortar el filete porque no
estaba bien afilado el...” (“Pedro had a hard time cutting the steak because it was not
sharp enough the...”, note that the syntactic structure of all sentences were correct in
Spanish); and the sentence context of low predictability was “Cuando llegaron al rio,
Pedro mird en su mochila y no encontro el...” (“When they arrived at the river, Pedro

looked in his backpack and did not find the...”).

The predictability of the sentences was determined in a pilot study in which a
cloze probability task was administered to 40 participants that did not participate in
the main experiment. Predictability is defined as the probability that a word is selected
as a sentence continuation in a cloze task (Taylor, 1953) (see Staub et al., 2015 for a
review). Thus, the participants performed a sentence completion task in which they

received a sentence context in Spanish without the last word of the sentence and they
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were required to complete the sentence with the first word that came to their mind.
Afterwards, we computed the percentage of participants that chose the trained word
to complete the sentence. The cloze probability of final words of low predictability was
8.41% (SE = 12.77) whilst this was 90.67% (SE = 12.84) for highly predictable final
words, F(1, 59) = 1158.53, p < .001, n* = .95. Thus, following several criteria, highly
predictable sentence contexts were associated with high cloze probability (67%-100%,
Block & Baldwin, 2010; 90% or above, Bloom & Fischler, 1980; 40% or higher, Coulson,
Urbach, & Kutas, 2006).

Once the sentence contexts of high and low predictability were created for
plausible sentences, these sentence contexts were recombined with the 60 Vimmi
words to create sentences of high and low predictability, and implausible sentences.
The implausible sentences were syntactically correct. In addition, the last word of the
sentence was grammatically correct but it was incongruent with the meaning of the
sentence context. For example, a high/low predictability implausible sentence was
“Pedro had a hard time cutting the steak because it was not sharp enough the
.../“When they arrived at the river, Pedro looked in his backpack and did not find the...”

finished with the word “boreda” meaning donkey in Vimmi.

In the sentence-processing task, each participant received 60 sentences, 15 in
the highly predictable plausible condition, 15 in the low predictability plausible
condition, 15 in the highly predictable implausible condition, and 15 in the low
predictability implausible condition. No participant ever received a Vimmi word or a
sentence context twice but across participants the 60 Vimmi words were assigned to
the four experimental conditions. Participants received the set of 60 sentences in

random order. The complete set of stimuli used in this task is provided in Appendix 3.

Procedure

The study was conducted over two consecutive days, with participants being
tested individually. E-prime experimental software was used for stimulus presentation
and data acquisition (Schneider et al.,, 2002). Firstly, participants performed a
familiarization task where all the pictures used in the experiment were presented

along with their Spanish names. In the familiarization phase, participants received 60
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trials randomly presented with a picture and its Spanish name. On each trial, a picture
was presented in the middle of the screen with its Spanish name below. The stimulus
remained on the screen until the participants pressed the space bar to continue with
the next picture and Spanish word. The participants were instructed to see each
picture and its more common name in Spanish and to press the space bar any time

they wanted to see another picture.

The familiarization task was presented at the beginning of the first training
session. After finishing this phase, the L2 vocabulary-learning task was introduced
(semantic or lexical training). After 24 hours, participants received a second training
session. After completing the L2 acquisition phase, participants took a 15-minute break
and they continued with the evaluation tasks in the following order: sentence
processing, lexical decision, translation, and naming). The first session lasted around 90

minutes and the second session approximately 150 minutes.

RESULTS

Firstly, we report the results obtained from the L2 lexical and semantic training
phases. Then, we continue with the results obtained in the four evaluation tasks.
Participants with less than 10% correct answers in any of the experimental tasks were
excluded from the analysis. Following this exclusion criteria, three participants were
removed in the naming task (one participant in the semantic training and two
participants in the lexical training) and four participants were removed in the
translation task (two participants in the semantic training and two participants in the

lexical training).

Signal detection measures comparing hit rates and false alarm rates
(discriminability, d') were also used to evaluate the type of training (lexical training,
semantic training) in all two-alternative force choice tasks. In the training task, there
was a tendency towards greater discriminability in the semantic group (d' = 2.61, SD =
1.18) compared to the lexical group (d' = 1.91, SD = 1.10), t(38) = 1.97, p = .06. This
result was in line with that obtained in the accuracy analyses with more correct
responses during L2 semantic training relative to L2 lexical training. In the lexical

decision task, discriminability values were similar in the semantic group (d' = 3.15, SD =
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.79) and the lexical group (d'=3.31, SD = .80), t(38) = 0.65, p = .52. This result was also
in line with that found in the accuracy analysis where the type of training effect was
not significant. Finally, in the sentence processing task, discriminability values did not
differ in the semantic training (d' = 2.99, SD = 1.25) and the lexical training (d' = 2.45,
SD = 1.49), t(38) = 1.23, p = .22. Now, the results obtained in each task are presented
separately.

Performance on the L2 lexical and semantic training phases. Correct responses
in the L2 lexical training and L2 semantic training phases were 80.43% (SE = 3.09) and
86.52% (SE = 2.94), respectively. The reaction times (RTs) associated with correct
responses in the training tasks were trimmed following the procedure described by
Tabachnick and Fidell (2001) to eliminate univariate outliers. Raw scores were
converted to standard scores (z-scores). Following standardization, any data points
that were 3 SD outside the normal distribution 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. The percentages of
data excluded from the L2 lexical and semantic training phases were 6.58% and
10.57%, respectively. We conducted an analysis of variance (ANOVA) on RTs and
accuracy rates with type of L2 training (semantic training, lexical training) as a
between-participants factor and block of training (20 levels, from the first block to the
last block of training) as a within-participants variable. When Greenhouse-Geisser
correction (Greenhouse & Geisser, 1959) for nonsphericity of variance was used in the

analyses, the pattern of results was the same as that reported in text.

The latency analyses revealed a significant effect of the type of training, F(1, 36)
= 6.69, p = .013, n® = .16. RTs were faster during semantic training (1064 ms, SE =
58.15) in comparison with lexical training (1282 ms, SE = 61.29). The main effect of
block of training was significant, F(19, 684) = 58.45, p < .001, n* = .61. In addition, the
Type of training x Block of training interaction was significant, F(19, 684) = 10.24, p <
.001, n? = .22.

In the lexical training phase, linear trend analysis was significant, F(19, 323) =
32.51, p < .001, n? = .65, with faster responses at the end of training (1016 ms, SE =

90.04) relative to the beginning of training (2134 ms, SE = 92.08). Linear trend analysis
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was also significant during semantic training, F(19, 361) = 29.71, p <.001, n* = .61, with
RTs being faster at the end of training (889 ms, SE = 36.32) relative to the beginning of
the training (1412 ms, SE = 31.48). Thus, the lexical and semantic training phases
speeded up the participants’ responses; however, the difference in RT between the
first and the last block was larger in the lexical training phase (1118 ms) compared with
semantic training (523 ms) (see Figure 14). Furthermore, there were differences
between the semantic training and the lexical training phases on the first block of the
learning phase (Block 1), F(1, 38) = 66.78, p < .001, nz = .63; however, no differences
were found between them at the end of training (block 20), F(1, 38) = 3.57, p = .07, n°
=.09.
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Figure 14. Response times (in milliseconds) and accuracy rates (in percentages) obtained in the L2
(second language) training (lexical training, semantic training) across blocks of training. Error bars
represents standard errors.

The accuracy analyses revealed a significant effect of type of training?, F(1, 37)

= 4.24, p = .046, n* = .10, but only during the first 6 blocks of training. Both types of

training revealed a ceiling effect from Block 11 thereafter, with correct scores of

around 90% and 85% in the semantic and lexical types of training, respectively.

Participants produced more correct responses during L2 semantic training (86.51%, SE
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= 2.94), relative to L2 lexical training (80.42%, SE = 3.10). The main effect of block of
training was significant, F(19, 684) = 17.24, p < .001, n* = .32. The Type of training x
Block of training interaction was not significant, F < 1. Linear trend analysis was
significant for lexical training, F(19, 323) = 6.93, p < .001, r]2 = .29, and semantic
training, F(19, 361) = 12.47, p < .001, n* = .40. Thus, there was a practice effect with
more correct responses at the end of the training relative to the beginning of the
learning process (see Figure 14). The semantic training and the lexical training groups
differed at the beginning of the learning phase (Block 1), F(1, 38) = 8.94, p = .005, n°* =
.19; however, the effect of type of training was not significant at the end of learning

(Block 20), F(1, 38) = 1.33, p = .26, n* = .03.

Importantly, we examined the possible effect of cost associated to the change
between learning sessions by comparing the performance of participants at the end of
the first day of training (Block 10) and the beginning of the second day of training
(Block 11). An ANOVA was conducted with type of training (semantic training, lexical
training) as a between-participants factor and training session (last block of first day,
first block of second day) as a within-participants variable. The interaction between
Type of training x Training session was significant F(1, 36) = 9.71, p = .003, nz = .21.
There were significant differences between training sessions for lexical training, F(1,
36) = 24.53, p < .001, nz = .41, but not for semantic training, F < 1. The difference in
response times between sessions was 421.8 ms for lexical training whilst this was
55.97 ms for semantic training. On the other hand, there were no differences between
the semantic and lexical training at the end of the first training session, F < 1; however,
at the beginning of the second training session, response times were slower in lexical
training (1443 ms, SE = 83.48) than semantic training (1047 ms, SE = 79.20), F(1, 36) =
11.84, p =.001, n* = .25.

In the accuracy analysis, the main effect of the training session was significant,
F(1,36) =5.61, p = .02, r)2 =.13. Participants remembered more words at the beginning
of the second session (87.24%, SE = .92), than at the end of the first session (83.12%,
SE = 2.89). The interaction between Training session x Type of training was not

significant, F< 1.
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Lexical decision task. The RTs associated with correct responses were trimmed
following the procedure described in the training task (Tabachnick & Fidell, 2001). The
percentage of outliers was 8.12% in lexical training and 8.27% in semantic training. An
ANOVA was conducted with type of training (semantic training, lexical training) as a
between-participants factor, and language (L1-Spanish, L2-Vimmi) as a within-
participants variable. In the latency analyses, the main effect of language was
significant, F(1, 38) = 338.68, p < .001, n* = .90. Participants were faster when they
responded to L1 words (596 ms, SE = 9.14) relative to L2 words (734 ms, SE = 9.55). The
main effect of type of training was not significant, nor did this variable interact with
language (Fs < 1). In the accuracy analyses, the main effect of language was significant,
F(1, 34) = 25.46, p < .001, nz = .40. Participants were more accurate in response to the
L1 words (98.67%, SE = 0.27) relative to the L2 words (86.17, SE = 2.59). The main
effect of type of training was not significant and this variable did not interact with

language (Fs < 1) (Table 8).

Possible switching cost effects due to language alternation in the lexical
decision task were analysed considering the words trained in L1 (Spanish) and L2
(Vimmi) and the language switch (switch trial and non-switch trial). Bilinguals usually
take longer to respond on switch trials than on non-switch trials (a switching cost
effect), reflecting inhibition of the non-target language. Furthermore, switching costs
are usually larger when switching to L1 suggesting the stronger suppression of the
dominant language (Meuter & Allport, 1999). The results revealed a language
switching effect, F(1, 38) = 16.33, p < .001, n* = .31. Participants responded more
slowly on switch trials (664 ms, SE = 9.84) than on non-switch trials (635 ms, SE = 9.00).
However, the Language x Switch interaction and the Type of Training x Language x
Switch interactions were not significant, Fs < 1. Thus, a switching effect was observed,

regardless of the language and the type of training.
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Table 8. Response Times and Accuracy Rates Obtained in the Lexical Decision Task

Spanish (L1) Vimmi (L2)
RT AC RT AC
Lexical Training 600 (13) 99.17 (0.39) 739 (14) 86.50 (3.67)
Semantic Training 592 (13) 98.17 (0.39) 729 (14) 85.83 (3.67)

Note. Mean reaction times (RT, in milliseconds), accuracy rates (AC, in percentages) and standard errors
(in brackets) obtained in the lexical decision task as a function of the type of training (lexical training,
semantic training) and the language (L1-Spanish, L2-Vimmi).

Translation task. In this task, ANOVAs were conducted on RTs and accuracy
data with type of training (semantic training, lexical training) as a between-participants
variable and the translation direction (forward translation from L1 to L2, backward
translation from L2 to L1) as a within-participants variable. The percentage of outliers
in this task was 4.70% in lexical training and 6.33% in semantic training. In the latency
and accuracy analyses, the order in which participants performed the forward
translation and backward translation was not significant (Fs < 1), nor did this variable

interact with the type of training (ps > .05).

The latency analysis revealed a main effect of type of training, F(1, 34) =5.13, p
= .03, n* = .13. Participants were faster to respond during lexical training (1321 ms, SE
= 108.85) compared with semantic training (1670 ms, SE = 108.85). The main effect of
translation direction was also significant, F(1, 34) = 118.97, p < .001, n* = .78.
Participants were faster in the backward translation task (L2-L1, Vimmi-Spanish) (1252
ms, SE = 67.24) relative to the forward translation task (1738 ms, SE = 91.21). Finally,
the interaction between Type of Training and Translation direction was also significant,
F(1, 34) = 10.27, p = .003, r)2 = .23. In the backward translation task, there were no
differences between lexical and semantic training, F < 1. However, in the forward
translation participants were slower in the semantic training (1983 ms, SE = 128.99)
compared with those in the lexical training group (1492 ms, SE = 128.99), F(1, 34) =
7.25, p = .011, r)2 = .18. The difference in RT between forward and backward
translation was larger for semantic training (628 ms) relative to lexical training (343

ms) (see Table 9).
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In the accuracy analysis, the type of training was not significant, F < 1. The
effect of translation direction was significant, F(1, 34) = 67.27, p < 001, nz = .66. The
accuracy rates were higher in the backward translation direction (72.96%, SE = 3.99)
relative to the forward translation direction (55.04%, SE = 4.23). The interaction

between Translation direction and Type of training failed to reach significance, F < 1.

Table 9. Response Times and Accuracy Rates Obtained in the Translation Task

Forward Translation (L1-L2) Backward translation L2-L1

RT AC RT AC
Lexical Training 1492 (129) 51.94 (5.99) 1149 (95)  72.41 (5.65)
Semantic Training 1983 (129) 58.15(5.99) 1355 (95) 73.52(5.65)

Note. Mean reaction times (RT, in milliseconds), accuracy rates (AC, in percentages) and standard errors
(in brackets) obtained in the translation task as a function of the type of training (lexical training,
semantic training) and the translation direction (forward direction L1-L2, backward direction L2-L1).

Naming task. The percentage of outliers in this task was 8.59% for lexical
training and 12.77% for semantic training (Tabachnick & Fidell, 2001). ANOVAs were
conducted on the RT data with the type of training (semantic training, lexical training)
as a between-participants variable and language (L1-Spanish naming, L2-Vimmi
naming) as a within participant variable. In the accuracy analyses, the language in
which participants performed the naming task was not considered as a variable
because there was no variability in any level (the accuracy of all participants was 100%
when they named the pictures in Spanish). In the latency and accuracy analyses, the
order in which participants performed the L1 naming and L2 naming was not

significant (ps > .05), nor did this variable interact with the type of training (ps > .05).

In the latency analyses, significant main effects were found for training, F(1, 35)
= 15.16, p < .001, n* = .30; and language, F(1, 35) = 140.99, p < .001, n* = .80; whilst
there was also a significant interaction between Type of Training and Language, F(1,
35) =19.73, p < .001, nz =.36. When participants performed the picture-naming task in
Spanish, there were no differences between lexical and semantic training, F < 1.

However, in the L2 naming task, participants were faster during semantic training (842
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ms, SE = 60.30) relative to lexical training (1311 ms, SE = 61.95), F(1, 35) = 29.51, p <
.001, /72 =.46 (see Table 10).

In the accuracy analyses, when participants named the pictures in Vimmi,
correct responses were 46.81% (SE = 5.81) and 59.37% (SE = 5.65) in the lexical and
semantic training respectively. However, the accuracy analysis revealed no significant

differences between types of training, F(1, 35) = 2.40, p = .13, n* = .06.

Table 10. Response Times and Accuracy Rates Obtained in the Naming Task

Spanish (L1) Vimmi (L2)
RT AC RT AC
Lexical Training 497 (54) 100 ( -) 1311 (62)  46.81 (5.81)
Semantic Training 471 (52) 100 (-) 842 (60) 59.37 (5.65)

Note. Mean reaction times (RT, in milliseconds), accuracy rates (AC, in percentages) and standard errors
(in brackets) obtained in the naming task as a function of the type of training (lexical training, semantic
training) and the language (L1-Spanish, L2-Vimmi).

Sentence-processing task. We conducted ANOVAs on RTs and accuracy rates
with the training method (semantic training, lexical training) as a between-participants
variable and the sentence predictability (high predictability, low predictability) and
plausibility of sentences (plausible sentences, implausible sentences) as within-
participants factors. The RTs associated with correct responses were trimmed
(Tabachnick & Fidell, 2001) and the percentage of outliers in the L2 lexical and

semantic groups was 8.10% and 6.90%, respectively.

In the latency analysis, the Predictability x Type of training interaction was
significant, F(1, 38) = 12.29, p = .001, n° = .24, whilst the Plausibility x Predictability x
Type of Training interaction was marginally significant, F(1, 38) = 3.11, p = .08, rlZ =.08.
No other main effects or interactions were significant (all ps > .05). When plausible
sentences were taken into account, the Predictability x Type of training interaction was
significant, F(1, 38) = 13.05, p < .001, n2 = .26. The semantic training group showed
faster RTs in highly predictable sentences (423 ms, SE = 28.64) relative to sentences of

low predictability (460 ms, SE = 25.45), F(1, 38) =5.11, p = .03, rlZ =.12. In contrast, the
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lexical training group showed the opposite pattern of results, with slower RTs in highly
predictable sentences (451 ms, SE = 28.64) than in sentences of low predictability (405
ms, SE = 25.45), F(1, 38) = 8.11, p = .007, n> = .18. When participants processed
implausible sentences, no main effects or interactions between variables were

significant (all ps > .05) (see Table 11).

Table 11. Response Times and Accuracy Rates Obtained in the Sentence Processing

Task
High predictability Low Predictability
RT AC RT AC
Plausible Sentences
Lexical Training 451 (28.64) 75.37 (3.74) 405 (25.45) 75.29 (4.15)
Semantic Training 423 (28.64) 76.62 (3.73) 460 (25.45) 76.75 (4.15)
Implausible Sentences
Lexical Training 452 (26.93) 71.64 (3.63) 427 (28.70) 78.29 (4.03)
Semantic Training 438 (28.70) 80.67 (3.63) 438 (24.70) 78.06 (4.03)

Note. Mean reaction times (RT, in milliseconds), accuracy rates (AC, in percentages) and standard errors
(in brackets) obtained in the sentence processing task as a function of the type of training (semantic
training, lexical training), sentence predictability (high predictability, low predictability) and plausibility
of sentences (plausible sentences, implausible sentences). Error bars represent standard errors.

In the accuracy analysis, the Plausibility x Predictability x Type of training
interaction was marginal, F(1, 38) = 3.25, p = .08, r)2 = .08. No other main effects or
interactions were significant (all ps > .05). When participants processed plausible
sentences, none of the effects were significant (all F < 1). When participants processed
implausible sentences, the interaction between Type of training and Predictability was
significant, F(1, 38) = 5.93, p = .02, n° = .13. In semantic training, the predictability
effect was not significant, F < 1, whilst lexical learners were more accurate in low
predictable sentences (78.29%, SE = 4.03), than in highly predictable sentences
(71.64%, SE = 3.63), F(1, 38) = 6.12, p = .01, n* = .14) (see Figure 15).
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represent standard errors.

