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Abstract

An event-related potential (ERP) study was conducted to evaluate the efficacy of two learning
methods for the acquisition of vocabulary in a foreign language (FL). In the semantic method,
FL words were presented with pictures 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, FL words were paired with their translation in the first lan-
guage (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 FL acquisition. ERP modulations associated with semantic processing were more evi-
dent and 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 connec-
tions between semantics and the words learned in a new language.

1. Introduction

There are many questions about foreign language (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 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, it is
important to look for learning tools or strategies able to facilitate FL acquisition in first lan-
guage (L1) speaking contexts. It is necessary to implement efficient second language (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 Revised
Hierarchical Model (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 mainly rely on the connections between semantics and
L2 words (see Kroll, Van Hell, Tokowicz & Green, 2010, for a review). However, semantic pro-
cessing is also possible and desirable in novice learners of a FL (Ferré, Sanchez-Casas &
Guasch, 2006; Talamas, Kroll & Dufour, 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 foreign language. With
regard to the word-translation task, behavioral studies have shown that the performance
on this task depends on the translation direction and the L2 fluency of the learners. In par-
ticular, less 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 per-
formance in the backward translation is explained by the use of direct lexical connections
between the L1 and L2 lexicons while the forward translation would involve additional
semantic processing which would slow down the translation process. However, this asym-
metry 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

https://doi.org/10.1017/51366728921000456 Published online by Cambridge University Press


https://www.cambridge.org/bil
https://doi.org/10.1017/S1366728921000456
https://doi.org/10.1017/S1366728921000456
mailto:abgamez@ualg.pt
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-5369-1691
https://orcid.org/0000-0003-0139-5625
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1366728921000456&domain=pdf
https://doi.org/10.1017/S1366728921000456

bilinguals (Kroll, Michael, Tokowicz & Dufour, 2002). Less fluent
bilinguals would have weak connections between the semantic
system and the L2 lexicon, so they would use a route of processing
through their first language 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.

If we assume that expert bilinguals perform linguistic tasks
(e.g., translation, naming) through semantic processing, it
would be desirable to develop learning strategies that favor the
establishment of connections between semantics and FL lexicon.
In fact, the benefit of semantic vs. lexical learning programs has
been confirmed in the past. To illustrate, Comesaia, Perea,
Pifeiro, and Fraga (2009) compared the learning of L2 vocabulary
in children through a word-word association method that rein-
forced the L1-L2 lexical connections, and a learning method
based on the association between pictures and L2 words that
favored the connections between the semantic system and L2
words. 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 trans-
lation recognition task); a pattern of results which is usually found
in expert bilinguals (see also, Comesaia, Soares & Lima, 2010;
Tonzar, Lotto & Job, 2009).

The learning benefits associated with semantic learning
strategies do not only appear in children but also in adult L2
learners. In a recent study, Garcia-Gdmez and Macizo (2020)
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 learn-
ing, 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
that was conceptually mediated; while the lexical group made
the translation task 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 con-
nection between concepts and L2 words.

Thus, there is abundant behavioral evidence showing that L2
vocabulary learning based on semantic training favors the estab-
lishment of connections between the semantic system and new
L2 words. This evidence has been obtained by enriching the L2
learning context with material and tasks that favor the semantic
processing of the new words. These include: the use of semantic
ratings about the new words (Barcroft, 2002); presenting L2
vocabulary in semantically grouped sets (Finkbeiner & Nicol,
2003); the use of pictures that denote the meaning of the word
to be learned (e.g., Comesana et al, 2009, 2010; Comesana,
Soares, Sanchez-Casas & Lima, 2012; Tonzar et al., 2009); pictures
and listening/speaking exercises (e.g., Poarch, Van Hell & Kroll,
2014); gestures that represent the meaning of the new words
(e.g., Garcia-Gamez & Macizo, 2019; Tellier, 2008) etc. — see
Rice and Tokowicz, 2020, for a review of laboratory studies of
adult second language vocabulary training. However, the results
of behavioral research sometimes diverge from the outcomes
reported in electrophysiological reports. In studies on bilingual-
ism, differences in the neural correlates of cognitive processes
have been found in the absence of overt behavioral differences
(Abutalebi et al, 2012; Bialystok, Craik, Grady, Chau, Ishii,
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Gunji & Pantev, 2005; Kousaie & Phillips, 2012). Concerning
L2 vocabulary acquisition, behavioral studies sometimes fail to
capture subtle changes in language processing that occur with
minimal training in L2 learning (McLaughlin, Osterhout &
Kim, 2004). For example, McLaughlin et al. showed that brain
activity of adult L2 learners indexed 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 assess-
ments. To the best of our knowledge, there are no previous elec-
trophysiological studies comparing the effect of semantic vs.
lexical training on L2 vocabulary acquisition. In our study, we
address this point directly. To be more specific, the goal of our
study was to evaluate, from an electrophysiological approach
(i.e., ERP data), the impact that a semantic vs. lexical L2 vocabu-
lary learning could have on the posterior processing of the new
words in language production tasks (ie., translation and
picture-naming).