DISCUSSION

The aim of this study was to compare the efficiency of a semantic method and a
lexical method for the acquisition of L2 vocabulary. Previous studies have compared
semantically mediated training with lexical training in out-of-context tasks (Chen,
1990; Comesafia et al., 2009, 2010; Poarch et al., 2014; Tonzar et al., 2009). Our study
differed from previous research in two critical respects: (a) the inclusion of lexical and
semantic learning tasks to reinforce the acquisition of L2 during training, and (b) the
evaluation of the learning outcomes when participants processed new words in

isolation and within sentences.

The pattern of results obtained in this study is organized as follows. Firstly, we
discuss the course of learning in lexical and semantic training, and we evaluate the use
of the new words acquired in L2 in out-of-context tasks. Finally, we examine the

possible effect of the type of learning on the processing of L2 words within sentences.
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Course of L2 vocabulary learning under semantic and lexical
training

The usual way to study the efficiency of different L2 learning methods is
through the use of evaluation tasks that are administered after finishing the learning
phase (Hostetter, 2011; Kita et al., 2017; Macedonia, 2014; Macedonia & Klimesch,
2014; Macedonia & Knosche, 2011). However, this type of testing does not reveal
progressive changes that occur throughout sessions of vocabulary acquisition. In our
study, we evaluated the course of learning with two tasks of continuous training across
two days of L2 acquisition. The two learning groups (semantic training and lexical
training) showed continuous improvement during the 20 training blocks. In particular,
through learning, the training tasks were associated with lower response latency and

higher accuracy rates.

In addition, at the beginning of learning, the lexical training group showed
worse performance than the semantic group. These differences cannot be due to L2
knowledge since it was the first training block and the participants had no previous
knowledge of L2 (Vimmi, an artificial language). Two possible explanations could
account for the pattern of results: (a) potential between-group baseline differences in
L1 linguistic processing, (b) a greater difficulty associated with the lexical vs. semantic
training task. With regard to the first alternative, participants were randomly assigned
to training groups, which would minimize possible baseline differences. Furthermore,
in order to ensure that the learners in the semantic and lexical training were matched
in L1 skills, different post-test analyses were conducted. None of these analyses
revealed differences between the training groups in the measures of L1
comprehension and L1 production. Thus, the initial differences observed between the
two learning groups in the training task suggest that the lexical task was more difficult
than the semantic task. In fact, the slope of learning (faster and more accurate
responses through the training blocks) was more pronounced in the lexical group than
in the semantic group, a pattern of results that is consistent with previous studies in
which a steeper slope is observed in difficult vs. easy learning tasks (Bennett &

Desforges, 1988; Duckworth & Quinn, 2009). Nevertheless, the performance of the
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two types of training was similar at the end of the practice blocks indicating that the

two learning methods allowed the acquisition of L2 words in a similar manner.

As far as we know, there are no previous studies that have compared possible
differences in the difficulty of semantic categorization and grapheme monitoring.
However, Dufour and Kroll (1995) showed that in a categorization task, when category
names were presented in L1 and target words in L2, relatively fluent bilinguals needed
less time to respond (838 ms) than in a study conducted by Hauk, Rockstroh, and Eulitz
(2001) with the grapheme monitoring task (between 950-1100 ms). However, direct
comparison between studies is limited due to methodological differences. Hence, in
order to further explore the differences between the semantic and lexical training
tasks a new experiment was conducted. A group of 16 Spanish (L1) - English (L2)
bilinguals performed the grapheme monitoring task and the semantic categorization
task. In each task, participants received 3 blocks of trials (60 trials in each block). In the
grapheme monitoring task, a grapheme was presented (e.g., n) followed by an English
word that contained it (e.g., hand) and participants had to indicate whether this
grapheme was also present in the Spanish translation of the English word (i.e., mano).
In the semantic categorization task, a category name was presented (e.g., fruit)
followed by an English word (e.g., banana) and participants had to indicate whether or
not the word denoted an exemplar of the category previously presented. The two
tasks were counterbalanced across participants. The latency analyses revealed a
significant effect of task, F(1, 15) = 108.45, p < .001, r)z = .88. RT were slower in the
grapheme monitoring task (1495 ms, SE = 70.74) compared to the categorization task
(848 ms, SE = 20.96). Furthermore, the task effect was significant in the accuracy
analyses, F(1, 15) = 40.89, p < .001, n? = .73. Participants produced less correct
responses in the grapheme monitoring task (74.79%, SE = 2.18) than in the semantic
categorization task (89.87%, SE = 0.89). Thus, the results obtained in this new
experiment with a new group of participants replicates the pattern of data obtained in

the study, revealing a greater difficulty in the lexical vs. semantic practice task.

On the other hand, most studies comparing different methods of L2 vocabulary
acquisition are conducted within a single day, during which participants receive the L2

training tasks followed by the tasks to evaluate the learning achievements (Macedonia
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et al., 2011; Poarch et al., 2014). In contrast, in our study, the training was
administered over two consecutive days, which enabled us to evaluate the effect of
lexical and semantic training through two learning sessions separated by a time
interval of 24 hours. The results obtained in our study revealed a cost associated to the
change between learning sessions in the lexical training but not in the semantic
training group. In particular, there were no differences between the two learning
groups at the end of the first session of learning; however, at the beginning of the
second day of training, the lexical group performed the learning task more slowly than
the semantic group. Previous studies have shown that the addition of a temporal delay
between training sessions can produce both improvements in learning (i.e., a memory
consolidation effect; Bakker, Takashima, Van Hell, Janzen, & McQueen, 2015;
Tamminen & Gaskell, 2013) and a decline in the acquisition process (Adams, 1952;
Anderson, Fincham, & Douglass, 1999; Digman, 1959). Currently, there is no consensus
as to why an interval between training and testing can produce both benefits and costs
in the learning process (Rickard, 2007). Bouton (1993) proposed that a retention
interval could have differential effects on learning according to the type of knowledge
acquired and represented in memory, whilst Rickard (2007) argued that the effect of
forgetting over time depends on the type of task used for learning. Finally, Anderson et
al. (1999) proposed that at the beginning of each learning session there is impairment
in performance, which results from the forgetting of associative connections that are
established in long-term memory during the learning process. Thus, the cost
associated to the change between learning sessions in the lexical training suggests that
the associative connections established between L1 and L2 words (lexical connections)
are more susceptible to forgetting than the L2-concept connections formed in the
semantic training group. However, it is important to note that this cost due to the
change between learning sessions did not determine the final acquisition of vocabulary
since the accuracy rates at the end of the training were similar in the lexical and

semantic training group.

Processing of new L2 words in out-of-context tasks

In order to evaluate the processing of the new L2 words in isolation, we used

three evaluation tasks: lexical decision, translation, and picture naming. The
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performance of the learners undergoing semantic and lexical training was similar in the
lexical decision task. Thus, previous studies indicate that L2 learning based on lexical
paradigms (e.g., word association method) makes learners particularly efficient in tasks
involving lexical processing (e.g., Chen, 1990; Lotto & De Groot, 1998). However, the
results found here show that people undergoing L2 semantic learning can achieve the

same level of efficiency in lexical processing.

In the translation task, the semantic training group responded slower in the
forward direction than the lexical training group. According to the RHM model (Kroll &
Stewart, 1994) described in the introduction, forward translation is more conceptually
mediated than backward translation. It is good to know the meaning of the words that
are translated, and in fact, this type of processing is characteristic of fluent bilinguals
compared with L2 learners (Kroll et al., 2010). However, the access to semantic
information slows down the translation process relative to the use of a direct route
between the words in L1 and L2. The data obtained in the forward translation task
suggest that the semantic training group made use of a route of processing that is
conceptually mediated while the lexical group made the translation through direct
connections between their lexicons. However, this pattern of results does not imply
that the semantic learning group could not make use of the lexical processing route. In
fact, when we considered the backward translation task, performance was

independent of the type of training used for word acquisition in L2.

In the naming task, the semantic training group was faster than the lexical
training group when the pictures were named in L2. Semantic processing is mandatory
in picture naming regardless of the output language (e.g., Glaser, 1992). However,
after semantic access, L2 naming can be made by a direct link between the concepts
and the words in L2 or by retrieving the equivalent translation in L1 (Potter &
Faulconer, 1975, Potter et al., 1984). The faster L2 naming times found in the learners
of the semantic training group suggests that they efficiently used a direct connection
between concepts and L2 words. It could be argued that the advantage of the
semantic group in the L2 naming task was due to the familiarity of the participants
with the pictures since they were used in the L2 learning task. Although all participants

underwent a familiarization phase in which they processed all the pictures at the
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beginning of the study; the semantic training group practiced more often with these
pictures during the learning phase. Thus, the advantage of the semantic group in the
L2 naming task could be driven by episode memory. Although this explanation cannot
be discarded in our study, when participants were required to name the same pictures
in L1, no differences were found between training groups. In addition, the episodic
explanation would predict that the retrieval of episodic traces depends on the
similarity between the context of learning and retrieval (the stimuli presented in the
episode and the responses required to the participant) (Neill, 1997). In the semantic
training phase, the pictures were paired with an L2 word and the participants did not
have to provide any response, while in the naming task, the pictures were presented in
isolation and participants had to name them. Thus, the pictures presented in the
naming task would be a weak cue to retrieve the learning episode. Thus, whilst
episodic memory may certainly play a role in the picture naming task, it is unlikely that

this explanation alone is responsible for the observed data pattern.

Overall, the pattern of results obtained when learners performed out-of-
context tasks suggest that semantic training favours the conceptual processing of L2
words (e.g., forward translation, picture naming in L2). Furthermore, this type of L2
vocabulary acquisition does not prevent efficient lexical processing when required by

the task (e.g., backward translation, lexical decision task).

Processing of new L2 words in sentences

In our study, we evaluated the processing of new L2 words in a sentence-
reading task. The learners read sentences in a mixing language paradigm (Altarriba et
al., 1996), in which the sentences were presented word-by-word in Spanish (L1) and
they ended with a final word in Vimmi (L2) (Kutas & Federmeier, 2014; Potter,
Nieuwenstein, & Strohminger, 2008). The critical pattern of results was observed when
participants read plausible sentences. The semantic training group benefited from the
semantic constraint of sentences, so they processed more efficiently L2 words that
were predicted by the sentence (highly predictable sentences) relative to the
processing of words that were unlikely in the context of the sentence (sentences of
low predictability). This pattern of data suggests that individuals undergoing semantic
training were able to use the linguistic context to anticipate the arrival of the L2 word.
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Previous studies show that bilinguals make use of semantic context
(predictability of words within a sentence) to anticipate upcoming words during
reading (Foucart et al., 2014). That is, sentence reading in bilinguals would be an
incremental process involving predictions about upcoming words and consequently
facilitating their integration once they appear. The results obtained in the semantic
training group suggest that this type of training would favor the use of the semantic
context during sentence reading in a way similar to that performed by fluent bilinguals.
In contrast, learners undergoing lexical training showed that word processing in L2 was
more efficient in sentences of low predictability compared with those of high
predictability. Previous studies have shown that contexts of low predictability favour
language co-activation and, therefore, the use of lexical connections between L1 and
L2 (e.g., Schwartz & Kroll, 2006). Thus, the lexical training group processes L2 words
more easily in contexts that allow the use of L1-L2 lexical links already acquired during

L2 vocabulary training (sentences of low predictability).

A potential limitation of the semantic training method used in the current study
is that only concrete familiar nouns were used as learning material. The semantic
paradigm would be especially useful in early stages of L2 vocabulary acquisition as
concrete words activate the semantic system more robustly than abstract words (Van
Hell & De Groot, 1998), with the former being more readily acquired by L2 learners
(Kaushanskaya & Rechtzigel, 2012). In future research, the semantic learning method
could be extended to the acquisition of abstract words through the use of training
tasks involving the use of gestures. In fact, previous studies show that gestures
enhance semantic processing of words and gestures abolish the difficulty associated
with the learning of abstract words (e.g., verbs) relative to nouns (e.g., concrete

words) (Garcia-Gamez & Macizo, 2019).

Conclusions

Speaking several languages is becoming increasingly necessary in today's world.
Learning a L2 through immersion programs appears to be one of the best ways to learn
a L2 (Cohen, 2014; Coyle, 2001; Genesse, 2014; Wesely, 2009). However, it is not
always possible to study a language abroad. Thus, it is particularly important to
investigate efficient L2 learning methods that can be applied in L1 speaking contexts.
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In the current study, we compared a semantic vs. a lexical method for the acquisition
of vocabulary in L2. The results indicate that both lexical and semantic training are
useful for L2 vocabulary acquisition. Thus, the final learning rate and the latency in the
retrieval of L2 words were similar in both types of learning at the end of training (the
last block of learning). However, the results obtained in the evaluation tasks reveal
differences in the cognitive architecture of the learners depending on the type of
training. The group of learners that underwent lexical learning showed a strengthening
of L1-L2 lexical links and they used these connections to process L2 words in isolation
and in a sentence context. In contrast, the semantic training group used the
connections between the conceptual system and the lexicon in L2 during out-of-
context tasks (e.g., picture naming in L2) and when processing L2 words within
sentences (e.g., the use of the context to process L2 words at the end of sentences).
Thus, if we consider that a fluent bilingual is characterized by the semantic processing
of the information when she/he communicates in L2 (Kroll et al., 2010; Kroll & Stewart,
1994), the semantic training used in our study appears to be suitable for L2 vocabulary

acquisition.
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Experiment 6. Lexical and Semantic Training to
Acquire Words in a Foreign Language: An

Electrophysiological Study

An ERP study was conducted to compare two learning methods for the acquisition of
vocabulary in a FL. In the semantic method, the FL words were presented with a picture
denoting their meaning and the learners practiced with a semantic categorization task
(to indicate whether FL words were exemplars of a semantic category). In the lexical
method, the FL words were paired with their translation in the L1 and the learners
practiced with a letter-monitoring task (to indicate whether L1-FL words contained a
grapheme). A translation task and a picture naming task were used to evaluate
vocabulary acquisition. ERP modulations associated to semantic processing were more
evident and they were more broadly distributed in the semantic versus lexical learning
group. The pattern of results suggests that a single session of semantic learning favors
the establishment of connections between semantics and the words learned in a new

language.

This study has been submmited as Garcia-Gamez, A. B., & Macizo, P (2019). Lexical and
Semantic Training to Acquire Words in a Foreign Language: An Electrophysiological
Study. Brain and Language.
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INTRODUCTION

There are many questions about foreign FL acquisition that need to be
addressed. What is the efficient way to learn a new language? Are there strategies
able to enhance this learning process? Nowadays, we are involved in multicultural
societies and speaking different languages is becoming necessary. Not only children,
but also adults have to face with these new situations in their daily lives. It seems that
immersion programs are the best way to learn a new language (Genesee, 2014) but
this option is not always available. For this reason, researchers are looking for learning
tools or strategies able to facilitate FL acquisition in L1 speaking contexts. It is
necessary to implement efficient L2 learning methodologies based on scientific

evidence not only at school for children, but also for adults.

To design effective FL learning methods it is first necessary to understand how
novel and expert bilinguals manage linguistic processing across languages. According
to the RHM (Kroll & Stewart, 1994), words in the first language (L1 lexicon), the second
language (L2 lexicon) and the semantic system of L2 learners are interconnected.
However, the weight and use of these connections depends on the fluency of
participants in their L2 (De Groot & Poot, 1997). Thus, while novice learners make
preferential use of L1-L2 connections, expert learners preferentially rely on the
connections between semantics and L2 words (see Kroll et al., 2010, for a review).
However, semantic processing is also possible and desirable in novice learners of a FL
(Altarriba & Mathis, 1997; Dufour & Kroll, 1995; Ferré et al., 2006; Talamas et al.,
1999).

The word translation task and the picture naming task have been used to
evaluate semantic and L1-L2 lexical processing during the acquisition of a FL. With
regard to the word translation, behavioral studies have shown that the performance
on this task depends on the translation direction and the L2 fluency of the learners. In
particular, poorly fluent bilinguals translate more rapidly in the backward direction
(from L2 to L1) than in the forward direction (from L1 to L2) (Kroll & Stewart, 1994).
The better performance in the backward translation would be explained by the use of

direct connections between the L1 and L2 lexicons while the forward translation would
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involve additional semantic processing which would slow down the translation
process. However, this asymmetry in the translation task is attenuated in fluent
bilinguals which seems to indicate that they use a semantic route of processing

regardless of the translation direction (Kroll & Linck, 2007).

On the other hand, regarding the picture naming task, many studies have
confirmed that L2 naming is slower than L1 naming. In addition, these differences in
the speed of processing depending on the language of the naming task are more
evident in low vs. high fluency bilinguals (Kroll et al., 2002). Poorly fluent bilinguals
would have weak connections between the semantic system and the L2 lexicon, so
they would use a route of processing through their L1 which would slow down the
retrieval of the picture names in L2. On the contrary, proficient bilinguals would
employ a direct connection between meaning and L2 words which would produce

faster naming times.

In general, the main feature of lexical and semantic processing during L2
vocabulary acquisition would be the strengthening of connections between meaning
and L2 words as L2 fluency increases. Thus, it would be desirable to use learning
strategies that favor the establishment of these connections between semantics and
FL lexicon. In fact, the benefit of semantic vs. lexical learning programs has been
confirmed in the past. To illustrate, Comesafia et al., (2009) compared the learning of
L2 vocabulary in children through a word-word association method that would
reinforce the L1-L2 lexical connections, and a learning method based on the
association between pictures and L2 words that would favor semantic-L2 lexical
processing. The results revealed that only children who received a picture-word
association training showed effects derived from semantic processing (e.g., semantic
interference effect in a translation recognition task); a pattern of results which is

usually found in expert bilinguals (see also, Comesafia et al., 2010; Tonzar, et al., 2009).

The advantage associated to semantic learning strategies do not only appear in
children but also in adult L2 learners. In a recent study, Garcia-Gamez and Macizo
(2019) compared the acquisition of L2 vocabulary in adults through a semantic training
(based on picture-L2 word association and semantic categorization) and a lexical

training (based on L1-L2 word association and grapheme monitoring). After learning,
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the authors found that the semantic training group responded more slowly than the
lexical training group in a forward translation task. These results suggested that the
semantic training group made use of a route of processing conceptually mediated
while the lexical group made the translation through direct connections between their
lexicons. In addition, in a L2 naming task, the semantic training group was faster than
the lexical training group suggesting again that the semantic training group efficiently

used a direct connection between concepts and L2 words.

Thus, there is abundant behavioral evidence showing that L2 vocabulary
learning based on semantic training favors the establishment of connections between
the semantic system and new L2 words. However, behavioral studies sometimes fail to
capture subtle changes in language processing that occur with minimal training in L2
learning. For example, McLaughlin et al. (2004) showed that brain activity of adult L2
learners measured by event-related potentials (ERPs) discriminated the processing of
new L2 words compared to the processing of L2 pseudowords with only one session of
L2 vocabulary training. However, no differences were found between L2 words and
pseudowords when behavioral measures were considered. The authors concluded that
some aspects of a new language may be overlooked by current behavioral
assessments. However, to the best of our knowledge, there are no previous
electrophysiological studies comparing the effect of semantic vs. lexical training on L2

vocabulary acquisition. In our study, we address this point directly.