Several electrophysiological components have been used to
index vocabulary acquisition in L2 (Midgley, Holcomb &
Grainger, 2009; Yum, Midgley, Holcomb & Grainger, 2014).
The P2 component is a positive-going waveform with a peak
latency ranging from 150 to 275ms. It is thought to index
mechanisms of selective attention (Hackley, Woldorff &
Hillyard, 1990), and other sensory stages of item encoding
(Dunn, Dunn, Languis & Andrews, 1998). When L2 learners per-
form word reading tasks, there are differences near the peak of the
P2 component depending on the language in which they read the
words. In particular, the P2 amplitude is more positive when
reading in L2 compared to the reading of words in the native lan-
guage (e.g., Midgley et al., 2009). These differences between lan-
guages would indicate a greater involvement of the attentional
mechanism when learners process words in L2 vs L1. However,
beyond this early ERP component, more relevant to the present
study are two other electrophysiological indexes, the N400 and
the late positivity component (LPC).

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 lexical-semantic information
(Kutas & Hillyard, 1980). In bilingual studies, it has been
shown that the processing of L2 words elicits smaller N400
than the processing of L1 words. Moreover, L2 words also pro-
duce larger N400 in highly proficient bilinguals compared with
L2 learners with low proficiency (Midgley et al., 2009). Thus,
modulations of the N400 amplitude when individuals process
L2 words have been considered an index of L2 proficiency in pre-
vious studies (e.g., Pu, Holcomb & Midgley, 2016; Soskey,
Holcomb & Midgley, 2016).

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 process-
ing in L1-L2 translation (e.g., Cheung & Chen, 1998; Finkbeiner
& Nicol, 2003; Garcia-Gamez & Macizo, 2019, 2020; Kroll &
Stewart, 1994; Poarch et al, 2014; Sholl, Sankaranarayanan &
Kroll, 1995; for a critical review of asymmetry dependent on the
translation direction, see Kroll et al., 2010). 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
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access (e.g., Hudson & Bergman, 1985; Monsell, Doyle &
Haggard, 1989), and this lexical factor produces a N400 attenu-
ation (Rugg, 1990; Van Petten & Kutas, 1990) with reduced
brain-wave negativity during the processing of high vs. low fre-
quency 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 backward vs. forward. 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 positivity peak-
ing between 500 and 900 ms. Although the function of the LPC is
still not clearly determined, it has been related to long-term
semantic memory (e.g., Coulson, Federmeier, Van Petten &
Kutas, 2005) and episodic recollection (Rugg & Curran, 2007,
for a review). This component overlaps both temporally and spa-
tially with the P600, an ERP component that has been linked to
different language sub-processes, especially at the syntactic level
(Leckey & Federmeier, 2020, for a review). Some authors have
proposed that the LPC/P600 are the same component or part of
the same family of components which are not specific to syntactic
processing but would be associated with reanalysis of information
and response monitoring in language processing (Kolk & Chwilla,
2007).

In translation tasks, the LPC shows an inverse polarity between
parietal and frontal regions and this component has been asso-
ciated 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 late time-windows
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 linked the LPC found in trans-
lation tasks to the process of establishing connections between
words across languages (Jackson, Swainson, Cunnington &
Jackson, 2001).

On the other hand, LPC modulations have been observed
when bilinguals perform picture-naming tasks (Martin et al.,
2013). For instance, the LPC amplitude is greater when the diffi-
culty in the retrieval of the picture names increases (e.g., naming
tasks that involve language switching across trials). In general,
studies about lexical processing in bilinguals seem to indicate
that the more complex the processing of the stimuli (e.g., L2 nam-
ing vs. L1 naming) the greater the mean amplitude of the LPC
component (Jackson et al., 2001; Kieffaber, Kruschke, Cho,
Walker & Hetrick, 2013).

1. 1. The current study

The main objective of our study was to evaluate the impact of a
semantic vs. lexical training on the acquisition of vocabulary in
a foreign language. 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 was exposed to
L2 words accompanied by a picture representing their meaning,
and participants practiced during learning with a semantic cat-
egorization task. The lexical training group was exposed to 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, electro-
physiological data were collected while participants performed a
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translation and a naming task to evaluate the acquisition of L2
vocabulary.

As mentioned before, to our knowledge, there are no previous
electrophysiological studies evaluating the impact that a lexical vs.
semantic training would have on L2 vocabulary acquisition. Thus,
the predictions of our study were based on preliminary behavioral
research on the subject, the comparison between semantic vs. lex-
ical L2 vocabulary acquisition trainings (e.g., Comesaia et al.,
2012; Garcia-Gdmez & Macizo, 2020; Poarch et al,, 2014), and
electrophysiological studies regarding the evaluation tasks used
in the current work (translation and picture-naming - e.g., Guo
et al., 2012; Jackson et al., 2001; Jost et al., 2018).