Two electrophysiological components have been used to index vocabulary
acquisition in L2, the N400 component and the late positivity component (LPC)
(Midgley et al., 2009; Yum et al., 2014). The N400 component is a negative-going
waveform peaking at approximately 350-450 ms after stimulus onset, whose
amplitude is sensitive to the processing of lexico-semantic information (Kutas &
Hillyard, 1980). In bilingual studies, it has been shown that the processing of L2 words
elicit smaller N40O than the processing of L1 words. Moreover, L2 words also produce
larger N400 in highly proficient L2 bilinguals compared with L2 learners with low
proficiency (Midgley et al., 2009). Thus, modulations of N400 amplitude when
individuals process L2 words have been considered in previous studies as an index of

L2 proficiency.
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As indicated above, many behavioral studies have found that word retrieval is
easier in backward translation than in forward translation due to the difficulty
associated with semantic processing in L1-L2 translation (Kroll & Stewart, 1994). In
electrophysiological terms, an easy retrieval of lexical information would be associated
with an attenuation of the N400 component. For instance, word frequency is one of
the main indicators of difficulty in lexical access (e.g., Hudson & Bergman, 1985;
Monsell et al., 1989), and this lexical factor produce a N400 attenuation (Rugg, 1990,
Van Petten & Kutas, 1990) with reduced brain-wave negativity during the processing of
high vs. low frequency words. However, electrophysiological studies with the
translation task are very limited and the results are mixed. Christoffels et al. (2013)
observed a greater amplitude of the N400 component when Dutch (L1) - English (L2)
bilinguals translated words in forward vs. backward direction. In contrast, Jost et al.,
(2018) did not find differences related to the translation direction in the N400 time-

window.

The LPC component is a late-onset sustained positivity (about 500 ms) that has
been related to reanalysis of information and response monitoring in the field of
language processing (Kolk & Chwilla, 2007). In translation tasks, the LPC shows an
inverse polarity between parietal and frontal regions and this component has been
associated with the reprocessing of information between the input and the output
language. For example, in a translation recognition task, a greater LPC amplitude
appears in later regions when word pairs are not translations but are semantically
related compared to unrelated word pairs (e.g., Guo et al., 2012). Other authors have
linked the LPC found in translation tasks to the process of establishing connections

between words across languages (Jackson et al., 2001).

On the other hand, the LPC has been obtained when bilinguals perform picture
naming tasks (Martin et al., 2013). For instance, the LPC amplitude is greater when the
difficulty in the retrieval of the picture names increases (e.g., naming tasks that involve
language switching across trials). In general, studies of lexical processing in bilinguals
seem to indicate that the more complex the processing of the stimuli (e.g., L2 naming
vs. L1 naming) the greater the mean amplitude of the LPC component (Jackson et al.,

2001; Khateb et al., 2007; Kieffaber et al., 2013; Moreno, et al., 2002).
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The current study

The aim of our study was to evaluate the impact of a semantic vs. lexical
training on the acquisition of vocabulary in a FL. To this end, two groups of Spanish
speakers (L1) learned words in an artificial language (Vimmi) under two types of
training. The semantic training group received L2 words accompanied by a picture
representing their meaning and participants practiced during learning with a semantic
categorization task. The lexical training group received the word in L2 along with its L1
translation and the practice task involved the identification of graphemes between
languages (grapheme monitoring task). At the end of the training, electrophysiological
indices were obtained when participants performed a translation and a naming task to
evaluate the acquisition of L2 vocabulary. If we consider that the N400 and LPC
components capture the difficulty of lexical-semantic processing and the retrieval and
reprocessing of lexical information in translation and picture naming (Jost et al., 2018;
Martin et al., 2013), these components would be modulated by the type of training

(semantic vs. lexical learning) used for the acquisition of vocabulary in L2.

METHOD

Participants

Fifty-six Spanish monolingual students from the University of Granada
participated in this study for course credits. None of the participants reported history
of language disabilities and they had normal or corrected-to-normal visual acuity.
Twenty eight participants were randomly assigned to the semantic training group (22
women, 6 men) and the rest of participants were assigned to the lexical training group
(22 women, 6 men). The mean age of participants in the semantic (M = 21.85, SD =
4.34) and lexical group (M = 20.79, SD = 3.18) was equated, t(54) = 1.05, p = .30. Two
participants in the semantic training and three participants in the lexical training were
left-handed. The experiment was undertaken in accordance with the 1964 Helsinki
declaration. The Ethic Committee at the University of Granada approved the
experimental procedure used in the study (Number issued by the Ethical Committee:
86/CEIH/2015) and each participant provided written informed consent before taking
part in the experiment. The required sample size was determined using the G*Power
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program 3.1.9.2 (Faul, Erdfelder, Lang, & Buchner, 2007). To achieve a 95% statistical
power at a = .05 and a small effect size (0.42) computed based on a ny? =.15,ina2x?2
repeated measures analysis of variance (ANOVA), the required sample size was N = 22.
Thus, the sample used in this study was sufficient to capture the effects evaluated in

the experiment.

Design and Materials

In the current study, participants learned a set of 60 Spanish (L1) - Vimmi (L2)
words. The L2 vocabulary learning was conducted in a single session. After finishing the
training part, the experimenter mounted the electrode cap to the participants.
Afterwards, participants carried out two tasks to evaluate the acquisition of L2 words

in the following order: a translation task and a naming task.

L2 vocabulary learning tasks. Two L2 training methods were used. Half of the
participants were subjected to a lexical training and the remaining half of participants
performed the semantic training. When the L2 training phase was considered, a 2 x 10
mixed design was used with type of L2 training (semantic training, lexical training) as a
between-participants factor and block of training (10 levels, from the first block to the
last block of training) as a within-participants variable. In order to control several
linguistic variables, Spanish words from six semantic categories were chosen (Battig &
Montague, 1969; Moreno-Martinez et al., 2014) three categories were from the living
domain (four-footed animals, body-parts, fruits) and three from the non-living domain
(kitchen utensils, musical instruments, vehicles). Within each semantic category, ten
words were selected. Hence, the total amount of words to be learned was 60. In
addition, for each word, a picture denoting its concept was selected (Pérez & Navaldn,
2003; Snodgrass & Vanderwart, 1980). Each Spanish word and its corresponding
picture were randomly paired with a Vimmi word. Table 12 lists the lexical
characteristics of Spanish words taken from Cuetos et al. (2011), and Pérez and
Navalén (2003) (length, word frequency, orthographic neighbourhood, age of
acquisition, familiarity, manipulability, typicality, imageability, and concreteness of
words), lexical properties of Vimmi words (length, orthographic neighbourhood, and
shared graphemes with the Spanish words) and visual properties of pictures taken
from Pérez and Navaldon (visual complexity of pictures, image agreement, image
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variability, and picture-name agreement). The complete set of stimuli is presented in

the Appendix 2.

Table 12. Characteristics of the Stimuli Used in the Study

Mean SD

Spanish words

Length 5.68 1.71
Frequency 38.90 61.80
Orthographic neighbourhood 3.36 5.00
AoA 2.47 0.74
Word familiarity 4.16 2.89
Word manipulability 3.36 0.97
Word typicality 4.50 0.47
Word imageability 4.00 2.98
Word concreteness 4.10 2.86

Vimmi words

Length 5.66 1.45

Orthographic neighbourhood 1.11 2.24

Shared graphemes 2.11 0.97

Shared graphemes (positional)  0.50 0.67
Pictures

Visual complexity 2.59 0.82

Image agreement 3.94 0.51

200



Image variability 2.38 0.67

Picture-name agreement 88.2 15.0

Note. Lexical characteristics of words and visual properties of pictures used in the study. Length:
Number of graphemes of the word. Frequency: Spanish word frequency per one million words.
Orthographic neighbourhood: Number of words that can be formed by substituting a single letter at any
of the letter positions within the string. Age of Acquisition: the estimated age at which a word is
acquired on a 7-point rating scale (0-2, 3—4, 5-6, 7-8, 9-10, 11-12, and 13 years or more). Word
familiarity: the degree to which the concept denoted by the word is encountered in real life on a 5-point
scale (1 = very unfamiliar, 5 = very familiar). Word manipulability: degree to which use of the human
hand is necessary for the object denoted by the word to perform its function on a 5-point scale (1 = low
manipulability, 5 = high manipulability). Word typicality: degree to which a concept denoted by a word is
a representative exemplar of its category on a 5-point scale (1 = least typical, 5 = most typical). Word
imageability: how easy it is for a word to arouse mental images on a 7-point scale (1 = low imageability,
7 = high imageability). Word concreteness: the degree to which the concept denoted by a word refers to
a perceptible entity on a 7-point scale (1 = low concreteness, 1 = high concreteness). Visual complexity:
of the pictures on a 5-point scale (1 = drawing very simple, 5 = drawing very complex). Image
agreement: the degree to which the picture is similar to the real object depicted in the drawing on a 5-
point scale (1 = low agreement, 5 = high agreement). Image variability: whether the name of the object
evokes few or many different images on a 5-point scale (1 = few images, 5 = many images). Picture-
name agreement: how close the picture matches the name given to the object in percentages (higher
values, higher match).

The 60 Spanish-Vimmi words were randomly grouped into 10 learning sets of 6
words. All participants performed ten blocks with the learning and practice tasks
described below. In each block, the 60 Vimmi words to be learned were presented
once. Hence, the training involved a total of 10 exposures to each L2 word and the

total amount of trials was 600.

In the L2 vocabulary learning phase, the task started with the message “word
learning”. Afterwards, participants pressed the space bar and 500 ms later the stimuli
to be learned were presented (e.g., pldtano, banana in Spanish). In the semantic
training, a picture appeared in the middle of the screen (e.g., a picture depicting a
banana) (7 x 7 cm average size) and the Vimmi word below (e.g., raone) (Courier New,
bold font, 18 point size). In the lexical training, the Spanish and the Vimmi words were
presented one above the other (e.g., pldtano and raone) (Courier New, bold font, and
18 point size). The stimulus to be learned remained on the screen for 4000 ms and 500
ms later, the next stimulus appeared. After the presentation of 6 stimuli, the message
“practice new learned words” appeared on the screen, participants pressed the space
bar to continue and 500 ms later, they performed the practice task. In the practice task

of the semantic training, a category name was presented in capital letters for 750 ms
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(e.g., fruit). After 250 ms, a Vimmi word appeared in the middle of the screen until the
participant responded (e.g., raone). Participants pressed the Z and M key to indicate
whether or not the Vimmi word denoted an exemplar of the category previously
presented (e.g., “yes” in the pldtano-raone pair). Within each set, on half of the trials
the Vimmi word was an exemplar of the semantic category and on the remaining trials
it was not. Across the entire task, there were the same number of “yes” and “no”
responses in each of the six semantic categories. In addition, across participants, all
Vimmi words were assigned to the “yes” and “no” responses. The assignment of Z and

M keys to “yes” and “no” responses was counterbalanced across participants.

The practice task in lexical learning consisted of the presentation of a grapheme
in the middle of the screen for 750 ms (e.g., n). Following a 250 ms delay, a Vimmi
word was presented until the participants’ response (e.g., raone). Participants had to
indicate by pressing the Z and M keys whether the Spanish translation of the Vimmi
word contained the grapheme previously presented (“yes” in the pldtano-raone pair).
Each grapheme was one letter randomly selected from each Vimmi word. On half of
the trials, this grapheme was present in the Spanish translation and on the remaining
half of trials it was not. Across the task, half of the letters were vowels and the
remaining graphemes were consonants. Across participants, all graphemes were
assigned to “yes” and “no” responses. The assignment of Z and M keys to “yes” and
“no” responses was counterbalanced across participants. The procedure used in the
lexical and semantic training was taken from Garcia-Gdmez and Macizo (2019) (see

Figure 16).
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Figure 16. Description of the L2 vocabulary learning methods used in the current study.

Translation task. In this task, the 60 Spanish-Vimmi word pairs learned in the L2
vocabulary-training phase were used. The 60 Spanish words were presented for
translation into Vimmi (forward translation) and the 60 Vimmi words were presented
for translation into Spanish (backward translation). The order in which the two
translation tasks were presented was counterbalanced across participants. In addition,
the words within each translation task were presented in random order. On each trial,
a fixation point appeared for 1000 ms in the middle of the screen followed by the word
to be translated (e.g., raone) for 500 ms (Arial, 30 point size, black font, white
background). A white screen then remained until the participants’ response.

Participants were required to say aloud the translation of each word.

Naming task. Participants were presented with 60 pictures denoting the
meaning of the words learned in L2. Participants performed the naming task in Spanish
and in Vimmi. The order in which they performed these naming tasks was

counterbalanced across participants. Within each naming task, the pictures were
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presented in random order. On each trial, a fixation point was presented for 1000 ms,
after which the picture to be named (e.g., the picture of a banana) (14 x 14 cm average
size) appeared in the middle of the screen, followed by a white screen that remained

until the participants’ response.

Electrophysiological Recording

After the learning phase, the continuous Electroencephalogram (EEG) was
recorded from 64 scalp electrodes mounted on an elastic cap (Quick-Cap, Neuroscan
Inc.). The electrodes were arranged according to the extended 10-20 International
System (Jasper, 1958). The EEG was initially recorded against an electrode placed in
the midline of the cap (between Cz and CPz) and later off-line re-referenced to a
common average reference. In order to control for blinks, a pair of electrodes was
placed above and below the left eye. The horizontal and vertical eye movements were
captured by another pair of electrodes located on the outer canthus in both eyes. The
EEG signal was amplified by using the Neuroscan Synamps2 amplifiers (El Paso, TX) and
filtered using a band pass of 0.01-100 Hz and digitalized at a 500 Hz sampling rate. The
electrode impedance was kept below 5 kQ. Digital tags were assigned to the stimuli of
interest for each task. The EEG signal was analyzed by using the open-source toolbox
ERPLab (Lépez-Calderén & Luck, 2014). Eye blinks and other artifacts components
were identified and corrected by means of independent component analysis (ICA) and
careful visual inspection of the recordings. Epochs were baseline corrected using the
mean activity during the -100 to 0 ms pre-stimuli period. Based on previous studies, a
low pass filter of 30 Hz was applied (Verhoef, Roelofs, & Chwilla, 2009; Willems,
Ozyiirek, & Hagoort, 2008).

For ERP data analysis, a representative sub-array of nine channels was used
(Blackford, Holcomb, Grainger, & Kuperberg, 2012; Chauncey, Holcomb, & Grainger,
2008; Grainger, Kiyonaga, & Holcomb, 2006; Kuperberg, Delaney-Busch, Fanucci, &
Blackford, 2018). As Blackford and colleagues (2012) mentioned, following this design,
a single analysis of variance (ANOVA) can be used for each time window analysis and
hence, this electrode selection is a good meeting point between the use of a simple
design and the correct description of the overall distribution of the effects. The

selected electrodes formed three columns in the central (Fz, Cz, Pz), left (F3, C3, P3)
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and right (F4, C4, P4) sides extending from the front to the back of the head (see Figure
17).

Figure 17. Scalp distribution of the electrodes selected for analyses. Electrodes formed three columns in
the central (Fz, Cz, Pz), left (F3, C3, P3) and right (F4, C4, P4) sides extending from the front to the back
of the head.

Data Analysis

The aim of the study was to examine electrophysiological data associated with
the evaluation of learning tasks according to the type of L2 training. The behavioral
data associated to the EEG recording session could not be analysed due to
malfunctioning of the recording system. However, the pattern of behavioral data
obtained with a different set of participants with exactly the same types of training
(lexical training and semantic training) and evaluation tasks (translation task and
naming task) are fully described by Garcia-Gadmez and Macizo (2019). Two participants,
one lexical learner and one semantic learner, were removed from data analysis due to
the high number of rejected epochs (more than 100 out of 120) obtained in both

evaluation tasks.

Translation task. An ANOVA was conducted on ERP data with the Type of
Training (semantic training, lexical training) as a between-participant factor and
Translation Direction (forward, backward), Laterality (left, central, right) and Anterior-
Posterior Electrode Distribution (frontal, central, parietal) as within participant

variables. After eliminating trials in which the EEG signal was contaminated, the
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averages in each experimental condition (forward translation, backward translation)
were comprised of a mean of 105 out of 120 trials in the lexical group of training trials
and 97 trials out of 120 trials in the semantic group of training. The statistical analyses
were conducted on three consecutive time windows time-locked to the onset of the
words to be translated. These temporal windows were selected based on careful visual
inspection and previous electrophysiological studies addressing translation tasks
(Palmer, van Hooff, & Havelka, 2010; Phillips, Klein, Mercier, & de Boysson, 2006). The
150-300 ms window was used to index the P200 component associated to lexical
access (Guo et al., 2012). The 300-500 ms time window was established to index the
N400 component usually present in translation tasks (Phillips et al., 2006). Finally, the
500-700 ms time window was used to explore the P600 or LPC associated to the re-

evaluation of information and semantic processing (Kolk & Chwilla, 2007).

Naming task. An ANOVA was conducted on ERP data with Type of Training
(semantic training, lexical training) as a between participant factor and the Language in
which participants named the pictures (L1 naming, L2 naming), Laterality (left, central,
right) and Anterior-Posterior Electrode Distribution (frontal, central, parietal) as within
participant variables. After eliminating trials in which the EEG signal was contaminated
by eye movements or amplifier saturations, the averages in each experimental
condition (L1 naming, L2 naming) were comprised of a mean of 106 out of 120 trials in
the lexical group of training and 100 out of 120 trials in the semantic group of training.
Three temporal windows were established time-locked to the presentation of the
pictures to be named. These time-windows were selected based on visual inspection
and previous studies on picture naming (Blackford et al., 2012; Verhoef et al., 2009).
The 150-250 ms window was used to index the N200 component usually found in
picture naming tasks (Christoffels, Firk, & Schiller, 2007). The 250-400 ms time window
was selected to index the N400 component (Backford et al., 2012). Finally, the 400-700
ms time window was selected to evaluate late ERP modulations usually found when

participants name pictures across languages (Christoffels et al., 2007).

In each time window of the translation and naming tasks, the main analyses are
presented first. Afterwards, the results obtained in the lexical and semantic training

group are presented separately. In all repeated-measure ANOVAs reported in the
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study, the Greenhouse-Geisser correction (Greenhouse & Geisser, 1959) for
nonsphericity of variance was used for all F-ratios with more than one degree of
freedom in the denominator; reported here are the original df, the corrected

probability level, and the € correction factor.

Procedure

The study was conducted in a single day, with participants being tested
individually in the EEG recording room. E-prime experimental software was used for
stimulus presentation and data acquisition (Schneider et al., 2002). Firstly, participants
performed a familiarization task where all the 60 pictures used in the experiment were
presented along with their Spanish names. The participants were instructed to see
each picture and its more common name in Spanish and to press the space bar any

time they wanted to see another picture.

After finishing the familiarization phase, the L2 vocabulary-learning task was
introduced (semantic or lexical training). The training lasted 75 minutes approximately
(depending on the response time of participants in the practice tasks). After
completing the L2 acquisition phase, the experimenter proceeded with the mounting
of the electrode cap. Finally, participants continued with the evaluation tasks
(translation and naming tasks). The evaluation tasks order was not counterbalanced

across participants. The complete session lasted approximately 120 minutes.

RESULTS

Firstly, we report the behavioral results obtained during the training task.
Afterwards, we present the electrophysiological results of the two evaluation tasks

(translation, naming) that participants performed after the training session.