Firstly, we expected to observe differences between the seman-
tic and the lexical learning groups that would modulate the N400
amplitude. In particular, the N400 negativity would be larger in
the semantic vs. lexical training. This prediction was based on
the assumption that the semantic training would strengthen
the connections between concepts and the new L2 words
(e.g., Comesana et al., 2012). These L2-concept connections are
stronger in fluent bilinguals compared to less fluent bilinguals
(e.g., Kroll & Stewart, 1994; Talamas et al., 1999) and the develop-
ment of L2 fluency is accompanied by larger N400 amplitudes
when bilinguals perform language tasks in L2 (Midgley et al,
2009; Moreno & Kutas, 2005; Neville, Mills & Lawson, 1992).
Regarding the LPC amplitude, we did not anticipate differences
between the learning groups. As already noted, The LPC has
been related to the reanalysis of information (e.g., Kolk &
Chwilla, 2007), and the LPC amplitude increases with the
difficulty of the rechecking process (e.g., when it is difficult to
determine if L1-L2 word pairs are correct translations, Guo
et al,, 2012). This comparison between L1-L2 lexical forms can
be done through lexical connections between languages: these
links would operate regardless of the type of training, and
would remain even in fluent bilinguals (e.g., cross-language lexical
activation persists for highly proficient bilinguals, Hoshino &
Kroll, 2008). Thus, we expect that the process of rechecking lexical
information underlying LPC modulations would be functional in
the lexical and semantic training groups and, hence, we did not
anticipate differences between L2 learning groups.

Looking at the translation task, we expected to found larger
N400 amplitude in forward vs. backward translation. This predic-
tion was not grounded in electrophysiological studies because
there is mixed evidence regarding N400 modulations and the
translation direction effect (Christoffels et al., 2013; but see Jost
et al., 2018). However, the retrieval of lexical-semantic informa-
tion is more difficult in forward than backward translation
(e.g., Kroll & Stewart, 1994) which would result in larger N400
amplitudes related to the increased difficulty of lexical-semantic
analysis in forward vs. backward translation (i.e., the processing
of low vs. high frequency words, Rugg, 1990; the processing of
semantically related vs. unrelated word pairs, Bentin, McCarthy
& Wood, 1985). Furthermore, if we assume that the translation
direction effect is due to differences in semantic processing
(i.e., semantic mediation is larger in forward vs. backward
translation — Kroll & Stewart, 1994), we anticipated that the mag-
nitude of this effect would be greater in the semantic vs. lexical
training group. On the other hand, the translation direction
would modulate the LPC amplitude, since previous studies with
the translation recognition task show that this ERP component
is sensitive to task difficulty (e.g., Guo et al,, 2012). However, as
indicated above, we do not anticipate LPC amplitude differences
between the learning groups.
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Concerning the picture-naming task, we expect to observe an
output language effect with larger N400 negativity and LPC posi-
tivity in L2 naming compared to L1 naming. The N400 modula-
tion was predicted from previous studies that show a greater
difficulty of picture-naming in the non-dominant language
(Francis, Augustini & Sdenz, 2003; Radman et al, 2018).
Similarly, the LPC amplitude would be larger as the difficulty of
the naming task increases (Jackson et al., 2001; Kieffaber et al.,
2013) - in our case, larger LPC amplitude in L2 vs. L1 naming.
Finally, we did not anticipate between-group differences due to
the output language since the greater difficulty in L2 vs. L1 nam-
ing is a robust effect that does not depend on different factors
such as the age of the participants (e.g., Gollan, Montoya, Cera
& Sandoval, 2008), or the bilingual fluency (i.e., fluent bilinguals
show the effect - e.g., English-Spanish bilinguals, Sholl et al,
1995; Chinese-English bilinguals, Chen, Cheung & Lau, 1997).

2. Method
2. 1. Participants

Fifty-six native Spanish speakers, students at the University of
Granada, participated in this study for course credits. At present,
it is difficult to consider Spanish speakers as monolinguals due to
their previous experience with other languages (e.g., L2 instruc-
tion at school and high school). However, we used different inclu-
sion criteria to ensure that, when conducting the study,
participants had as little contact as possible with languages
other than Spanish. On a daily basis, they had to report that,
(a) they had no contact with any other language different from
Spanish, (b) their last contact with a FL had to be at high school,
(c) they had never received any FL instruction apart from regular
education and, (d) they had never obtained a FL certification.
Importantly, the participants in the lexical and semantic training
group were selected from the same pool (i.e., university students),
and were assigned to the groups at random, reducing the possibil-
ity that the participants’ previous linguistic experience would
determine possible differences between the lexical and semantic
training groups when acquiring new L2 words.

None of the participants reported history of language disabil-
ities and they had normal or corrected-to-normal visual acuity.
Twenty-eight participants were randomly assigned to the seman-
tic 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, ¢
(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 program 3.1.9.2 (Faul,
Erdfelder, Lang & Buchner, 2007). To achieve a 95% statistical
power at o.=.05 and a small effect size (0.42) computed based
on a 7p=.15, in a 2 x 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.
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2. 2. Design and materials