L2 vocabulary learning tasks

Correct responses in the L2 lexical training and L2 semantic training phases
were 71.18% (SE = 6.40) and 84.94% (SE = 5.35), respectively. The reaction times (RTs)
associated with correct responses in the training tasks were trimmed following the
procedure described by Tabachnick and Fidell (2001) to eliminate univariate outliers.

Raw scores were converted to standard scores (z-scores). Following standardization,
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any data points that were 3 SD outside the normal distribution 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. The
percentages of data excluded from the L2 lexical and semantic training phases were
4.39% and 10.00%, respectively. We conducted an analysis of variance (ANOVA) on
recall percentages and RTs with type of L2 training (semantic training, lexical training)
as a between-participants factor and block of training (10 levels, from the first block to

the last block of training) as a within-participants variable.

The accuracy analyses revealed a significant effect of type of training, F(1, 54) =
13.70, p < .001, nz = .20. Participants recalled more L2 words in the semantic training
(84.95%, SE = 5.35), relative to the lexical training (71.18%, SE = 6.40). The main effect
of block of training was significant, F(9, 486) = 46.16, p < .001, n° = .46. The Type of
Training x Block of Training interaction was significant too, F(9, 486) = 2.07,p =
.03, n? = .04. Linear trend analysis was significantin the lexical training, F(1, 27) =
58.45, p < .001, n* = .68, and the semantic training, F(1, 27) = 59.72, p < .001, n* = .69.
In the lexical training, participants were more accurate at the end of the training
(80.30%, SE = 2.97) compared to the beginning of the training (58.75%, SE = 1.90). The
same pattern of results was found in the semantic training; participants recalled more
L2 words at the end of the training (89.17%, SE = 3.00) compared to the beginning of
the procedure (72.62%, SE = 1.90). Thus, there was a practice effect with more correct
responses at the end of the training relative to the beginning of the learning
process (see Figure 18). The differences in recall percentage between the first and the
last block of training were higher in the lexical training (21.55%) compared to the

semantic training (16.55%).

The latency analyses revealed a significant effect of the type of training, F(1, 54)
= 46.95, p < .001, n* = .47. RTs were faster during semantic training (1292 ms, SE = 195)
in comparison with lexical training (1964 ms, SE = 294). The main effect of block of
training was significant, F(9, 486) = 42.59, p < .001, n° = .44. In addition, the Type of
Training x Block of Training interaction was significant, F(9, 486) = 3.10, p = .001, r)2 =
.06.
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In the lexical training phase, linear trend analysis was significant, F(1, 27) =
26.75, p < .001, n? = .50, with faster responses at the end of training (1568 ms, SE
=71.43) relative to the beginning of training (2358 ms, SE = 108.14). Linear trend
analysis was also significant during semantic training, F(1, 27) = 107.02, p < .001, n* =
.80, with faster RTs at the end of training (1090 ms, SE = 71.43) relative to the
beginning of the training (1695 ms, SE = 108.13). Thus, the more our participants
trained, the faster they responded; however, the difference in RT between the first
and the last block was larger in the lexical training phase (791 ms) compared with

semantic training (604 ms) (see Figure 18).
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Translation task

The results obtained in the translation task are presented in Figure 19 and
Figure 20 for the lexical and semantic training groups respectively. The complete
pattern of statistical results obtained in the translation task for the lexical and

semantic training groups is reported in Table 13.

150-300 ms time window. . The type of training effect was not significant, F < 1.
No interactions including the type of training factor were significant (all ps > .05). No
main effects or interactions were significant when these effects were evaluated

separately in the lexical training and the semantic training group (all ps > .05).

300-500 ms time-window. The type of training effect was not significant, F < 1.
The interaction between Type of Training x Laterality was marginal, F(2, 104) = 2.89, p
= .06, € = .99, n° = .05. There were significant differences between types of training in
the left hemisphere, F(1, 52) = 5.69, p = .02, r72 =.10. Brain waves were more negative
in the semantic training (M = -.29 uV, SE = .14) compared with the lexical training (M =
.20 nV, SE = .14). The type of training effect was not significant in the midline areas, F <
1, or in the right region, F(1, 52) = 2.00, p = .16, 172 =.04.

Lexical training. The Translation Direction x Lateral axis interaction was
significant, F(2, 52) = 4.77, p = .01, € = .95, n” = .16. There were significant differences
between translation directions in the right hemisphere, F(1, 26) = 10.17, p = .004, r]2 =
.28. More negative brain waves were observed in the forward translation direction (M
= -.49 uV, SE = .20) than in the backward translation direction (M = .01 pV, SE = .19).
The differences between translation directions in the left hemisphere and the midline

regions were not significant (all ps > .05).

Semantic training. In this group of participants, the Translation Direction x
Anterior-Posterior axis x Lateral axis interaction was marginal, F(4, 104) = 2.27, p = .07,
e = .87, n” = .08. In frontal regions, the translation direction effect was not significant in
the left area, t(26) = 0.25, p = .80, the midline area, t(26) = 0.26, p = .79, or the right
area, t(26) = 0.72, p = .47. In central regions, the translation direction effect was not
significant in the left area, t(26) = 0.37, p = .72, but brain waves were more negative in

forward translation relative to backward translation in midline regions, t(26) = 2.13, p =
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.04, and right regions, t(26) = 3.11, p = .004. Finally, in parietal regions, the translation
direction was not significant in the left area, t(26) = 0.43, p = .67, it was significant in
midline regions, t(26) = 2.47, p = .02, and it was marginal in the right region, t(26) =
1.95, p = .06.

Thus, the translation direction effect in the 300-500 ms time-window was more

broadly distributed in the semantic training group than in the lexical training group.

500-700 ms time-window. The Type of Training x Anterior-Posterior axis x

Lateral axis interaction was significant, F(4, 208) = 2.50, p = .04, € = .95, n° = .05.

Lexical training. The Translation Direction x Anterior-Posterior axis interaction
was significant, F(2, 52) = 10.47, p =.001, € = .62, r72 =.29. Additionally, the Translation
Direction x Lateral axis interaction was significant, F(2, 52) = 4.46, p = .03, € = .66, nz =
.15. In frontal areas, the translation direction effect was not significant in the left
region, t(26) = 1.64, p = .11, but it was significant in the midline region, t(26) = 2.31, p =
.02, and in the right region, t(26) = 3.60, p = .003. In central areas, there were no
significant differences between translation directions in the left region, t(26) = 1.47, p
= .15, although they were significant in the midline region, t(26) = 2.30, p = .03, and in
the right region, t(26) = 4.03, p < .001. Finally, in parietal areas, the differences
between translation directions were significant in the left area, t(26) = 3.56, p = .001,
and marginally significant in the midline, t(26) = 1.76, p = .09, and right areas, t(26) =
1.73, p = .09.

Semantic training. In the semantic training, the Translation Direction x Anterior-
Posterior axis interaction was significant, F(2, 52) = 16.71, p < .001, € = 78, nz =.39.
There were differences between translation directions in frontal regions, F(1,26) =
18.24, p < .001, n’ = .41, with more positive brain waves for the backward (M = -1.41
uV, SE = .63) than for the forward (M = -2.97 uV, SE = .58) translation direction. In
central areas, the differences between translation directions were significant, F(1, 26)
= 16.46, p < .001, r]2 = .39, with more positive amplitude for the backward (M = 1.52
uV, SE = .27) than for the forward translation direction (M = .52 pV, SE = .23). Finally,
the difference between translation directions was significant in parietal regions, F(1,

26) = 8.87, p = .006, r]2 = .25. In this case, mean amplitude was more positive in the
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forward (M = 1.83 pV, SE = .52) than in the backward translation direction (M = 1.07

uV, SE = .57).

Table 13. Statistical Analyses Performed on ERP Data. Translation Direction Effects and

Interactions in the Translation task Performed by the Lexical Group of Training and the

Semantic Group of Training.

Lexical Training

Semantic Training

Time-window

150-300ms  TD

TD

TD

TD

300-500 ms TD

TD

TD

TD

500-700 ms TD

TD

D

D

Effects

X AP axis

x LM axis

X AP axis x LM axis

x AP axis

x LM axis

X AP axis x LM axis

x AP axis

X LM axis

X AP axis x LM axis

F P
.26 .61
1.99 17
1.51 .23
.84 45
1.27 .27
1.33 .26
4.77 .01*
.92 42

12.05 .001**

10.47 .001%**

4.46 .03*

46 72

F p
2.23 .15
.62 A7
46 .61
2.26 .09
3.35 .07
1.57 .22
2.72 .09
2.27 .07

12.82 .001**

16.71 .001%**

.33 .63

1.78 .16

Note. TD: Translation Direction, AP: Anterior-Posterior, LM: Lateral-Medial. *p < .05, **p <.001
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Translation Task (Lexical Training)
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Figure 19. Grand Average ERPs for the forward (L1-L2) translation (solid lines) and backward (L2-L1) translation (dashed lines) obtained in the Lexical Group of Training. The time-
windows analyzed in the study are framed by a dotted rectangle. * p <.05
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Translation Task (Semantic Training)

B 5 4 FZ Y L RRR— o
'g : 'g : ! : -g :
K ? -1 s N
S/ il 7\ Bl I O\
-100} 100\5‘5@/3( -100} 1005\@/300 400 500 600 700 800ms -100} 100W3(
3 : 3 3 : :
pv A1 pv 4 pv 4
N200 N400 LPC N200 N400 LPC N200 N400 LPC
4 Cc3 R R 5 4 czZ R B 4 Cca e R
-3 : : : 3 : : : -3 : ' :
2 : : : 2 : : : 2 : : :
Ll BN ———— Ll PN —— —den —————
h | g . —_ - T : -~ :
-100% ] 100:2007300 400 500" 608, 700860 ms -100} 100M260°300 400580 OONZ08 500 ms -100} 1085\4*% )¢ 400 506- 600 TD0=890 ms
3 : : : 3 : : s 3 : : :
pv 4 EUURUUES SRR SURUTRSR f v Al pv 4
N200 N400 N200 N400 LPC N200 N400 LPC
4 p3 g 4 pZ e i 4 P4
-3 : 5 : 3 : : : -3 : : :
-2 : e : 2 : z : 2 : z :
N Al _ 3PN N
’ T, R s . 7 ' ' VAN T
-100] 1 100 200 3¢ : 00 800 ms -100} ' 0ms -100} Mzoo Q0 400 50 00~800ms
3 | i | 3 | . | 3 | - |
N200 N400 N200 N400 LPC N200 N400 LPC

——L1-L2 translation — — L2-L1 translation

Figure 20. Grand Average ERPs for the forward (L1-L2) translation (solid lines) and backward (L2-L1) translation (dashed lines) obtained in the Semantic Group of Training. The
time-windows analyzed in the study are framed by a dotted rectangle. * p < .05
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Naming task
The results obtained by the lexical and semantic training groups are presented
in Figure 21 and Figure 22 respectively. Additionally, summaries of statistical analyses

conducted for both training groups are reported in Table 14.

150-250 ms time-window. The type of training was not significant, F(1, 52) =
1.51,p=.22, /72 = .03, nor this variable interacted with any other (all ps > .05). No main
effects or interactions were significant when brain waves of the lexical training group

and the semantic training group were analyzed separately (all ps >.05).

250-400 ms time-window. The main effect of type of training was not

significant, F < 1, and this variable did not interact with any other (all ps >.05).

Lexical training. In the lexical training, no main effects or interactions between

variables were significant (all ps >.05).

Semantic training. In the semantic training, the Naming Language x Anterior-
Posterior axis interaction was significant, F(2, 52) = 5.86, p = .007, € = .86, nz =.18. In
frontal areas, the naming language was not significant (p > .05). The effect was
significant in central areas, F(1, 26) = 9.86, p = .004, n° = .28, with more negative
amplitudes in L2 naming (M = -.36 My, SE = .39) than in L1 naming (M = .33 My, SE =

.39). In parietal areas, the effect was not significant, F< 1.

400-700 ms time-window. In this time-window, the Type of Training x Lateral
axis interaction was significant, F(2, 104) = 5.23, p = .007, € = .96, n° = .09. Significant
differences between types of training were obtained in the right hemisphere, F(1, 52) =
13.11, p < .001, nz = .20, with more positive amplitude in the semantic training (M =
.71 My, SE = .18) than in the lexical training (M = -.24 Mv, SE = .18). The type of training

was not significant in any other brain region (all ps > .05).

Lexical training. When the lexical training was considered, the Naming
Language x Anterior-Posterior axis interaction was significant, F(2, 52) = 4.05, p = .03, ¢
= .76, nz = .13. The naming language effect was not significant in frontal and central
regions (all ps > .05). However, in parietal areas, there were significant differences

between naming languages, F(1, 26) = 5.40, p = .03, r)z = .17, with more positive
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amplitude in L2 naming (M = 1.26 My, SE = .41) than in L1 naming (M = .60 Mv, SE =
.33).

Semantic training. The Naming Language x Anterior-Posterior axis interaction

was significant, F(2, 52) = 6.02, p = .01, € = .71, n° = .19. There were differences

5.90, p = .02, n° = .23, with

between naming languages in frontal regions, F(1,26)
more positive brain waves in L1 naming (M = -.95 My, SE = .50) than in L2 naming (M =
-1.94 My, SE = .55). In central regions, the differences between naming languages were
significant too, F(1, 26) = 5.45, p = .03, n = .21, with more positive amplitude in L1
naming (M = 2.07 My, SE = .41) than in L2 naming (M = 1.34 Mv, SE = .28). In parietal
areas, the differences between naming languages were also significant, F(1, 26) = 4.88,
p = .03, n° = .19. However, in this case more positive amplitude was found in the L2

naming (M = 1.89 My, SE = .43) than in L1 naming (M = .97 My, SE = .49).
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Table 14. Statistical Analyses Performed on ERP Data. Naming Language Effects and

Interactions in the Naming task Performed by the Lexical Group of Training and the

Semantic Group of Training

Lexical Training

Semantic Training

Time-window

150-300 ms D

TD

TD

TD

300-500 ms TD

TD

TD

TD

500-700 ms TD

TD

TD

D

Effects

X AP axis

x LM axis

X AP axis x LM axis

x AP axis

x LM axis

x AP axis x LM axis

x AP axis

x LM axis

X AP axis x LM axis

.04

.35

13

.06

.75

2.26

.58

2.20

1.39

4.05

81

1.05

.83

.64

.78

.86

.39

13

.54

.08

.25

.03*

43

37

.06

.64

.28

.76

.86

5.86

1.15

.56

2.65

6.02

.52

12

.80

46

73

.52

.36

.007*

.30

.63

12

.01*

.53

.93

Note. NL: Naming Language, AP: Anterior-Posterior, LM: Lateral-Medial. *p < .05
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DISCUSSION

In the field of FL vocabulary acquisition, one of the main differences between
novice and expert learners is the strength of the relationships between meaning and
L2 words. Poorly fluent learners use their L1 lexicon when they process L2 words. In
contrast, expert bilinguals rely on semantic processing during L2 processing (Frenck-
Mestre & Prince, 1997; Kroll & Stewart, 1994; Potter et al., 1984; Talamas et al., 1999).
Many behavioral studies show that this increased semantic analysis is possible in early
stages of vocabulary acquisition if the learning tasks stimulate this type of processing
(picture-word association training) as compared to other learning methods (word-
word association training) (e.g., Comesaia et al., 2009). However, to our knowledge,
there are no electrophysiological studies examining the consequences that the type of

training (semantic vs. lexical) might have when individuals acquire vocabulary in a FL.

In our study, we compared the learning of L2 words from a lexical learning
group that received pairs of L1-L2 words and practiced with a lexical task (grapheme
monitoring) and a semantic learning group that received pictures-L2 words and
practiced with a semantic task (semantic categorization). The results obtained at the
end of 10 blocks of training revealed an overall learning effect with higher number of
correct answers and faster response times at the end of training compared to the
beginning of learning. Although the learning curve was independent of the type of
learning, the performance of the learning task was lower in the lexical group than in
the semantic group. This pattern of results has been previously obtained (e.g., Garcia-
Gamez & Macizo, 2019) with the same training tasks than those used in the current
study and this task effect seems to be due to the greater difficulty of the grapheme
monitoring than the semantic categorization (see Garcia-Gamez & Macizo, 2019, for a
detailed discussion on this issue and for experimental data showing the greater
difficulty of the lexical vs. semantic task). However, regardless of the differences
between the two training groups, word recall was higher at the end of training (above

80%) compared to the beginning of learning.

After the learning phase, we considered electrophysiological measures
associated with the translation and naming tasks to evaluate the impact of lexical and

semantic learning on L2 vocabulary acquisition.
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In general, the results found in the translation task revealed greater brain-wave
negativity in the 300-500 ms time-window in the semantic training group compared to
the lexical training group. This pattern of results appears to indicate that the semantic
training group was engaged in deeper semantic processing. In fact, previous studies
show that the amplitude of the N400 component as an index of semantic processing
depends on the fluency of participants in L2. Thus, L2 words produce larger N400
effects in highly proficient L2 bilinguals compared to L2 learners with low proficiency
(Midgley et al., 2009; Rodriguez-Fornells, Cunillera, Mestres-Missé, & de Diego-
Balaguer, 2009, for an overview). Therefore, the acquisition of L2 vocabulary based on
semantic training would reflect the pattern of brain activity observed in fluent

bilinguals during the performance of linguistic tasks.

Furthermore, the results revealed a translation direction effect with greater
N400 amplitudes in the forward translation than in the backward translation. This
pattern of data is consistent with other studies in which higher N400 is observed when
the difficulty in retrieving lexical information increases (Rugg, 1990, Van Petten &
Kutas, 1990). Moreover, this effect is consistent with the outcomes of many behavioral
studies in which more difficulty (slower response time) is found when participants
retrieve lexical forms in forward vs. backward translation (Kroll & De Groot, 2005; Kroll

et al., 2010; Poarch et al., 2014; Sholl et al., 1995).

On the other hand, the N400 modulations due to the translation direction
(greater negativity in forward than backward translation) were more widely distributed
in the semantic training group (central and parietal regions) than the lexical training
group (right central region) (Figures 19 and 20). The broader distribution of the N400
component when the semantic learning group performed the forward translation task
is in line with previous research in which highly fluent bilinguals show an N400
component located in the same brain areas (Deacon et al., 2004; Holcomb, 1993;
Kerhofs, Dijkstra, & de Bruijn, 2006; Palmer et al., 2010). Thus, electrophysiological
response observed in the semantic vs. lexical training group closely resembles that of

highly fluent bilinguals.

In the late time window (500-700 ms), the translation direction modulated the

LPC component. However, the magnitude and distribution of this component was
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similar in the semantic and lexical training groups. In translation tasks, the LPC has
been associated with reprocessing the information and checking the degree of
correspondence between the source and target language (Guo et al., 2012; Kolk &
Chwilla, 2007). Thus, the results obtained in our study suggest that, in translation
tasks, the type of training (semantic vs. lexical learning) modulates the retrieval of
words in the output language (modulation of the N400 component) but does not

determine the evaluation of correspondences between words across languages.