In the current study, participants learned a set of 60 Spanish
(L1) - Vimmi (L2) words. The L2 vocabulary learning was con-
ducted in a single session. After finishing the training part, the
participants performed the evaluation tasks while recording the
continuous electroencephalogram (EEG). The participants carried
out two tasks to evaluate the acquisition of L2 words in the fol-
lowing 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 partici-
pants 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 vari-
ables, Spanish words from six semantic categories were chosen
(Battig & Montague, 1969). 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 add-
ition, for each word, a picture denoting its concept was selected
(Pérez & Navalon, 2003; Snodgrass & Vanderwart, 1980). Each
Spanish word and its corresponding picture were randomly paired
with a Vimmi word. The complete set of stimuli is presented as
Supplementary Materials (Supplementary Materials, Table S1).
Statistical ~description of the material is detailed as
Supplementary Materials (Supplementary Materials, Table S2):
Lexical characteristics of Spanish words taken from Cuetos,
Glez-Nosti, Barbon, and Brysbaert (2011), and Pérez and
Navalén (2003 - length, word frequency, orthographic neigh-
bourhood, age of acquisition, familiarity, manipulability, typical-
ity, 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 Navalén (visual complexity of
pictures, image agreement, image variability, and picture-name
agreement).

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 (i.e., L2 vocabu-
lary learning 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. The number of expositions
to the FL words was maintained constant across participants
and no threshold was stablished to continue with the evaluation
tasks. This way of proceeding was done to ensure that all parti-
cipants were exposed to the new words an equal number of
times and thus avoiding possible between-group differences in
episodic memory associated to differences in the number of
repetitions of the FL words in the lexical and semantic learning
group.

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 pre-
sented (e.g., pldtano, banana in Spanish). In the semantic training,
a picture appeared in the middle of the screen (e.g., a picture


https://doi.org/10.1017/S1366728921000456

Bilingualism: Language and Cognition

Semantic training

word learning

raone

C‘} “incorrect”

- =

Figure 1. Description of the L2 vocabulary learning methods used in the current study.

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 “prac-
tice new learned words” appeared on the screen; participants
pressed the space bar to continue and 500 ms later, they per-
formed the practice task. In the practice task of the semantic
training, a category name was presented in capital letters for
750 ms (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 pre-
viously 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
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“yes” and “no” responses was counterbalanced across participants
(see Figure 1).

The practice task in lexical learning consisted of the presenta-
tion 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 ran-
domly 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 conso-
nants. 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 (2020).

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
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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 trans-
lation tasks were presented was counterbalanced across partici-
pants. 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.

Picture-naming task

In this 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 pre-
sented in random order. On each trial, a fixation point was pre-
sented 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 for 500 ms, followed by a white screen
that remained until the participants’ response.

2. 3. Procedure

The study was conducted in a single day, with participants being
tested individually in the EEG recording room. E-prime experi-
mental software was used for stimulus presentation and data
acquisition (Schneider, Eschman & Zuccolotto, 2002). Firstly,
participants performed a familiarization task where all the 60 pic-
tures used in the experiment were presented along with their
Spanish names. The participants were instructed to see each pic-
ture 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
mean time needed to complete the lexical and semantic training
was similar, 89.54 minutes (SE=12.48) and 83.84 minutes
(SE =10.88) respectively, ¢ (54) = 1.82, p =.07. After completing
the L2 acquisition phase, an elastic cap with 64 electrodes was
placed on the head of the participants to record the EEG signal.
Finally, participants continued with the evaluation tasks (trans-
lation and naming tasks). The evaluation tasks order was not
counterbalanced across participants. To name a picture (regard-
less of the output language) it is always required to retrieve its
meaning (Potter & Faulconer, 1975). However, the translation
task can be performed without semantic processing though
L1-L2 lexical connections (Kroll & Stewart, 1994). The reason
underlying the fixed order in which participants received the
evaluation tasks (the translation task followed by the picture-
naming task) was to avoid the possible semantic effect that
the naming of pictures (i.e., the retrieval of their meaning)
could have in the subsequent translation task (i.e., in case of
having presented the picture-naming task followed by transla-
tion task).

The complete session lasted approximately 150 minutes.

2. 4. Electrophysiological recording

After the learning phase, the continuous Electroencephalogram
(EEG) was recorded from 64 scalp electrodes installed on an
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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 elec-
trode placed in the midline of the cap (between Cz and CPz)
and later off-line re-referenced to a common average reference.
The decision to re-reference offline to the average of all electrodes
instead of using the linked mastoids as a reference was based on
previous research studies on the subject (e.g., ERPs studies on ini-
tial L2 vocabulary learning, Yum et al., 2014; see also Martin et al.,
2013). In addition, we followed the recommendations provided by
Makoto Miyakoshi’s preprocessing pipeline (Swartz Center for
Computational Neuroscience, 2019), which suggest re-referencing
the data to average (see Yao, Qin, Hu, Dong, Vega & Sosa, 2019,
for a comparison between the advantages and disadvantages asso-
ciated with each type of reference used for EEG and ERP
practice).

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 analysed by using the open-source
toolbox ERPLab (Lopez-Calderén & Luck, 2014). Eye blinks and
other artifacts components were identified and corrected by
means of independent component analysis (ICA) and careful vis-
ual inspection of the recordings. Epochs were baseline corrected
using the mean activity during the -100 to 0 ms pre-stimuli per-
iod. 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 wused (Blackford, Holcomb, Grainger &
Kuperberg, 2012; Chauncey, Grainger & Holcomb, 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 left (F3, C3, P3), cen-
tral (Fz, Cz, Pz), and right (F4, C4, P4) sides extending from
the front to the back of the head (see Supplementary
Materials, Figure S3).

2. 5. 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 with the
EEG recording session could not be analysed due to malfunc-
tioning of the recording system. The stimulus presentation sys-
tem (E-prime) correctly sent the identification codes for each
type of stimulus and condition to the EEG signal recorded
with the Neuroscan system. The EEG signal was correctly
recorded but the system failed to record the behavioral
responses provided by the participant because, when the
experiment was programmed, an incorrect port was selected
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for sending signals from the E-prime software to the response
box".

Fortunately, the current work was part of a research project in
which different methods for FL vocabulary acquisition (learning
by gestures, images, etc.) were evaluated (PSI2016-75250-P).
Regarding the comparison between lexical and semantic trainings,
before collecting the data reported in the current study, behavioral
research was conducted (Garcia-Gamez & Macizo, 2020). The
authors examined the impact of lexical and semantic FL vocabu-
lary trainings on the processing of the new acquired words within
sentences and out-of-context tasks (lexical decision, picture-
naming and translation). The participants in Garcia-Gamez and
Macizo did not take part in the current study but were selected
from the same pool (students at the University of Granada).
Regarding the translation task, the behavioral results revealed a
training effect with slower translation times in the semantic
group (1670 ms) than in the lexical group (1321 ms). The transla-
tion direction effect was also found with slower translation times
in forward translation (1738 ms) than in backward translation
(1252 ms). Furthermore, this effect (RT difference between for-
ward translation minus backward translation) was larger in the
semantic group (628 ms) than in the lexical group (342 ms). In
the picture-naming task, the output language effect was obtained
with slower naming time in the FL (484 ms) than in the L1 (1,076
ms). In addition, a training effect was observed which was modu-
lated by the output language. There were no between-group dif-
ferences when participants named the pictures in L1; however,
when they named the pictures in the FL, the semantic group
was faster (842 ms) than the lexical group (1311 ms).

When relevant, the electrophysiological data obtained in this
study will be compared to the behavioral study conducted by
Garcia-Gdmez and Macizo (2020). However, we would like to
emphasize that this joint interpretation of empirical evidence
has to be taken with caution. Although participants were part
of the same pool, and the same training and evaluation proce-
dures were used in both studies, data from two separate reports
cannot be equated with the simultaneous recording of behavioral
and electrophysiological data.

The analyses conducted with electrophysiological data according
to the evaluation tasks are described below. In these analyses, 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.

'We are grateful to an anonymous reviewer for suggesting that the loss of behavioral
data in the current study could have been addressed by the inclusion of a second behav-
ioral session with the same evaluation tasks (translation and picture-naming). The
reviewer anticipated that, in this second session, the lexical group as well as the semantic
group should show a better performance in L1 naming than in L2 naming. We agree with
this prediction. In laboratory studies on L2 vocabulary acquisition, participants exhibit
inferior performance on delayed versus immediate post-tests (Lawson & Hogben, 1998;
Sagarra & Alba, 2006). This could imply an increased difficulty in accessing lexical/
semantic information of new L2 words. On the contrary, no differences would be
expected between evaluation sessions in L1 tasks (e.g., L1 picture-naming) since it is
the participants’ native language. Nevertheless, at the end of data collection in the current
study, we did not come up with this possible post-test behavioral assessment. Moreover,
the comparison between electrophysiological measures (obtained in an immediate evalu-
ation) and behavioral measures (obtained in a delayed evaluation) would not be direct
since additional consolidation processes would take place in the delayed post-test and
not in the immediate post-test (see Bakker, Takashima, Van Hell, Janzen & McQueen,
2015; Liu & Van Hell, 2020, for novel word consolidation effects in novel word learning).
In order to mitigate the loss of behavioral data in our study and with the aim of compar-
ing electrophysiological and behavioral results, in this work, we considered the behavioral
results reported by Garcia-Gdmez and Macizo (2020). Note that immediate post-test tasks
were used in both studies.
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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 averages in each experimental condition (for-
ward translation, backward translation) comprised 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 win-
dows time-locked to the onset of the words to be translated. These
temporal windows were selected based on careful visual inspec-
tion and previous electrophysiological studies addressing transla-
tion 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 with 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 LPC associated with the re-evaluation of infor-
mation 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 fac-
tor and the Language in which participants named the pictures
(L1 naming, L2 naming), Laterality (left, central, right) and
Anterior-Posterior Electrode Distribution (frontal, central, par-
ietal) 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 inspec-
tion and previous studies on picture-naming (Blackford et al.,
2012; Verhoef, 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 (Blackford
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 separ-
ately. In all repeated-measure ANOVAs reported in the 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 e correction factor.