With regards to the picture naming task, the results revealed N400 modulations
depending on the output language. This effect was found in the semantic training
group but not in the lexical training group. Specifically, the semantic training group
showed greater negativity in central brain regions when the naming task was
conducted in L2 compared to the L1 naming task. This data seems to indicate that the
learners in the semantic group behaved as fluent bilinguals during the L2 naming task.
In fact, in previous research it has been observed that expert vs. novice learners show
greater sensitivity to semantic processing when performing L2 linguistic tasks which is
reflected in a higher N400 (Midgley et al., 2009). On the other hand, in the semantic
group, the greater N400 amplitude when naming in L2 vs. L1 would come from the
weight of the connections between the semantic and the lexical systems in L1 and L2.
It is widely demonstrated that in L2 learners, the weight of the connections between
the meaning and the words in their native language are stronger than the connections
between the meaning and the words in L2 (De Groot & Poot, 1997; Kroll & Stewart,
1994; Poarch et al., 2014; Van Hell & De Groot, 2008). Thus, the participants in the
semantic group would show greater ability in recovering the name of the pictures in

their native language than in their L2.

However, it may be asked why the participants in the lexical group did not show
electrophysiological differences in the N400 time-window associated with the
language used to name the pictures (L1 vs. L2). This outcome appears to suggest that,
regardless of the naming language, these participants performed the task in the same
manner by retrieving the name of the picture in their native language. In fact, several
behavioral studies show that in poorly fluid bilinguals, L2 picture naming involves the

retrieval of lexical information in the L1 lexicon (Kroll et al., 2002).
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Thus, in the N400 time-window, the results obtained in the picture naming task
would indicate that the learners in the semantic training group made an early
differentiation between their languages and were able to use a processing route from
semantics to L1 words or to L2 words according to task (L1 naming or L2 naming,
respectively). In contrast, the lexical training group seemed to use a common
processing route via L1 lexical activation regardless of the language needed to perform

the naming task.

Finally, in the late temporal window, a LPC modulation was found due to the
language in which the participants named the pictures. Specifically, in posterior
regions, greater positivity was found when participants named the pictures in L1 than
in L2. The polarity of the LPC found in our study was reversed in frontal regions; a
pattern similar to that reported in previous work in which L2 learners show an
opposite distribution of the LPC over the anterior scalp than the posterior scalp (e.g.,
Guo et al.,, 2012). The amplitude of the LPC component has been related to the
difficulty in rechecking information. For instance, Guo et al. (2012) reported greater
amplitude of the LPC component in a translation recognition task when word pairs
were not translation equivalents but were semantically related compared to unrelated
word pairs. In the related word pair condition, further reanalysis of the information
would be necessary to corroborate that the words were not correct translations of
each other. In our study, the greater amplitude of the LPC in the L2 vs. L1 naming task
would imply the increased need to verify that the selected word actually designated

the picture name in L2.

To conclude, the results obtained in this study seem to indicate that the type of
training used for L2 vocabulary acquisition determines the strength and type of
connections established between the semantic system and new L2 words.
Electrophysiological evidence seems to indicate a deeper semantic processing in the
picture-L2 word association training compared to the L1 word-L2 word association
learning. Furthermore, the semantic training group appears to prefer a direct
processing route between meaning and L2 lexicon (e.g., in L2 naming) while the lexical
training group seems to be anchored in retrieving L1 lexical information when they

perform linguistic tasks that involve the use of the new words learned in the FL.
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Conclusions and

Future Research Questions

227



228



CHAPTER VI

General Discussion

and Conclusions

We always thought that the title “How to learn vocabulary in a foreign
language” was too pretentious and perhaps the reader had the same feeling at some
point. There are lots of researchers working on this issue since long time ago.
Currently, there is no consensus on the best strategy for learning a new language. Of
course, we do not have a final conclusion on this issue. Learning a language is not as
easy as rubbing a magic lamp. In our opinion, we will never find a perfect strategy for
learning a new language. We are not robots; we are not programmed in the same way.
Each person is unique and will probably have her best way of learning a new language.
However, our research is a starting point to look for training programs that improve

the process of learning a FL.

First of all, we would like to analyze what is common in our experiments and
why these common factors are relevant. The age of the participants was one of the
most important choices for our study. As mentioned in previous sections, children are
still in the process of creating connections at brain level when they are exposed to a
new language. However, when adults decide to learn a new language, their linguistic
connections are already formed. It is therefore reasonable to expect that the two
population groups will not behave in the same way when learning a new language.

(Chen & Leung, 1989; Comesafa et al., 2009). This is the reason why we decided to
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select young adults as participants for our studies. Thus, the age of our participants
was equated through the experiments (young adults) and this allows us to make direct
comparisons across experiments with different vocabulary acquisition strategies in L2.
On the other hand, all participants who took part in our experiments were native
Spanish monolingual speakers. The monolingual condition was crucial because, as
observed in previous works, people who already speak another language apart from
their mother tongue, could have an advantage to learn a third language. Is not the
objective of this work to analyze the positive influence of bilingualism in third language
acquisition (TLA) and the linguistic consequences of multilingualism, but people who
are used to learn languages develop special strategies and they have a larger
intercultural and linguistic repertoire available during the learning process (Elorza &
Mufoa, 2008; Jarvis & Pavlenko, 2008, see Cenoz, 2013 for a review). In addition,
although our participants received different training methods across studies, they
always learned Vimmi, an artificial language, as the FL (Jalbert et al., 2011). Using an
artificial language allowed us to equate the participants in their knowledge of the
language of learning. After reviewing different common aspects through our
experimental series, we continue to integrate the results of our study within the RHM

model (Kroll & Stewart, 1994).

Gestures and L2 learning

The results obtained in our first line of research seem to suggest that gestures
favor semantic processing and the establishment of links between the semantic system
and the lexicon in L2. Different data seem to support this conclusion. On the one hand,
word learning was greater in the congruent gesture condition compared to the
meaningless condition. What differentiates these two conditions was the degree of
semantic relationship between the meaning of the word and the gesture. Thus, in the
congruent condition both the gesture and the word had a common meaning while in
the meaningless condition the gesture had no meaning. Therefore, gestures and words
in the congruent condition would increase semantic processing which benefited the
final learning outcome. On the other hand, processing gestures congruent with the
meaning of the word to be learned mitigated the negative effect associated with

performing a dual task (processing gestures and words). In fact, in our studies, we
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observed the negative consequences of performing a double task: In the incongruent
condition and in the meaningless gesture condition, the performance became worse
than in the no gesture condition. However, this negative effect due to the processing
of gestures turned into facilitation when these gestures were semantically congruent

with the meaning of the word.

On the other hand, in our studies, we found differences between the learning
of words and verbs. In general, the learning rate was higher with nouns than with
verbs. However, the inclusion of a congruent gesture condition eliminated the
difference associated with the learning of these two types of words. This effect again
demonstrates the efficiency of L2 learning based on semantic training. First, one of the
main features that makes nouns and verbs different is the greater semantic content of
nouns than of verbs. This fact would explain the superiority of nouns vs. verbs during
learning. Second, verbs have an intrinsic motor component in their representation
(e.g., action verbs involving movement). Thus, the greatest benefit of gestures during
the learning of verbs was expected (since verbs and gestures share common aspects of
movement processing). Third, the lack of differences in processing verbs and nouns
occurred in the congruent condition, a condition that favoured the semantic

processing of the learning material.

In the research line of gesture processing during L2 learning, we evaluated also
the effect of self-performed movements and movement observation in the L2
vocabulary learning process. In the educational system, this topic has been in the
spotlight for decades. The “learning-by-doing” theory posits that self-performed
actions while learning enhance the acquisition process in many educational fields
(Aleven & Koedinger, 2002; Bessen, 2015). Learning-by-doing can positively affect the
formation of neural networks underlying the acquisition of knowledge and the
performance of many cognitive skills (Goldin-Meadow et al., 2012). Several studies
have examined the differences between self-performed tasks and experimenter-
performed task (Cohen, 1981; Engelkamp & Zimmer, 1983). Some of them have
confirmed the importance of self-generated movements in the learning of linguistic
material. The performance of motor actions favors the learning of new words and the

benefit associated with the performance of movement during learning seems to be
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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 produce actions and when they only see actions produced by others
(e.g. Rizzolatti & Craighero, 2004). 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.

Implementing the same learning conditions addressed in Experiments 1 and 2,
we examined the role of gestures imitation vs. gestures observation while learning L2
verbs. In general, the learning performance was better in participants who imitated
the gestures while learning. However, when words and gestures were congruent in
meaning participants in both learning strategies reached similar levels of recall. This
pattern suggested that the mere exposure to gestures is sufficient to observe the
learning advantages associated to gesture processing. In previous studies, watching
movements produces a pattern of activation at brain level similar to that found during
actions performance (Stefan et al., 2005). This encoding facilitation is related to the
addition of sensorimotor networks to the word meaning. However, not all gestures
conditions are able to improve L2 acquisition. The facilitation effect was not found
when participants were exposed to incongruent and meaningless gestures in the “see”
learning group. The semantic mismatch between words and gestures meaning
produced an interference effect, reflecting integration difficulty in working memory
(Bernardis et al., 2008). In this case, the results obtained in our study suggest that
gesture imitation mitigates the negative effect of meaning mismatch between gestures
and words. This positive effect of self-performed gestures might be due to a reduction
in working memory load during the learning process (Cook & Goldin-Meadow, 2006).
Finally, the interference effect found with incongruent and meaningless gestures was
reduced in the forward translation direction, which is considered as more difficult than
backward translation. Hence, the facilitative effect of performing gestures is greater

when task demands increase (Marstaller & Burianova, 2014).

Thus, the results obtained in this line of research suggest that the mere

processing of gestures would facilitate the establishment of connections between the
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semantic system and the lexicon in L2. On the other hand, the performance of gestures
would reduce semantic competition within the conceptual system between the

meaning of the gesture and the word in the incongruent gesture condition.

L2 learning with lexical and semantic instructions

As we have discussed in different sections of this doctoral thesis, many studies
have compared semantic vs. lexical learning programs for L2 vocabulary acquisition.
Therefore, at this point, we want to highlight the new insights found in our work. First,
the usual way to implement semantic vs. lexical training programs is through the use of
picture-L2 word pairs and L1-L2 word pairs, respectively. In addition to this
methodology, we implemented a semantic task (semantic categorization) and a lexical
task (grapheme monitoring) during training. These tasks are effective because they
replicate the pattern of effects previously seen in word comprehension tasks. For
example, we found a semantic interference effect in the translation recognition task in
learners under semantic vs. lexical training. As in previous studies, this pattern of
results suggests that semantic training stimulates the strengthening of connections
between meaning and new words in L2. Also, through our studies, the recall

percentage after learning was high in both groups of training (about 80%).

Importantly, taken together, the results of our studies reveal a consistent
pattern of increased semantic processing in the group that received the picture-L2
word association learning, both in comprehension (translation recognition task) and
production (word translation, picture naming). For example, the semantic vs. lexical
training group performed the forward translation task more slowly, suggesting that
they used a semantic processing path that slowed down the translation process. In
contrast, these participants were faster in naming L2 pictures indicating that they used
a processing path from semantics to L2 lexicon, while the lexical group used a

processing route that involved the retrieval of L1 words.

Furthermore, in our research, electrophysiological indices (modulations of the
N400 component) seem to confirm the greater conceptual processing in the group of
learners under semantic training, both in translation tasks and in naming tasks. Thus,

the semantic group showed greater N400 amplitude when translating in the forward
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direction than in the backward direction, and a greater scalp distribution of this effect
which suggested deeper semantic processing than that of the lexical group. Moreover,
greater N400 amplitudes were found when the naming task was conducted in L2 vs. L1
in the semantic group but not in the lexical group. This outcome shows the greater
difficulty associated with semantic processing in the picture-L2 word association
method compared to the similar processing of the lexical group when naming pictures
in L1 and L2 (possibly by retrieving the name of the picture in L1). Finally, these
differences in semantic analysis due to the type of training were not only observed
during the processing of single words but also when processing words embedded in
sentences. Thus, the semantic group was able to make use of the context to anticipate
the occurrence of new words at the end of a sentence. In contrast, the lexical training
group seemed to focus on the superficial analysis of words and did not display this

cloze probability effect.

On the other hand, it is important to note that the increased semantic
processing in the semantic processing group was not detrimental to the functioning of
other linguistic processes. Thus, both learning group exhibited similar pattern of lexical
processing (e.g., similar performance in the lexical decision task). In addition, the
reanalysis of information process (e.g., to check the correction of words produced in
word translation and picture naming tasks) was roughly similar in both training groups

as revealed by the similar LPC modulations found in both groups of training.

Finally, it should be pointed out that although the learning rate obtained in the
semantic and lexical training groups was similar across studies, the learning based on
conceptual processing seemed to reduce the cost associated with switching between
learning sessions. Thus, when the training method was conducted on two consecutive
days, the lexical training group showed a cost between the end of the first session and

the beginning of the second session. This cost was not found in the semantic training

group.

Conclusion

In this doctoral thesis we have compared the efficiency of different strategies

for learning a L2. In general, we have observed that with different methodologies (the
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use of congruent, incongruent, and meaningless gestures, the use of lexical and
semantic tasks) the learners are able to achieve good levels of learning at the end of
the training. However, the cognitive structure underlying these types of learning
varies. A fluent bilingual is defined by the richness of semantic processing. When an
expert bilingual wants to express in a L2, she would produce the communicative
intention (meaning) directly with words in that language (L2 lexicon). In our study, we
have seen that some learning strategies are better than others in promoting semantic
processing and, consequently, fostering the type of cognitive processing present in
fluent bilinguals. The inclusion of gestures congruent with the words to be learned, the
performance of gestures during learning, the use of associations between pictures and
words, the use of semantic categorization tasks; all these procedures converge on the
same point: to increase semantic processing during the acquisition of vocabulary in a

L2.
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CHAPTER VII

Future Research

Questions

A total of six different experiments have been presented in this thesis.
However, there is still a lot of work to do. There were ideas since the beginning of the
process which could not be carried out and, in addition, these experimental series

made raise new questions.

Regarding the first of the experimental series about the role of gestures in L2
learning, one more study was developed and carried out. After reading an interesting
paper about changes in time-frequency oscillations as a result of new words learning
(Bakker et al., 2015) and seeing the opportunity of having my international research
stay, we contacted the Max Plant University of Nijmegen, in Holland. We proposed a
new experiment to perform during the stay. We wanted to see oscillatory
consequences of learning words coupled with gestures. We made specific predictions
taking into account the results obtained in our experiments and the information
provided in this paper. This work has not been included in this dissertation because
these data are not still fully analyzed and interpreted. As my thesis director used to
say, “We can't include everything; we have to cut at some point”. However, | can

already say that the preliminary analyses reveal promising results.

Following with this research line, during the writing of the paper addressing

Experiments 1 and 2, some ideas appeared. In the congruent condition, the motor
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trace associated with the gesture was part of the meaning of the word. Hence,
semantic processing was enhanced, which promoted the acquisition of L2 words. The
facilitation effect observed with congruent gestures could also be explained by the
motor-trace perspective (Engelkamp & Zimmer, 1984, 1985). According to this view,
familiar gestures would have a strong motor trace representation in memory, which
would favor L2 learning. A way of dissociating between the motor-trace and the
motor-imagery account would be the use of beats and deictic gestures. Previous
studies have evaluated the role of these gestures in L2 learning (Kushch et al., 2018;
Morett, 2014; So et al., 2012). For example, Morett showed that the use of beat and
deictic gestures facilitated the recall of words in a language not familiar to the
participants. Beats and deictic gestures are typically produced with language and they
have meaning associated with them. However, their meaning may not be part of a
word’s meaning (particularly for beats). Therefore, the comparison between iconic
gestures versus beats would be of interest to dissociate between theoretical
perspectives. A facilitation effect with beats would favor the motor-trace theory, and a
greater facilitation effect in case of iconic gestures would be explained by the motor-

imagery account.

In the second experimental line about the comparison of learning strategies
based on lexical or semantic instructions, some ideas also emerged. Our study
suggested that the use of gestures congruent in meaning with the word to be learned
enhances the acquisition process. Other methods based on conceptual analysis of the
material foster L2 learning. As in our semantic training, pairing new words with
pictures denoting its meaning enhance the semantic processing of information. In the
future, it would be interesting to evaluate whether these two supporting materials
might have additive effects on L2 vocabulary acquisition. Or even it would be
interesting to compare the effect of both learning methodologies to directly observe

the magnitude of their effectiveness.

Another possible and interesting option could be to evaluate the effect of both
training types on the learning of abstract words. In our studies, we implement
concrete and familiar nouns as learning material. These types of words are

semantically rich and methods as the picture-word association could easily affect then.
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However, abstract words have proven to have a lesser conceptual information
associated to their semantics. It would be interesting to observe the effect of the
lexical-semantic training methods in the learning of abstract words. This work would
be very relevant but the selection of experimental material would be challenging. It is

not easy to find pictures clearly associated to abstract words.

Considering the results obtained in our EEG study, designing an experiment
including different learning and evaluation sessions, would give us more information
about the development of the learning process. Evaluating participants 24 hours after
the first learning session could give us information about the consequences of the
consolidation effect depending on the learning strategy. In addition, exposing
participants to the learning material through more learning sessions and to establish
different evaluation sessions after training would show which of the learning strategies

create more perdurable memories.

After checking the effects of lexical-semantic methods with isolated words, we
evaluated the electrophysiological correlates of these training procedures. After that,
we observed that differences between learning procedures were also present when
words were included in sentence contexts. Following a coherent succession of our
studies, it would be interesting to evaluate the impact of lexical and semantic learning

methods in sentence reading with electrophysiological measures.
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Capitulo VIII

Resumen y

Conclusiones

El campo de investigacion sobre el bilingliismo ha despertado siempre gran
interés, pero ha cobrado especial importancia en los ultimos afos (Kroll et al., 2014;
Kroll & Tokowicz, 2005). Hoy en dia, nos encontramos envueltos en sociedades
multiculturales. Este fendmeno se encuentra en acuciante auge como consecuencia de
diferentes factores sociales y demograficos. Por ejemplo, cada vez mas personas que
buscan sus primeros trabajos o condiciones laborales mas favorables, se ven
empujadas a buscar empleo fuera de las fronteras de sus paises de origen o se les
requiere hablar varios idiomas para acceder a puestos de trabajo. En cualquier caso,
para desenvolvernos plenamente en estas sociedades cambiantes de las que somos
participes, es necesario que adquiramos diferentes destrezas y el poder comunicarnos
eficientemente cobra gran importancia. Por este motivo, los investigadores del campo
del bilingliismo llevan varias décadas buscando estrategias que faciliten este proceso
de aprendizaje de lenguas (Comesafia et al., 2009; Goldin-Meadow et al., 1992;

Macedonia et al., 2011; Macedonia & Kriegstein, 2012; Tonzar et al., 2009).

En primer lugar, cabe destacar el importante papel de los profesores en
general, y mas concretamente en este caso, de los profesores de lenguas. Estd en sus

manos elegir las metodologias de ensefanza que mejor se adapten a sus alumnos y sus
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materias, y no hay mejor manera de reciclarse que mantenerse al dia sobre nuevas

estrategias de ensefianza basadas en investigacién (Maclellan, 2015).

El tema de aprendizaje de lenguas no afecta Unicamente a nifios en edad
escolar. Aunque a dia de hoy en muchos paises del mundo los nifios son educados
desde sus primeros afios de escolarizacion en el aprendizaje de otras lenguas
diferentes de su lengua materna, también los adultos, que no tuvieron esta

oportunidad, se ven necesitados de adquirir estas habilidades.