3. Results

Firstly, we report the behavioral results obtained during the train-
ing task. Afterwards, we present the electrophysiological results of
the two evaluation tasks (translation, naming) that participants
performed after the training session.
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3. 1. L2 vocabulary learning tasks

Correct responses in the L2 lexical training and L2 semantic
training phases were 71.18% (SE=2.63), 95% CI [65.91,
76.46], and 84.95% (SE =2.63) 95% CI [79.68, 90.22], respect-
ively. The reaction times (RTs) associated with correct
responses in the training tasks were trimmed following the pro-
cedure 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 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, n* = .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 significant in 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 2). However, 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 dur-
ing semantic training (1292 ms, SE = 195) compared to the 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 signifi-
cant, F(9, 486) = 3.10, p = .001, n* = .06.

In the lexical training phase, linear trend analysis was signifi-
cant, 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 begin-
ning 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 of training was larger in
the lexical group (791 ms) compared to the semantic group
(604 ms).
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Figure 2. Percentage of correct responses and response times (in milliseconds)
obtained in the L2 training task (lexical training, semantic training) across blocks
of training. Error bars represent standard errors.

3. 2. Translation task

The results obtained in the translation task are presented in
Figure 3. The complete pattern of statistical results obtained in
the translation task for the lexical and semantic training groups
is reported in Table 1.7

150-300 ms time window

The type of training effect was not significant, F < 1. No interac-
tions 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 inter-
action 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,

2False discovery rate (FDR) corrections were computed (Benjamini & Hochberg, 1995)
to control for false positive results when multiple tests were conducted in our study.
To this end, we first conducted pairwise comparisons in each spatial location and time
window to examine the translation direction effect and the naming language effect in
the lexical and semantic learning groups. The pattern of data after false discovery rate cor-
rections for 9 pairwise comparisons in each time-window and learning group was similar
to that reported in text. A detailed description of the results obtained in these analyses are
available as Supplementary Materials (Supplementary Materials).
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Figure 3. Grand Average ERPs for the forward (L1-L2) translation (solid lines) and backward (L2-L1) translation (dashed lines) obtained in the Lexical and Semantic
Groups of Training. The time-windows analyzed in the study are framed by a dotted rectangle. * p <.05

F(1, 52) = 5.69, p =.02, n° = .10. Brain waves were more negative
in the semantic training (M =-29 uV, SE=.14) compared with
the lexical training (M =.20 uV, 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, ° = .04.

In the Lexical training, the Translation Direction x Lateral
axis interaction was significant, F(2, 52) =4.77, p=.01, € =.95,
17’ =.16. There were significant differences between translation
directions in the right hemisphere, F(1, 26)=10.17, p=.004,
n° = .28. More negative brain waves were observed in the forward
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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 mid-
line regions were not significant (all ps > .05).

In the Semantic training, the Translation Direction x
Anterior-Posterior axis x Lateral axis interaction was marginal,
F(4, 104) =2.27, p=.07, € =.87, ° =.08. In frontal regions, the
translation direction effect was not significant in the left area,
t(26) =0.25, p=.80, the midline area, #(26)=0.26, p=.79, or
the right area, #(26)=0.72, p=.47. In central regions, the
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Table 1. 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 Effects F p F p
150-300 ms TD .26 .61 2.23 A5
TD x AP axis 1.99 17 .62 A7
TD x LM axis 1.51 .23 46 .61
TD x AP axis x LM axis .84 45 2.26 .09
300-500 ms TD 1.27 27 3.35 .07
TD x AP axis 1.33 .26 1.57 22
TD x LM axis 4.77 .01* 2.72 .09
TD x AP axis x LM axis .92 42 2.27 .07
500-700 ms TD 12.05 .001** 12.82 .001**
TD x AP axis 10.47 .001** 16.71 .001**
TD x LM axis 4.46 .03* .33 .63
TD x AP axis x LM axis 46 12 1.78 .16

Abbreviations: TD: Translation Direction, AP: Anterior-Posterior, LM: Lateral-Medial. *p <.05, **p <.001

translation direction effect was not significant in the left area,
t(26) = 0.37, p=.72, but brain waves were more negative in for-
ward translation relative to backward translation in midline
regions, #(26)=2.13, p=.04, and right regions, #(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, #(26) =2.47, p=.02, and it was
marginal in the right region, #(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,
n2 =.05.

In the Lexical training, the Translation Direction x
Anterior-Posterior axis interaction was significant, F(2, 52) =
10.47, p=.001, €=.62, n°=.29. Additionally, the Translation
Direction x Lateral axis interaction was significant, F(2, 52) =
4.46, p=.03, € =.66, °=.15. In frontal areas, the translation
direction effect was not significant in the left region, #(26) =
1.64, p=.11, but it was significant in the midline region, ¢(26)
=231, p=.02, and in the right region, #(26) =3.60, p =.003. In
central areas, there were no significant differences between trans-
lation directions in the left region, #(26) = 1.47, p = .15, although
they were significant in the midline region, ¢(26) =2.30, p =.03,
and in the right region, #(26) =4.03, p <.001. Finally, in parietal
areas, the differences between translation directions were signifi-
cant in the left area, #(26)=3.56, p=.001, and marginally
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significant in the midline, #(26) =1.76, p=.09, and right areas,
1(26) = 1.73, p = .09.