En este dmbito se ha centrado nuestra investigacion. Dentro de la gran
variedad de tematicas que abarca el bilingliismo, nos hemos propuesto estudiar qué
estrategias son capaces de facilitar y cudles pueden perjudicar al aprendizaje de una
segunda lengua en poblacién adulta joven. Tomando como participantes monolinglies
hablantes de espafiol, se han desarrollado diferentes experimentos en los que se ha
empleado como material de aprendizaje una lengua artificial llamada Vimmi. Por
tanto, en nuestros estudios, adultos monolinglies de Espafiol aprendieron Vimmi como
segunda lengua. Esta lengua, a pesar de ser artificial, respeta las normas lingtiisticas de
las lenguas latinas. Teniendo clara la poblacién a la que destinariamos la investigacion
y el material que usariamos como segunda lengua, se plantearon dos lineas de
investigacidn paralelas, centradas en dos campos concretos de estrategias que afectan
al aprendizaje de vocabulario en una nueva lengua. En primer lugar, nos plantemos
investigar el rol del uso de gestos durante el aprendizaje de vocabulario, y en una
segunda linea de trabajo, comparamos los resultados del aprendizaje basado en

estrategias léxicas y semanticas.

Una base fundamental para entender esta investigacidén, es conocer uno de los
modelos de procesamiento de segunda lengua mas aceptados. El Revised Hierarchical
Model fue propuesto en 1994 por Kroll y Stewart. Segun sus directrices, cabria
destacar tres nodos principales que tienen un papel fundamental en el aprendizaje de
una segunda lengua. El léxico de la primera y de la segunda lengua y el sistema
semantico, es decir, las palabras en la primera lengua, las palabras en la segunda
lengua y los significados. Estos tres elementos principales se encontrarian
interconectados y el peso de las conexiones entre estos nodos haria diferenciar entre

el procesamiento de aprendices de una segunda lengua y bilinglies expertos. Tanto en
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aprendices como en expertos, el Iéxico de la primera lengua estaria fuertemente
conectado con la semantica. Por otro lado, en aprendices, las conexiones entre el
Iéxico de la segunda lengua y la semantica serian débiles y emplearian preferiblemente
conexiones léxicas entre la primera y la segunda lengua durante el procesamiento. A
medida que avanza el proceso de aprendizaje de la segunda lengua, los aprendices
dejan de depender de las conexiones |éxicas entre lenguas y empiezan a fortalecer la
ruta semantica directa que une las palabras en la segunda lengua con los conceptos.
De esta forma, el peso de las conexiones léxicas de las dos lenguas con la informacién

semadntica en expertos seria similar (ver Figura 2, pagina 28).

Una vez descrito un modelo base para entender cdmo las personas representan
palabras en una segunda lengua, pasamos a describir las dos lineas de investigacion
desarrolladas en esta tesis doctoral. Aunque las dos lineas se han desarrollado

paralelamente, se analizardn por separado para facilitar el trabajo del lector.

Aprendizaje de Vocabulario en Segunda Lengua Basado en Gestos

En las series experimentales realizadas en esta linea, los participantes
aprendieron palabras en Vimmi en cuatro condiciones diferentes. En la condicién sin
gestos, palabras en Espafiol eran presentadas junto con sus traducciones en Vimmi
(por ejemplo, cuchara era presentada con su traduccién en Vimmi, deschoga). En la
condicidn congruente, las palabras en Espaiiol y su traduccién en Vimmi aparecian
junto con un gesto congruente (por ejemplo, el par cuchara-deschoga aparecia
asociado al gesto de sujetar una cuchara invisible y llevarla hacia la boca). En la
condicion de gestos incongruentes, las palabras en Espafiol y Vimmi aparecian
asociadas a un gesto que, aunque tenia significado, no se correspondia con el de las
palabras que debian aprender (por ejemplo, el par cuchara-deschoga aparecia junto al
gesto de de encender una cerilla). Por ultimo, en la condicion de gestos sin significado,
las palabras en Espafiol y Vimmi se presentaban con un gesto que no tenia significado
(por ejemplo, el par cuchara-deschoga aparecia junto al gesto de mover la mano desde
la frente hacia la oreja) (ver Figura 3, pagina 84). Estas cuatro condiciones fueron
incluidas con el fin de evaluar tres grandes teorias en relacion al papel de los gestos en
la adquisicién de vocabulario en una segunda lengua. Estas teorias son: a) the self-
involvement explanation (Helstrup, 1987), apoya que el mero hecho de hacer gestos

243



durante el aprendizaje hace que los participantes presten mads atencién a la tarea y
esto produciria una facilitacion en el aprendizaje, b) the motor trace account
(Engelkamp & Zimmer, 1984, 1985), sugiere que el trazo motor asociado a la
realizacion de gestos favoreceria el aprendizaje con independencia del significado de
los gestos y de las palabras, y por ultimo, c) the motor imagery explanation (Denis et
al.,, 1991) indica que solo en el caso en el que los gestos y las palabras tengan
significados coherentes, se facilitard el aprendizaje. Por ultimo, se generaron
predicciones especificas para cada condicién experimental teniendo en cuenta las

teorias.

Segln the self-involvement account, si los gestos solo hacen que los
participantes presten mas atencidn a la tarea, todas las condiciones en las que se
aprendia con gestos mejorarian el aprendizaje en comparaciéon a la condicién sin
gestos. Si the motor-trace theory estd en lo correcto, los trazos motores asociados a
gestos familiares (condiciones congruente e incongruente) mejorarian el aprendizaje
de nuevas palabras en relacién a gestos que no son familiares para los participantes
(condicién de gestos sin significado). Por ultimo, the motor-imagery explanation
sugiere que los gestos podrian tener efectos beneficiosos o perjudicar el aprendizaje
dependiendo de la convergencia entre el significado de los gestos y de las palabras. Los
gestos congruentes facilitarian el aprendizaje mientras que los gestos incongruentes

serian un obstdculo en el proceso de adquisicion.

Por otro lado, hasta ahora la mayor parte de los estudios que abordan el papel
de los gestos en la adquisicién de vocabulario en una segunda lengua, emplean verbos
como material de aprendizaje. Esta eleccién parece légica si tenemos en cuenta que
los verbos tienen un claro componente motor asociado a su semantica y, por tanto, el
efecto de los gestos en el aprendizaje seria mas facilmente observable con este tipo de
palabras. Tras plantear el experimento con verbos, nos preguntamos qué podria pasar
durante el aprendizaje de nombres. Los nombres son las primeras palabras aprendidas
cuando se sigue el desarrollo normal del lenguaje y ademas, en estudios previos se ha
mostrado que son mas faciles de aprender en comparacioén con los verbos, cuando se
comienza el contacto con una segunda lengua (Childers & Tomasello, 2002; Tardif et

al., 1997). Por todo ello, nos parecid coherente estudiar el efecto de los gestos durante
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el aprendizaje de verbos y nombres. Con el fin de poder realizar comparaciones, el
mismo procedimiento fue usado en ambos estudios. Dos grupos de participantes
aprendieron 40 nombres o verbos en Vimmi durante tres dias consecutivos. Las nuevas
palabras eran presentadas siguiendo las cuatro condiciones experimentales
presentadas anteriormente (no gestos, gestos congruentes, gestos incongruentes y
gestos sin significado) para su aprendizaje. Cada dia, tras finalizar la fase de
aprendizaje, evaluamos a los participantes con una tarea de traduccion directa e
inversa. Las palabras se presentaban en Espafiol (traduccién directa) o en Vimmi

(traduccidn inversa) para su traduccion en voz alta.

Los resultados mostraron que el uso de gestos que son congruentes con el
significado de la palabra que se ha de aprender, facilitan el aprendizaje de vocabulario
en una lengua extranjera. Por otro lado, el ejecutar gestos incongruentes o sin
significado parece generar una situacién de tarea dual que interfiere en el aprendizaje.
Aunque, en general, los verbos resultaron mas dificiles de aprender que los nombres,
en la condicién congruente no se observaron diferencias en el aprendizaje de estos dos
tipos de palabras. Lo anterior sugiere que el uso de gestos congruentes elimina la
dificultad asociada al aprendizaje de verbos frente al de nombres. Si tenemos en
cuenta el patron de datos, parece que la motor imagery account podria ajustarse en
mayor medida a nuestros resultados puesto que la congruencia entre el significado de

los gestos y las palabras marcé la diferencia en el aprendizaje de palabras.

Ademas, quisimos investigar si el efecto beneficioso de los gestos requeria que
los participantes realizasen activamente los gestos o bastaba con la mera observacion
de los gestos realizados por otra persona. Para tal fin, dos grupos de participantes
aprendieron verbos en Vimmi siguiendo cuatro condiciones experimentales (condicion
sin gestos, gestos congruentes, incongruentes y sin significado). El procedimiento fue
similar al del estudio anteriormente descrito, pero uno de los grupos imitaba los gestos
del experimentador durante el aprendizaje, mientras que otro grupo solo los
observaba. Los resultados mostraron que tanto la realizacion como la observacion de
gestos tuvieron un efecto beneficioso similar. Sin embargo, la interferencia asociada a
los gestos incongruentes y gestos sin significado, se veia reducida en el grupo de

participantes que realizaba los gestos. Por tanto, aunque los efectos beneficiosos de
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los gestos congruentes se observan en similar medida en ambos tipos de aprendizaje
(observacion e imitacién de gestos), la realizacién de los movimientos por parte de los
participantes aporta algo adicional que disminuye la interferencia en el aprendizaje

asociada a los gestos incongruentes y sin significado.

Estrategias de Aprendizaje de Segunda Lengua Basadas en

Metodologias Léxicas y Semanticas

En esta serie experimental, planteamos tres experimentos. El fin era comparar
como estrategias basadas en aprendizaje de tipo Iéxico o de tipo semantico afectaban
al procesamiento de las nuevas palabras aprendidas en una lengua extranjera.
Teniendo siempre como marco tedrico el Revised Hieralchcal Model (Kroll & Stewart,
1994), cabria esperar que los sistemas de aprendizaje basados en métodos semanticos
fortaleciesen las conexiones entre las palabras de la segunda lengua y su significado.
Este patron de procesamiento estd presente en bilinglies expertos y por tanto, una
buena estrategia de aprendizaje podria estar basada en el establecimiento de estas
conexiones. Por otro lado, métodos de aprendizaje léxico permiten establecer
conexiones entre las palabras de la primera lengua y sus traducciones en la segunda
lengua. En nuestro caso, seleccionamos como método de aprendizaje semantico un
paradigma de asociacion palabra-dibujo, en el que las nuevas palabras eran
presentadas con imdagenes que denotaban su significado. Ademas, como método de
apoyo durante el proceso de aprendizaje, los participantes realizaban una tarea de
categorizacidn semantica, que requiere del procesamiento semantico de las palabras.
Los participantes debian indicar si palabras que se presentaban en Vimmi pertenecian
a un determinado campo semadntico (por ejemplo, el nombre del campo semantico
“fruta” aparecia seguido de la palabra “raone”, platano en Vimmi). Para la estrategia
de aprendizaje léxica seleccionamos un método de asociacidn palabra-palabra, en que
las palabras en la primera y la segunda lengua se presentaban juntas para su
aprendizaje. También en este caso se incluyd una tarea de apoyo durante el
aprendizaje, pero en este caso, favorecia el procesamiento |éxico de las palabras. Los
participantes realizaron una tarea de monitorizacion de grafemas, en la que debian

indicar si un grafema estaba presente en tanto en la palabra en Espafiol como en su
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traduccién en Vimmi (por ejemplo, se presentaba el grafema “n” seguido de la palabra

en Vimmi “raone”) (ver Figura 10, pdgina 143).

Durante el aprendizaje, el grupo de participantes sujetos al entrenamiento
semantico llegd a mostrar un nivel de aprendizaje mas alto y tiempos de respuesta
mas rapidos. El numero total de exposiciones en ambos grupos fue idéntico. Tras la
fase de aprendizaje, sélo los participantes que habian adquirido las nuevas palabras
mediante el entrenamiento semantico mostraron un efecto de naturaleza semantica,
en concreto, un efecto de interferencia. Este efecto se caracteriza por mayores
tiempos de respuesta y mayor numero de errores cometidos ante estimulos
semdnticamente relacionados. Cuando en una tarea de reconocimiento de traduccién
se presentan ejemplares que pertenecen a la misma categoria semantica (por ejemplo,
si la traduccidn correcta de platano es raone y se presenta la palabra pera) para que el
participante decida si son traducciones correctas, los participantes tienen mas
problemas en comparacién con una condicién no relacionada, donde las palabras no
pertenecen al mismo campo semantico (por ejemplo, si la palabra roane, platano en
Vimmi, se presenta junto a la palabra perro). Este efecto es habitual en bilingles
expertos (Sunderman & Kroll, 2006; Talamas et al., 1999). Por tanto, podemos concluir
gue el método de aprendizaje semantico imita el patrén de procesamiento presente
en bilinglies expertos y potencia el establecimiento de conexiones entre las palabras

de la segunda lengua y el sistema semantico.

Tras comprobar el efecto positivo de las metodologias semanticas en el
aprendizaje de nuevo vocabulario, nos propusimos ir un paso mas alla. El someterse a
metodologias de aprendizaje léxicas o semanticas ha demostrado tener consecuencias
sobre la adquisicion de palabras aisladas, pero ésta no es una forma de comunicacién
habitual y normalmente, formamos oraciones con estas palabras para transmitir
significados complejos. Por tanto, nos propusimos comprobar los efectos de ambos
tipos de aprendizaje sobre el procesamiento de las nuevas palabras dentro de

oraciones.

Siguiendo el mismo tipo de entrenamiento presentado anteriormente
(asociacion palabra-dibujo con tarea de categorizacién o asociacion palabra-palabra

con tarea de monitorizacion de grafemas), los participantes aprendieron nuevas
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palabras de forma léxica o semdntica. Tras el entrenamiento, los participantes
realizaron tareas de evaluacidon con palabras aisladas y en el contexto de oraciones. En
concreto, para la evaluacién de las palabras de forma aislada, se emplearon tareas de
decisidn léxica, traduccidn directa e inversa y nombrado de imagenes. En la tarea de
decisidon léxica, los participantes indicaban si palabras presentadas eran palabras
existentes en Espaiol o Vimmi o no palabras. En la tarea de traduccidn, palabras en
Espaiiol o Vimmi eran presentadas para su traduccién en voz alta (traduccién directa o
inversa respectivamente). Por ultimo, la tarea de nombrado de imagenes consistia en
la presentacion de dibujos que representaban las palabras que los participantes habian
aprendido en Vimmi para su nombrado en voz alta. Para evaluar el procesamiento de
las nuevas palabras dentro del contexto de las oraciones, se disefidé una tarea de
procesamiento semantico en oraciones. En esta tarea, se presentaban frases en
espanol en las que la ultima palabra aparecia en Vimmi, y era una de las palabras
aprendidas en el entrenamiento. Una vez leian la oracidn completa, los participantes
debian indicar si era semdnticamente correcta o no (por ejemplo, A Pedro le costo
mucho cortar el filete porque no estaba bien afilado el ruzanego, cuchillo en Vimmi,
seria semanticamente correcta y, A Pedro le costd mucho cortar el filete porque no
estaba bien afilado el boreda, burro en Vimmi, seria semanticamente incorrecta).
Ademas, se manipulé el cloze probability, que es la probabilidad de que una oracién
acabe con una palabra en concreto (Khachatryan et al., 2014; Staub et al., 2015). Por
tanto, habia oraciones predecibles (por ejemplo, A Pedro le costé mucho cortar el
filete porque no estaba bien afilado el...) y no predecibles (por ejemplo, Cuando

llegaron al rio, Pedro miré en su mochila y no encontrd el...).

Teniendo en cuenta estudios sobre el papel modulador del contexto en el
procesamiento de una segunda lengua, se elaboraron diferentes predicciones (Foucart
et al., 2014; Schwartz & Kroll, 2006). Segun estos estudios, los bilinglies expertos son
capaces de hacer uso del contexto semdntico para anticipar palabras dentro de la
oracion. En nuestro estudio, hipotetizamos que los participantes que aprendiesen con
el método semantico serian capaces de imitar este patron de anticipacién,
especialmente en oraciones predecibles porque el contexto predecible de la oracién
maximizaria el uso de las conexiones entre las palabras de la segunda lengua vy el

sistema semadntico que habian fortalecido durante el aprendizaje. Por el contrario, este
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efecto se veria atenuado en el caso de los participantes que aprendian con métodos
Iéxicos porque ellos usarian de forma preferente las conexiones entre la primera y la

segunda lengua que habrian practicado durante el entrenamiento.

Ademads, con el fin observar los efectos de periodos de consolidacion de
aprendizaje, los participantes realizaron dos sesiones de entrenamiento en dos dias
consecutivos. La demora entre sesiones de entrenamiento puede generar tanto costes
como beneficios en el proceso de adquisicion (Rickard, 2007). Los resultados obtenidos
durante el aprendizaje replicaron los datos del primer estudio de esta serie
experimental, donde participantes sometidos al aprendizaje de tipo semantico
(asociacion dibujo-palabra) respondieron mas rapidamente y cometieron menos
errores que participantes que aprendian con la metodologia léxica (asociacion palabra-
palabra). Ademds, mostraron un interesante patrén de procesamiento de las nuevas
palabras dentro de las oraciones. Los resultados indicaron que el grupo de
participantes sometido al entrenamiento léxico, fortalecid las conexiones entre las
palabras de la primera y la segunda lengua y empled estas conexiones tanto en tareas
con palabras aisladas (tarea de decisién léxica, traduccidn directa e inversa y
nombrado de imagenes), como en el contexto de oraciones (tarea de procesamiento
semantico dentro de oraciones). Por el contrario, el grupo de entrenamiento
semantico, mostré patrones de resultados acordes con el fortalecimiento de
conexiones entre las palabras aprendidas y su semantica. Los resultados indicaron que
mientras el grupo de entrenamiento semantico se veia favorecido por el contexto
predecible de las oraciones, el grupo léxico presentaba una mejor ejecucion en casos
en los que no era predecible el contenido. Estudios previos han mostrado que
contextos de baja predictibilidad favorecen el uso de las conexiones |éxicas entre
lenguas (Schwartz & Kroll, 2006). Por tanto, los aprendices léxicos procesaron mas
facilmente las palabras en un contexto que favorecia el uso de las conexiones con las

gue ellos habian entrenado.

Por otro lado, investigaciones anteriores han mostrado que en algunas
ocasiones, las medidas comportamentales no son lo suficientemente finas como para
captar diferencias iniciales que tienen lugar al comienzo del proceso de aprendizaje de

una segunda lengua (MclLaughlin et al., 2004; Tokowicz & MacWhinney, 2005). En este
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contexto, tomar medidas electrofisiologicas puede aportar informacién adicional. La
actividad eléctrica en la superficie del cuero cabelludo puede medirse y asociarse en el
tiempo a la aparicidon de los estimulos de interés. Este registro se conoce como
medidas de potenciales relacionados con eventos y puede informar sobre
procesamiento neural subyacente durante la presentacion de los estimulos. Gracias al
gran numero de estudios que emplean este tipo de medidas, se han identificado

componentes concretos asociados a procesos cerebrales especificos.

En el dltimo de nuestros estudios, se tomaron medidas electrofisiolégicas
mientras dos grupos de participantes, sometidos previamente al entrenamiento léxico
0 semantico anteriormente descritos (entrenamiento |éxico o semantico), realizaban
tareas de traduccién entre lenguas (traduccidn directa e inversa) y de nombrado de
imagenes. Nuestra hipdtesis era que si efectivamente, el método de aprendizaje
semantico generaba patrones de procesamiento mdas préximos al de los bilinglies
expertos, tras una sola sesién de entrenamiento, los participantes que aprendieron
con la asociacién de imagenes a palabras, mostrarian una mayor modulaciéon de
componentes relacionados con el procesamiento léxico-semantico de las palabras en
la segunda lengua y el patrén de procesamiento seria mas similar al de los bilingles. En
concreto, centramos nuestra investigacién en dos componentes cerebrales, el N400 y

el late positive component (LPC).

El componente N400 se relaciona con una negatividad que aparece unos 400
milisegundos después de la presentacidon de los estimulos y que es sensible al
procesamiento léxico-semantico de la informacion (Kutas & Hillyard, 1980). En
estudios previos, la modulacién de este componente se ha considerado como un indice
que indica el nivel de dominio en la segunda lengua. En bilinglies expertos, se observa
mayor amplitud del componente N400 ante palabras presentadas en la segunda
lengua que en aprendices de la segunda lengua (Midgley et al., 2009). Por su parte, el
LPC se corresponde con una positividad duradera en el tiempo que aparece alrededor
de los 500 ms después de la presentacién del estimulo. Se asocia a procesos de
monitorizacién y de reandlisis de informacion y su amplitud aumenta en funcién de la
dificultad de procesamiento de los estimulos (Jackson et al., 2001; Kieffaber et al.,

2013).

250



Los resultados mostraron que, efectivamente, el grupo de entrenamiento
semdntico, mostré un patrén de respuesta electrofisiolégica mds similar a los
bilinglies. Se dejaba ver un patron de acceso semantico temprano incluso tras una
Unica sesion de aprendizaje. Sin embargo, el grupo de participantes que aprendié con
la asociacién de palabras en la primera y la segunda lengua, mostré un patrén de
procesamiento de las nuevas palabras menos distribuido y que ademas, se llevaba a

cabo a través de la informacidn léxica de la primera lengua.

Conclusion

Como se ha mostrado en los anteriores experimentos y como muestra la
investigacion previa en general, el modo en el que aprendemos determina el
establecimiento de conexiones entre las palabras de la primera y la segunda lengua y
el sistema semadntico a nivel cerebral y juega un papel fundamental en la adquisicién
de una segunda lengua. Como hemos comprobado, las metodologias semanticas
fortalecen el establecimiento de conexiones directas entre las palabras de la segunda
lengua y el sistema conceptual, mientras que los entrenamientos léxicos fomentan el

establecimiento de conexiones entre los Iéxicos de las dos lenguas.

Todos estos datos, nos llevan a pensar que metodologias de ensefianza basadas
en la ampliacién de la informacion semdntica asociada a las nuevas destrezas, facilitan
el aprendizaje y ocasionan diferentes ventajas a muchos niveles. En nuestras series
experimentales, cuando monolinglies de espanol deben aprender palabras en una
nueva lengua, el proceso se ve favorecido por el uso de gestos congruentes con su
significado o por la asociacion de las nuevas palabras a imagenes que denotaban su
significado. En ambos casos, el proceso de aprendizaje ha demostrado fortalecer las
conexiones semanticas de estas nuevas palabras y los participantes han mostrado un

patron de procesamiento mas préximo al de bilinglies expertos.

Como conclusién, dadas las caracteristicas de las sociedades multiculturales en
las que nos encontramos hoy en dia, hablar varias lenguas se hace especialmente
necesario para poder desenvolvernos de manera efectiva. No solo los nifios, si no
también adultos, se ven necesitados de adquirir estas habilidades, y por tanto, ya sea

dentro de la educacién obligatoria, postobligatoria o en academias de idiomas, los
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docentes deben emplear metodologias de ensefianza basadas en evidencia cientifica

que faciliten el proceso de adquisicidon de nuevas lenguas.
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APPENDIX

Appendix 1. Words (Nouns and Verbs) and Gestures Used in the Study

Spanish Nouns English Congruent Gestures
Translation

Abanico Fan Put the right hand as if holding a fan and turn
the wrist repeatedly

Aguja Needle Hold an imaginary piece of fabric with the left
hand and perform the sewing movement with
an imaginary needle in the right hand between
the thumb and the forefinger

Anillo Ring With the left hand, collocate the thumb and
the forefinger as if holding a ring and
introduce it in the right ring finger

Armonica Harmonica Use both hands to hold an imaginary
harmonica and move it in front of the mouth
while expelling air

Auriculares Earphones Take imaginary earphones with both hands
and introduce them into the ears

Bayeta Wiper Stretch both arms, close the fists and turn the
right hand forward and the left one backward
as if draining a wiper

Cerillas Match Fist the left hand, put together the thumb and
forefinger finger tips and pass them by the left
thumb

Champu Shampoo Separate the fingers of both hands, put them

in your head and perform a little circular

movement
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Cigarrillo

Clinex

Coche

Coleta

Cremallera

Cuchara

Dardo

Flauta

Fregona

Foto

Lapiz

Lentillas

Cigarette

Paper tissue

Car

Ponvytail

Zip

Spoon

Dart

Flute

Mop

Photo

Pencil

Contact lens

Draw a “V” with the right and middle
forefingers, put them next to the mouth,
breathe, separate the fingers from the mouth
and breathe out

With the nose between the fingers of both
hands perform a slight downward movement
of the head.

Put the hands as if holding a steering wheel
and turn it right and left

Grab the hair with the right hand next to the
head and the left one on the hair tips

Take an imaginary zip and perform the
movement of raising the zip on your chest
Make the imaginary movement of taking a
spoon and approach it to the mouth

With the right hand take an imaginary dart and
throw it in front of your face

Hold an imaginary flute with both hands and
move your fingers as if you were playing the
flute

Make the movement of taking an imaginary
broom with both hands and passing it from
front to back

Take an imaginary camera in front of your face
and press an imaginary button with the right
forefinger

Take an imaginary pen with the right hand
between the thumb and the forefinger and
perform left-right writing movements

Open your left eye with the left hand and

approximate the right forefinger to the left eye
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Libro

Martillo

Mechero

Microfono

Pesa

Peine

Perfume

Pistola

Platillos

Pomo

Secador

Sello

Silbato

Book

Hammer

Lighter

Microphone

Weight

Comb

Perfume

Gun

Cymbals

Knob

Hairdryer

Stamp

Whistle

Stretch the left hand as if holding an imaginary
opened book and perform the movement of
turning pages on the left hand

Take the handle of an imaginary hammer and
hit the air in front of your face

Close the right hand and pass the thumb by
the forefinger

Take an imaginary microphone with the right
hand and move your mouth as if you were
speaking

Stretch the right arm, close the hand upwards
and move the elbow up and down

With an imaginary comb in the right hand,
comb the hair from the front to the back

Take an imaginary perfume bottle and press
the dispenser in front of your neck

Stretch the thumb and the forefinger and
perform a light down movement in an
horizontal plane respect to the floor

Put the thumb and the forefinger of both
hands together to draw a circle, after that,
bring them together

Take with the right hand a spherical knob and
turn the hand right

Take the handle of an imaginary hairdryer and
move it around the head

Stretch the left hand as if it was a sheet, close
the right hand and hit it on the left hand

Take an imaginary whistle between the thumb
and the forefinger, approximate them to the

mouth and blow
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Sombrero

Tambor

Tapodn

Teclado

Tijeras

Vaso

Violin

Sin significadol

Sin significado 2

Sin significado 3

Sin significado 4

Hat

Drum

Cap

Keyboard

Scissors

Glass

Violin

Meaningless 1

Meaningless 2

Meaningless 3

Meaningless 4

Take the hat visor between the thumb and the
forefinger and move them to the head as if
you were putting on the hat

Take drumsticks with both hands and hit an
imaginary drum in front of you

Put the thumb and the forefinger of both
hands together to draw a circle, and move the
right hand to the left as if you were covering
the left circle

Move the fingers of both hands as if you were
typing on a keyboard

Draw a “V” with the right forefinger and
middle finger, put them in a horizontal plane,
approach and separate them

Take an imaginary glass with the right hand
and put it to the mouth as if you are going to
drink

Collocate the head as if you were holding an
imaginary violin between it and the left
shoulder, put the left hand as if you were
touching the neck, take an imaginary bow with
the right thumb and forefinger and move it by
the violin

Close the right fist and move the arm from the
left to the right

Cross the arms in front of the chest

Stretch the hand’s palms, put the right one in
front of the right eye and the left one covering
the mouth

Draw an imaginary triangle with the right

forefinger in front of the face
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Sin significado 5

Sin significado 6

Sin significado 7

Sin significado 8

Sin significado 9

Sin significado 10

Meaningless 5

Meaningless 6

Meaningless 7

Meaningless 8

Meaningless 9

Meaningless 10

Touch the chin and after that the forehead
with the right forefinger

Stretch the right arm and hand with the palm
of the hand facing outwards and move it from
left to right

With the right forefinger, touch the left cheek
and after that, the right one

Touch the forehead and the right ear with the
right forefinger

Stretch the left hand, clap the hands twice,
first with right fist closed and after that, with
the right hand stretched

Put the palms of the hands together and

rotate them from one side and to another

Note. Left Column: Spanish nouns used in Experiment 1. Middle column: English translations. Right
column: approximate description of congruent gestures.

Spanish Verbs English Gestures
translation

Afeitar To shave Make the movement of grabbing an
imaginary razor and passing it by the
right cheek

Apretar To squeeze Stretch the right hand with the palm up
and close the fist strongly

Barrer To sweep Make the movement of taking an
imaginary broom with both hands and
passing it from front to back

Batir To Beat Put the left hand as if was an imaginary

bowl and with the right one perform the

movement of a whisk over the bowl.
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Beber

Besar

Botar

Callar

Comer

Coser

Disparar

Dormir

Escribir

Escuchar

To drink

To kiss

To bounce

To silence

To eat

To cough

To shoot

To sleep

To write

To listen

Stretch the thumb and the little finger,
close the rest of the fingers of the right
hand and move it towards the mouth

Put the right hand fingers on the lips and
whilst separating them, give a kiss

Stretch the right hand in horizontal plane
with respect to the floor with the palm of
the hand facing the floor and move the
hand up and down

Put the right forefinger in the lips in a
vertical plane

Make the imaginary movement of taking
a spoon and putting it to the mouth

Hold an imaginary piece of fabric with
the left hand and perform the cough
movement with an imaginary needle in
the right hand holding it between the
thumb and the forefinger

Stretch the thumb and the forefinger and
perform a slight downward movement in
an horizontal plane with respect to the
floor

Put together the palms of the hands, put
them to the right and nod the head to
the right a little and close the eyes

Take an imaginary pen with the right
hand between the thumb and the
forefinger and perform left-right writing
movements in front of your face

Stretch the right forefinger and touch the

right ear
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Escurrir

Estirar

Estornudar

Estrujar

Fotografiar

Fumar

Guifar

Llorar

To drain

To stretch

To sneeze

To wring out

To photograph

To smoke

To wink

To cry

Fist both hands in front of your chest
with 15 centimeters distance between
them and spin them in opposite
directions

Put in contact the thumb and the
forefinger of both hands, put the hands
together and separate the hands

With the nose between the fingers of
both hands perform a slight downward
movement of the head.

Put the palms of the hands one in front
of the other separated by approximately
15 centimeters with separation between
the fingers, approximate the hands at the
same time that you fold the fingers and
rotate the hands in opposite directions
Take an imaginary camera in front of
your face and press an imaginary button
with the right forefinger

Draw a “V” with the right and middle
forefingers and put them next to the
mouth, breathe, separate the fingers
from the mouth and breathe out

Wink with the right eye

Close both fists, put the thumb and the
forefinger in contact with the cheeks and

perform a rotating movement
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Magquillar

Mirar

Morder

Negar

Peinar

Pintar

Rechinar

Recortar

Relamer

Rezar

Romper

To apply

makeup

To look

To bite

To deny

To brush

To draw

To grind

To trim

To lick your lips

To pray

To break

Hold an imaginary eye liner with the right
hand between the thumb and the
forefinger and draw a line following the
eye line next to the eye

Stretch the right forefinger and put it
under the right eye

Show the teeth and open and close the
jaw

Perform a lateral movement with the
head

With an imaginary comb in the right
hand, comb the hair from the front to the
back

Stretch the left hand, hold a brush with
the right hand between the thumb and
the forefinger and draw with slow
movements on the left hand

Show the teeth and move the lower jaw
from right to left

Draw a “V” with the right forefinger and
middle finger, put them in an horizontal
plane, approach and separate them

Stick out the tongue and pass it by the
top lip

Put the palms of the hands together in a
vertical plane in front of your chest

With the palms of the hands facing the
floor, close the fists and put them
together sideways. Separate the fists

sideways
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Sacudir

Silbar
Sonreir
Soplar

Teclear

Toser

Untar

Sin significadol

Sin significado 2

Sin significado 3

Sin significado 4

Sin significado 5

Sin significado 6

Sin significado 7

Sin significado 8

To shake

To wistle
To smile
To blow

To type

To cough

To spread

Meaningless 1

Meaningless 2

Meaningless 3

Meaningless 4

Meaningless 5

Meaningless 6

Meaningless 7

Meaningless 8

Close the hands with the palms one in
front of the other, and move them
towards and outwards from the body
Position the lips as if kissing and expel air
Show your teeth in a big smile

Expel air through the mouth

Move both hands fingers as if you were
typing on a keyboard

Put the right fist with the thumb next to
the mouth and perform a slight
downward movement of the head
Stretch both hands, and with the right
hand perform the movement of a knife
spreading something on the left hand
Close the right fist and move the arm
from the left to the right

Cross the arms in front of the chest
Stretch the palms of the hands, and put
the right one in front of the right eye and
the left one covering the mouth.

Draw an imaginary triangle with the right
forefinger in front of the face

Touch the chin and then the forehead
with the right forefinger

Stretch the right arm and hand with the
palm of the hand facing the floor and
move it from left to right

With the right forefinger, touch the left
cheek and then the right one

Touch the forehead and the right ear

with the right forefinger
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Sin significado 9 Meaningless 9 Stretch the left hand, clap the hands
twice, first with right fist closed and then
with the right hand stretched

Sin significado 10 Meaningless 10  Put the palms of the hands together and
rotate them from one side and to

another

Note. Left Column: Spanish verbs used in Experiments 2 and 3. Middle column: English translations.
Right column: approximate description of congruent gestures.
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Appendix 2. Stimulus Material Used in the Training Tasks

Spanish words Vimmi words Semantic Semantic Lexical
L o o Lexical "no"
yes no yes

0so (bear) miresado animals body S m
perro (dog) fukepa animals body p f
caballo (horse) bati animals fruits b t
cabra (goat) doba animals fruits b d
burro (donkey) boreda animals kitchen o a
ratén (mouse) fesuti animals kitchen t f
cebra (zebra) dirube animals music b d
cerdo (pork/pig) wepuda animals music d p
conejo (rabbit) ean animals vehicles e a
gato (cat) geloro animals vehicles o e
cabeza (head) urabe body animals b r
dedo (finger) detu body animals d t
labio (lip) bikute body fruits b t
pierna (leg) ganuma body fruits n g
nariz (nose) seza body kitchen a e
ojo (eye) kadonega body kitchen o e
brazo (arm) zuowe body music o u
mano (hand) wari body music a i
oreja (ear) iol body vehicles o i
pie (foot) furome body vehicles e o
manzana (apple) nobani fruits animals n b
naranja (orange) wubonige fruits animals n b
cereza (cherry) loeke fruits body e o
fresa (strawberry) toari fruits body a o
limén (lemon) tofita fruits kitchen i a
pifia (pineapple) deschoga fruits kitchen a o
pera (pear) pigemola fruits music p I
platano (banana) raone fruits music n r
sandia (watermelon) peabe fruits vehicles a e
uva (grape) lodefawi fruits vehicles a e
salero (salt shaker) kiale kitchen animals I k
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sartén (frying pan) mulogite kitchen animals t m

cuchara (spoon) gitu kitchen body u i
cuchillo (knife) ruzanego kitchen body u e
taza (cup) tedo kitchen fruits t d
vaso (glass) esepo kitchen fruits s p
cazo (dipper) zagido kitchen music a i
copa (wineglass) lofuse kitchen music o e
frigorifico (fridge) mogra kitchen vehicles o] a
tenedor (fork) pukoni kitchen vehicles o i
arpa (harp) fapro music animals p f
campana (bell) lamube music animals m I
trompeta (trumpet) mapusebo music body m 3
violin (violin) koludi music body I d
flauta (flute) lefu music fruits f I
trompa (horn) pabezi music fruits p b
acordedn (accordion) dikemori music kitchen e i
guitarra (guitar) foine music kitchen i e
piano (piano) ratube music vehicles a e
tambor (drum) lasi music vehicles a i
avion (plane) lenope vehicles animals n p
barco (boat) beropuga vehicles animals b p
camion (lorry) pewo vehicles body o] e
carrito (shopping cart) tanedila vehicles body i e
bicicleta (bicycle) paltra vehicles fruits t p
moto (motorbike) mofire vehicles fruits m f
coche (car) tizo vehicles kitchen o i
helicoptero (helicopter) uteli vehicles kitchen i u
autobus (bus) brido vehicles music o i
tren (train) dra vehicles music r d

Note. Spanish words (English translation in brackets) and Vimmi words used in the study. Semantic
“yes”: the Vimmi word denotes an exemplar of the semantic category. Semantic “no”: the Vimmi word
refers to an exemplar form another semantic category. Lexical “yes”: the grapheme is part of the
Spanish translation of the Vimmi word. Lexical “no”: the grapheme is not part of the Spanish translation
of the Vimmi word. Music: Musical instruments, Body: Body parts, Kitchen: Kitchen utensils.
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Appendix 3. Material used in the Sentence Processing Tasks

Plausible Implausible

Highly predictable Sentences
Mi madre nunca bebe el café en taza, ella prefiere tomdarselo en esepo (vaso) zuowe (brazo)
(My mother never drinks coffee in a mug, she prefers to have it in) glass arm
Como soy poco besucdn, prefiero saludar a la gente dandole la wari (mano) pigemola (pera)
(As | don’t like kisses, | prefer to greet people by shaking) hand pear
La parte del cuerpo encargada del sentido del olfato es la seza (nariz) doba (cabra)
(The part of the body in charge of the sense of smell is) nose goat
Al pasar por Gran Via vi a un hombre mayor que pedia dinero tocando el dikemori (acordedn) tofita (limén)
(Passingby Gran Via, | saw an old man who was asking for money playing the) accordion lemon
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Para conservar durante mds tiempo la fruta, la guardo en la parte de abajo del

(To preserve the fruit longer, | store the fruit in the lower part of the)

Andrés es militar, es el encargado de despertar a todos tocando la

(Andrés is military, he is in charge of waking everyoneup in the morning by playing the)

Al volcar, se escaparon todos los pollos que transportaba el

(All the chickens ran away when it overturned the)

Al darle un beso le dejé la marca de los

(When she gave him a kiss, she left the mark of her)

Cuando se porta bien, su madre le deja tomar una copa de nata con

(When he is a good boy, his mother leaves him has a cup of cream with)

La fruta tipica de Canarias es el

(The typical fruit in the Canary Island is the)

mogra (frigorifico)

fridge

mapusebo (trompeta)

trumpet

pewo (camién)

lorry

bikute (labios)

lips

toari (fresa)

strawberry

raone (platano)

banana

miresado (0so)

bear

toari (fresa)

strawberry

fapro (arpa)
harp

raone (platano)

banana

mapusebo (trompeta)

trumpet

bikute (labios)

lips
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La famosa fruta que es el simbolo de la marca Apple es la

(The famous fruit which is the Apple brand symbol is the)