In the Semantic training, the Translation Direction x
Anterior-Posterior axis interaction was significant, F(2, 52)=
16.71, p<.001, € =78, i° =.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 pV, SE=.63) than for the forward (M=-2.97 puV,
SE = .58) translation direction. In central areas, the differences
between translation directions were significant, F(1, 26) = 16.46,
P <.001, ° = .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, ” = .25. In this case, mean amplitude was more positive
in the forward (M =1.83 uV, SE=.52) than in the backward
translation direction (M =1.07 uV, SE =.57).

3. 3. Picture-Naming task

The results obtained by the lexical and semantic training groups
are presented in Figure 4. Additionally, summaries of statistical
analyses conducted for both training groups are reported in
Table 2.

150-250 ms time-window

The type of training was not significant, F(1, 52) = 1.51, p=.22,
7° =.03, nor did this variable interact 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).
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Figure 4. Grand Average ERPs for the Spanish naming (L1 - solid lines) and Vimmi naming (L2 - dashed lines) obtained in the Lexical and Semantic Groups of

Training. The time-windows analyzed in the study are framed by a dotted rectangle. *

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).

In the Lexical training, no main effects or interactions between
variables were significant (all ps > .05).

In the Semantic training, the Naming Language x
Anterior-Posterior axis interaction was significant, F(2, 52) =
5.86, p=.007, € = .86, n° =.18. In frontal areas, the naming lan-
guage 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 Mv, SE=.39) than in LI
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naming (M =.33 Mv, 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)=523, p=.007, €=.96, 1°=.09.
Significant differences between types of training were obtained in
the right hemisphere, F(1, 52) = 13.11, p <.001, 7° = .20, with more
positive amplitude in the semantic training (M =.71 Mv, SE =.18)
than in the lexical training (M = -.24 Mv, SE = .18). The type of train-
ing was not significant in any other brain region (all ps > .05).
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Table 2. 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 Semantic
Training Training
Time-window Effects F p F p
150-300 ms TD .04 .83 .06 .80
TD x AP axis .35 .64 .64 46
TD x LM 13 .78 .28 73
axis
TD x AP axis .06 .86 .76 .52
X LM axis
300-500 ms TD .75 .39 .86 .36
TD x AP axis 2.26 13 5.86 .007*
TD x LM .58 .54 1.15 .30
axis
TD x AP axis 2.20 .08 .56 .63
X LM axis
500-700 ms TD 1.39 .25 2.65 12
TD x AP axis 4.05 .03* 6.02 .01*
TD x LM .81 43 .52 .53
axis
TD x AP axis 1.05 37 12 .93
X LM axis

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

In the Lexical training, the Naming Language x
Anterior-Posterior axis interaction was significant, F(2, 52)=
4.05, p=.03, € =.76, 7° =.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, n°=.17,
with more positive amplitude in L2 naming (M =126 My,
SE = 41) than in L1 naming (M =.60 Mv, SE = .33).

In the 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 between
naming languages in frontal regions, F(1,26)=5.90, p=.02,
n’ = .23, with more positive brain waves in L1 naming (M = -.95
My, SE =.50) than in L2 naming (M = -1.94 Mv, SE = .55). In cen-
tral regions, the differences between naming languages were sig-
nificant too, F(1, 26) = 5.45, p=.03, n° = .21, with more positive
amplitude in L1 naming (M =2.07 Mv, SE = 41) than in L2 nam-
ing (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).

The results obtained in the picture-naming task revealed a
naming language effect in the LPC component. In posterior
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regions (i.e., parietal region), the LPC amplitude was more posi-
tive in the L2 naming compared to the L1 naming in both learn-
ing groups. However, the naming language only modulated the
N400 component in the semantic group but not in the lexical
group. In the semantic training group, the N400 amplitude was
more negative in central regions when the learners named the
pictures in L2 vs. L1. Thus, while the semantic learning group dis-
played a biphasic N400-LPC response (i.e., a negative modulation
followed by a positive ERP modulation), the lexical group only
showed a positive electrophysiological response in late time-
windows. At this point, we conducted additional exploratory ana-
lyses. Firstly, we evaluated the possible relationship between the
magnitude of the N400 and the LPC naming language effect
and, secondly, we explored the distribution of the effects across
participants and training groups (see Tanner & Van Hell, 2014,
for a systematic analysis of the relationship between the magni-
tude of the N400/P600 effects and the evaluation of individual
differences in morphosyntactic processing with monolingual indi-
viduals). To this end, we selected two representative electrodes in
which the N400 and the LPC effects were mainly observed in our
study (C4 and P3, respectively). For each participant, we com-
puted the magnitude of the naming language effect on the
N400 component (L1 naming minus L2 naming in the 250-400
ms time-window) and the LPC component (L2 naming minus
L1 naming in the 400-700 ms time-window). The distribution
of the N400 and LPC effects in the two learning groups are
described in Figure 5. The correlation between the magnitude
of the N400 effect and the LPC effect was not significant either
in the lexical group, r=.15, p=.47, or in the semantic group, r
=.10, p=.63. In other words, the magnitude of the N400 effect
was not associated with an increase or reduction of the LPC effect
in any of the learning groups.