En las torres de las iglesias suele haber

(Usually, in the church towers there are)

La parte del cuerpo que va desde la muieca hasta el hombro es el

(The part of the body from the wrist to the shoulder is the)

El chico le dijo al director de la banda que el bombo pesada demasiado para
ély le pidié cambiarlo por un
(The boy told the director that the bass drum weighed too much for him and

he asked to change it for a)

No suelo apurar el corazén de la manzana ni de la

(I don’t usually rush the heart neither the apple nor the)

nobani (manzana)

apple

lamube (campanas)

bell

zuowe (brazo)

arm

lasi (tambor)

drum

pigemola (pera)

pear

ganuma (pierna)

leg

lodefawi (uvas)

grapes

esepo (vaso)

glass

wepuda (cerdo)

pig

wari (mano)

hand

287



No me gusta mucho la Fanta de naranja, prefiero la de

(I don’t like the orange Fanta too much, | prefer the Fanta of)

En la pelicula del oeste, el jinete iba cabalgando en un bonito

(In the western, the rider was riding a beautiful)

Si quieres que se disuelva bien el aztcar en el café, tienes que removerla bien con la

(If you want to dissolve the sugar in the coffee, you have to stir with the)

Cuando iba por el campo encontré la madriguera de un

(When | was walking by the countryside, | found the hole of a)

José estaba muy nervioso porque poco antes del concierto se rompid una tecla del

(José was very nervous because just before the concert it was broken a key of the)

Ana se rompié la rodilla y tuvieron que escayolarle toda la

(Ana broke her knee and they had in a cast her entire)

tofita (limén)

lemon

bati (caballo)

horse

gitu (cuchara)

spoon

ean (conejo)

rabbit

ratube (piano)

piano

ganuma (pierna)

leg

dikemori (acordedn)

accordion

mofire (moto)

motorbike

iol (oreja)

ear

ratube (piano)

piano

ean (conejo)

rabbit

nobani (manzana)

apple
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Los pandas y los pardos son diferentes tipos de

(Panda and Brown are different types of)

Elena no pudo ponerse sus pendientes nuevos porque tenia una herida en la

(Elena couldn’t use her new earrings because she had an injury in her)

Mis padres no comen meldn pero en verano siempre toman de postre un trozo de

(My parents never eat melon, but in summer they always eat as dessert a piece of)

El mejor amigo del hombre suele decirse que es el

(It’s usually said that the man best friend is the)

Cuando fui al puerto, vi en el agua un gran

(When | went to the port, | saw in the water a big)

A Maria no le gusta la leche de vaca ni la de oveja, prefiere la de

(Maria doesn’t like the cow’s or the sheep’s milk, she prefers the milk of the)

miresado (0s0)

bear

iol (oreja)

ear

peabe (sandia)

watermelon

fukepa (perro)
dog

beropuga (barco)

boat

doba (cabra)

goat

mogra (frigorifico)

fridge

gitu (cuchara)

spoon

dirube (cebra)

zebra

beropuga (barco)

boat

fukepa (perro)
dog

seza (nariz)

nose
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Para tener un buen jamoén ibérico, hay que darle de comer muchas bellotas al

(To have a good Iberian ham, we have to give as food a lot of acorns to the)

Eduardo tuvo que coger el coche porque no le funcionaba el tubo de escape de Ia

(Eduardo had to take the car because it didn’t work, the exhaust pipe of the)

No me agrada que tengas en casa como mascota un

(I don’t like you have at home as a pet a)

Me regalaron la figurita de un dngel tocando el

(They gives me as a gift, the figurine of an angel playing the)

El dia de noche vieja mi prima casi se atraganta comiéndose las

(On New Year's Eve, my cousin almost choked on her)

Los ingleses suelen beberse el té en una

(British people usually drink tea in a)

wepuda (cerdo)

pig

mofire (moto)

motorbike

fesuti (raton)

mouse

fapro (arpa)
harp

lodefawi (uvas)

grapes

tedo (taza)

cup

lasi (tambor)

drum

bati (caballo)

horse

pukoni (tenedor)

fork

pewo (camion)

lorry

lamube (campanas)

bell

loeke (cerezas)

cherries
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De tanto andar, a Julia le ha salido un juanete en el

(I've been walking so long and for that, I've got a bunion on my)

Todas las noches escucho maullar al

(Every night | hear the meow of a)

En el concierto de flamenco, me gustdé mucho el hombre que tocaba la

(In the flamenco concert, | really liked the man who was playing the)

Para ir de un sitio a otro, los padres llevan a sus bebés en un

(To go from one place to another, parents carry their babies in a)

Juan tuvo conjuntivitis porque le entré mucho polvo en el

(Juan had conjunctivitis because dust got in his)

Para pinchar el tomate de la ensalada suelo usar el

(To prick the tomato in the salad | usually use the)

furome (pie)

foot

geoloro (gato)

cat

foine (guitarra)

guitar

tanedila (carrito)

stroller

kadonega (0jo)

eye

pukoni (tenedor)

fork

geloro(gato)

cat

furome (pie)

foot

wubonige (naranja)

orange

brido (autobus)

bus

kiale (salero)

salt shaker

fesuti (raton)

mouse
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Mi asiento estaba en el primer vagén del

(My seat was in the first wagon of the)

La DGT controla las carreteras desde el aire con un

(The DGT controls the roads from the air with a)

Cuando fui al aeropuerto de Madrid, vi despegar por primera vez un

(When | went to the Madrid airport, | saw for the first time how it takes of a)

Para alinar la ensalada, el camarero me trajo una aceitera, la vinagrera y el

(To season the salad, the waiter brought me the oilcan, the cruet and the)

Maria tuvo que pararse en medio de la autovia porque se le pinchd una rueda al

(Maria had to stop in the middle of the highway because it had punctured the wheel of her)

De tanto freir huevos se ha roto el mango de la

(From all the egg frying, it has broken the handle of the)

dra (tren)

train

uteli (helicoptero)

helicopter

lenope (avién)

plane

kiale (salero)

saltshaker

tizo (coche)

car

mulogite (sartén)

pan

koludi (violin)

violin

zagido (cazo)

saucepan

detu (dedo)

finger

kadonega (ojo)

eye

lofuse (copa)

cup

urabe (cabeza)

head
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Se lo apoyd entre el hombro y la barbilla y con el arco, comenzé a tocar el

(He put it between his shoulder and chin and with the bow, he began to play the)

Como no quedaba ninguna, tuve que comprar una lata de rodajas de

(Since there were none left, | had to buy a can of slices of)

El animal parecido al caballo con la piel a rayas blancas y negras es la

(The animal with black and white striped skin similar to the horse is the)

Cuando no habia microondas, mi abuela siempre calentaba la leche en un

(When there weren’t microwaves, my grandmother always heated the milk in a)

En la mano tenemos cinco

(In the hand, we have five)

A Pedro le costéd mucho cortar el filete porque no estaba bien afilado el

(Pedro had a hard time cutting the steak because it was not sharp enough the)

koludi (violin)

violin

deschoga (pifia)
pineapple

dirube (cebra)

zebra

zagido (cazo)

saucepan

detu (dedos)

fingers

ruzanego (cuchillo)

knife

dra (tren)

train

lefu (flauta)

flute

peabe (sandia)

watermelon

uteli (helicoptero)

helicopter

lenope (avién)

plane

boreda (burro)

donkey
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El flautista de Hamelin dirigia a los ratones tocando su

(The Pied Piper guided mousses by playing his)

Es muy tipica la imagen de un mexicano montado en un

(It is typical the image of a Mexican riding a)

Aunque a Jose le gustan las guindas rojas, no soporta las

(Although Jose likes the red sour cherries, he cannot stand the)

Cuando el ciclista iba por la carretera se rompid el pedal al caerse de la

(When the cyclist was on the road, it broke the pedal of the)

El camarero me sirvio el vino en una

(The waiter poured the wine into a)

Llevo diez minutos esperando en la parada del

(I have been waiting for ten minutes in the stop of the)

lefu (flauta)

flute

boreda (burro)

donkey

loeke (cerezas)

cherries

paltra (bicicleta)

bicycle

lofuse (copa)

cup

brido (autobus)

bus

deschoga (pifia)
pineapple

ruzanego (cuchillo)

knife

tedo (taza)

cup

pabezi (trompa)

horn

tizo (coche)

car

tanedila (carrito)

stroller
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El médico me dijo que necesitaba vitamina C, que tomase mucho zumo de

(The doctor told me that | needed vitamin C, | have to drink a lot of juice of)

El instrumento que tiene el mismo nombre que la nariz de los elefantes es la

(The instrument which has the same name than the elephant nose is the)

Dicen que el animal al que mas le gusta el queso es el

(It’s said that the animal that likes cheese the most is the)

De tanto pensar sobre el tema, a Juan le estuvo doliendo toda la tarde la

(From so much thinking about it, Juan had the whole afternoon a)

Sentences of low predictability

Isabel sale de trabajar a las 5, no puede llegar a tiempo para coger el

Isabel finish working at 5, she can’t get on time to take the

La nifla empezd a llorar porque a su muiieca se le habia perdido un

(The little girl started to cry because she lost her doll’s)

wubonige (naranja)

orange

pabezi (trompa)

horn

fesuti (raton)

mouse

urabe (cabeza)

head

lenope (avion)

plane

kadonega (0jo)

eye

foine (guitarra)

guitar

paltra (bicicleta)

bicycle

pukoni (tenedor)

fork

mulogite (sartén)

pan

detu (dedos)

fingers

kiale (salero)

salt shaker
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Cuando iba corriendo por la calle porque llegaba tarde a clase, se la cayo el

(When he was running down the street because he was late for class, he dropped his)

Aungque fui corriendo, cuando llegué ya habia cerrado el

(Although I ran, when | got, it was already closed the)

Como habia estudiado, el nifio suspendid su examen de

(As the boy didn’t study, he failed his exam)

A esa chica le hicieron el mismo dia que a mi un tatuaje en el

(That girl had her tattoo done the same day as me in the)

Mi amiga tiene en casa un

(My friend has at home a)

Paula tiene 5 anos y sus padres han pensado regalarle para su cumpleafos una

(Paulais 5 years old and her parents have thought about giving her a)

koludi (violin)

violin

brido (autobus)

bus

lefu (flauta)

flute

furome (pie)

foot

geloro (gato)

cat

paltra (bicicleta)

bicycle

dra (tren)

train

tanedilla (carrito)

(stroller)

deschoga (pifia)
pineapple

geloro (gato)

cat

furome (pie)

foot

pabezi (trompa)

horn
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Después de tanto esperar para hacer la foto, se cruzé un turista y solo sali6 la
(After be waiting for a long time to take the picture, a tourist stood in the

middle and | only caught the)
Aungue no la conocia de nada, mientras comia le pedi a la chica de al lado el
(Although | didn’t know her, while | was eating, | asked her for the)

La abuela tenia varias, me pero no encontraba ninguna

(The grandmother has a lot, but she cannot find any)

Los animales tienen algunos

(Animals have some)

Cuando nacio su hijo, a mi amiga le regalaron de todo menos un

(When her baby was born, my friend had a lot of gifts but not a)

Cuando vi cdmo estaba de usado, el pedi otro

(When | saw how used it was, | asked for another)

Alicia tuvo la oportunidad de comprobar cémo era el trabajo en la recoleccién de

(Alicia had the opportunity to check how the work was in the harvest of)

urabe (cabeza)

head

kiale (salero)

salt shaker

mulogite (sartén)

pan

detu (dedo)

finger

tanedilla (carrito)

stroller

pukoni (tenedor)

fork

wubonige (naranja)

orange

mulogite (sartén)

pan

kadonega (0jo)

eye

urabe (cabeza)

head

lenope (avion)

plane

brido (autobus)

bus

fesuti (raton)

mouse

foine (guitarra)

guitar
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En la granja podemos encontrar diferentes animales como un

(In farms, we can find different animals as a)

Parece que la chica que estaba en la banda no tocaba demasiado la

(It seems that the girl who was in the band didn’t play too much the)

De los muchos animales que habia en el zoo, al nifio le gusté mas la

(There were a lot of animals in the zoo, but the children liked better the)

Paco intenta no comerlas porque cree que es alérgico a las

(Paco try not toeat them because he thinks he is allergic to)

Como iba corriendo se le cayd una

(He was running and it dropped a)

Como no sabia dénde lo podia hacer, al final puse la mezcla para la tarta en un

(As I didn’t know where to do it, finally | put the cake mix in a)

Es increible que tenga toda la pared de su dormitorio llena de posters de un

(It’s incredible that he has the wall of his bedroom fullof posters of a)

boreda (burro)

conkey

foine (guitarra)

guitar

dirube (cebra)

zebra

lodefawi (uvas)

grapes

lofuse (copa)

cup

zagido (cazo)

saucepan

tizo (coche)

car

ruzanego (cuchillo)

knife

wubonige (naranja)

orange

peabe (sandia)

watermelon

lamube (campana)

bell

tizo (coche)

car

uteli (helicoptero)

helicopter

lofuse (copa)

cup
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Dijeron en las noticias que habia habido un accidente de

(They said in the news that there were an accident of a)

No me gustan nada los bombones que tienen dentro

(I didn’t like the chocolates filled with)

Desde la ventana de casa, vimos pasar muy de cerca un

(Since our house window, we saw passing by very close a)

Cuando llegaron al rio, Pedro mird en su mochila y no encontré el

(When they arrived at the river, Pedro lookedin his backpack and didn’t find the)

A Pilar le gusta coleccionar

(Pilar likes to collect)

Antes no tenian, pero la banda ha contratado a dos personas para que toquen la

(Until now it doesn’t have one, but the band has hired two persons to play the)

Mi madre me mandé al supermercado a comprar café, leche, mermelada y

(My mother makes me go to the supermarket to buy coffee, milk, jam and)

dra (tren)

train

loeke (cerezas)

cherries

uteli (helicoptero)

helicopter

ruzanego (cuchillo)

knife

tedo (taza)

mug

pabezi (trompa)

horn

deschoga (pifia)
pineapple

koludi (violin)

violin

tedo (taza)

mug

zagido (cazo)

saucepan

boreda (burro)

donkey

loeke (cerezas)

cherries

paltra (bicicleta)

bicycle

lefu (flauta)

flute
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Mi amigo Juan dijo que nunca se habia montado en un

(My friend Juan said that he has never been mounted in a)

Cuando Jose llegd de su viaje a Japon me pidid la

(When Jose arrived from his trip, he ask for my)

Me parece muy desagradable el sonido de las

(I find very unpleasant the sound of the)

Mi medio de transporte favorito es el

(My favorite transport is the)

Cuando Javier llegé a la casa vio a una chica que estaba alimentando a su

(When Javier got home, he saw a girl feeding his)

En la excursidon al campo, los nifios vieron a un

(On the field trip, children saw a)

Como no sabian que regalarle a su sobrina pensaron que podria gustarle un

(They didn’t know what to give her nephew as a present and they thought that she might like a)

pewo (camidn)

lorry

wari (mano)

hand

lamube (campanas)

bells

beropuga (braco)

boat

bati (caballo)

horse

ean (conejo)

rabbit

dikemori (acordedn)

accordion

fapro (arpa)
harp

pigemola (pera)

pear

lodefawi (uvas)

grapes

fukepa (perro)
dog

mofire (moto)

motorbike

ratube (piano)

piano

tofita (limdn)

lemon
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Para mejorar el sonido de la banda, el director decidid incorporar una

(To improve the band sound, the director decided to incorporate a)

Cuando voy a un italiano siempre me pido raviolis y

(When | go to a Italian restaurant | always order raviolis and)

Dicen que bueno criar a un

(It's good to raise a)

Cuando Fernando iba con sus amigos por la sierra se encontraron una

(When Fernando was walking through the mountains with his friends, they found a)

Aunque parezca raro, me encanta comer la tortilla de patatas con

(Although it can sound estrange, | really like eating the Spanish omelet with)

Ese anciano de la sala de espera no para de decir que le duele el

(The old man in the waiting room does not stop saying that it hurts his)

Menos mal que no me hizo dafio, solo me dio un golpe en la

(It didn’t hurt me. He just slapped me in the)

mapusebo (trompeta)

trumpet

pigemola (pera)

pear

fukepa (perro)
dog

doba (cabra)

goat

tofita (limodn)

lemon

zuowe (brazo)

arm

iol (oreja)

ear

toari (fresa)

strawberry

wari (mano)

hand

beropuga (barco)

boat

seza (zariz)

nose

dikemori (acordeodn)

accordion

esepo (vaso)

glass

gitu (cuchara)

spoon
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En la fruteria compré unos

(In the greengrocer | bought some)

Esta mafiana me levanté muy enfadada, no entendia por qué habia a las
cinco de la madrugada alguien tocando un
(I was really angry this morning, | didn’t understand why there were

a person at five in the morning playing a)

El profesor le dijo que era mejor que se apuntase el aio siguiente a clases de

(The teacher told him that he’d better go to classes of)

Segun la historia, durante la guerra, a este personaje le cortaron la

(According to the history, this character lost his)

Aparte de la bebida y la carne hemos pensado comprar para la barbacoa una

(Apart from drinks and meat we though to buy for the barbecue a)

Cuando iba andando por la calle la nifia se encontré una

(When the little girl was walking on the street, she found a)

raone (platano)

banana

lasi (tambor)

drum

ratube (piano)

piano

seza (nariz)

nose

peabe (sandia)

watermelon

gitu (cuchara)

spoon

bikute (labios)

lips

wepuda (cerdo)

pig

ean (conejo)

rabbit

doba (cabra)

goat

dirube (cebra)

zebra

iol (oreja)

ear
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Esa chica tiene unos graciosos

(That girl has funny)

Mi padre me mandi a comprar para el cumpleafios un

(For the birthday my father asked me to buy a)

Como iba muy rapido, se cayé y se hizo dafio en la

(As he was running too fast, he fell and hurt his)

Una de las carnes que se usa habitualmente para el consume humano es la de

(One of the meats that people normally consume is that of the)

A JesuUs le dijeron que intentase comer siempre como merienda una

(They told Jesus that he should try to eat always as a snack a)

Los vecinos dijeron que la noche anterior habian visto al ladrén con las llaves de su

(Neighbors said that the previous night they saw a thief with the keys of her)

Asistieron en Madrid a un concierto de

(They assisted in Madrid to a concert of)

bikute (labios)

lips

esepo (vaso)

glass

ganuma (pierna)

leg
wepuda (cerdo)
pig
nobani (mazana)

apple

mofire (moto)

motorbike

fapro (arpa)
harp

raone (platano)

banana

zuowe (brazo)

arm

nobani (manzana)

apple

lasi (tambor)

drum

ganuma (pierna)

leg

bati (caballo)

horse

pewo (camion)

lorry
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Al final, mi vecino tuvo que llamar al técnico porque él era incapaz de arreglar su mogra (frigorifico)

(Finally, my neighbor had to call the technician because he was unable of repairing his) fridge

En algunos bosques podemos encontrar a un miresado (0s0)
(In some forest we can find a) bear

Ayer Maria fue a la mejor pasteleria de la ciudad y compré galletas y una tarta de toari (fresas)
(Yesterday Maria went to the best bakery of the city and bought cookies and a pie of) strawberries

miresado (0so)

bear

mogra (frigorifico)

fridge

mapusebo (trompeta)

trumpet

Note. Sentences were presented in Spanish and ended with a Vimmi word. The approximate English translation reported in brackets is adapted here to end the sentence with

the critical word. The syntactic structure of all sentences was correct in Spanish.
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