4. Discussion

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

In our study, we compared the learning of L2 words from a
lexical group that received pairs of L1-L2 words and practiced
with a lexical task (grapheme monitoring) and a semantic
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 better performance (higher number of correct answers and
faster response times) at the end of training compared to the
beginning of the learning. Although the learning curve was inde-
pendent of the type of learning, the performance of the training
task was lower in the lexical group than in the semantic group
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Figure 5. Scatterplots showing the relationship between the 400 and the LPC effect magnitudes in the picture-naming task across L2 learners in the lexical and
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from the beginning of the acquisition process. This pattern of
results was the same as that reported in a previous behavioral
study (e.g., Garcia-Gamez & Macizo, 2020) with the same training
tasks as those used here. Less efficient performance in the lexical
vs. semantic training group found in the current study seems to be
due to the greater difficulty of the grapheme monitoring than the
semantic categorization (see Garcia-Gamez & Macizo, 2020, for a
detailed discussion on this issue and for experimental data show-
ing 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%) com-
pared 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 FL
vocabulary acquisition. In line with the predictions provided in
the introduction section, 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 lex-
ical training group. This pattern of results appears to indicate that
the semantic training group was engaged in deeper semantic pro-
cessing. 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 bilinguals compared with L2 lear-
ners with low proficiency (Midgley et al., 2009; Rodriguez-Fornells,
Cunillera, Mestres-Missé & de Diego-Balaguer, 2009, for a review).
Therefore, the acquisition of FL vocabulary based on semantic
training would reflect a pattern of brain activity more similar to
that observed in fluent bilinguals during the performance of lin-
guistic tasks’.

The electrophysiological data reported here can be compared
to the behavioral evidence outlined by Garcia-Gamez and
Macizo (2020). The authors showed slower translation times in
the semantic group than in the lexical group and this effect was
taken as evidence of an increased conceptual processing in the
semantic group which would slow down the translation task. In
our study, the larger N400 amplitude observed in the semantic
vs. lexical group would seem to indicate that the learners in the
semantic group would retrieve the meaning of the words in the
translation task to a greater extent than the lexical group.
However, as noted in the method section, the comparison
between the behavioral data from a previous study and the elec-
trophysiological results reported here should be treated with cau-
tion because it is not comparable to the collection of behavioral
and electrophysiological outcomes from the same sample of
participants.

Furthermore, as expected, the results obtained in the current
study revealed a translation direction effect with greater N400
amplitudes in the forward translation than in the backward trans-
lation. This pattern of data is consistent with other studies in
which higher N400 is observed when the difficulty in retrieving

*We would like to point out that in no case are we equating the performance of the
participants in the semantic training group with fluent bilinguals. On the contrary, in
the discussion section, we are suggesting that the performance of learners in the semantic
group resembles the performance of fluent L2 learners within studies comparing less vs.
more fluent students with laboratory tasks (e.g., translation task, translation recognition
task, lexical decision, picture-naming, etc. - Comesafia et al., 2012; Kroll & Stewart, 1994;
Sholl et al., 1995; Talamas et al., 1999). Furthermore, this comparison is limited to studies
on L2 vocabulary leaving behind other linguistic components that would characterize the
performance of fluent bilinguals (phonetic/phonological analysis, syntax, prosody, lan-
guage control functions, etc.).
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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 et al., 2010; Poarch et al., 2014). To
illustrate, Garcia-Gamez and Macizo (2020) observed this transla-
tion direction effect with the same language pair as those used in
our study; slower translation times in L1-L2 direction (Spanish-
Vimmi) than in L2-L1 direction (Vimmi-Spanish).

On the other hand, the N400 modulations due to the transla-
tion direction (greater negativity in forward than backward trans-
lation) were more widely distributed in the semantic training
group (central and parietal regions) than the lexical training
group (right central region — Figure 3). The broader distribution
of the N400 component when the semantic learning group per-
formed the forward translation task is in line with previous
research in which highly fluent bilinguals show N400 modula-
tions located in the same scalp locations (Deacon, Dynowska,
Ritter & Grose-Fifer, 2004; Holcomb, 1993; Kerkhofs, Dijkstra,
Chwilla & de Bruijn, 2006; Palmer et al.,, 2010). Thus, electro-
physiological response observed in the semantic vs. lexical train-
ing 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 dis-
tribution of this component was similar in the semantic and lex-
ical 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). As we anticipated in the
introduction section, we expected this rechecking mechanism
would operate in the lexical and semantic training, so we did
not predict differences between the learning groups in the LPC
amplitude. 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, we anticipated N400
modulations depending on the output language. In particular, we
expect to find greater negativity in L2 naming compared to L1
naming due to the greater difficulty involved in retrieving lexical-
semantic information when bilinguals perform the picture-
naming task in their L2 language relative to their native language
(Jackson et al., 2001; Kieffaber et al., 2013). In behavioral studies,
this disadvantage in L2 naming (slower latency and reduced
response accuracy in L2 vs. L1 naming) is a robust effect that
seems relatively independent of several linguistic factors (see
Hanulova, Davidson & Indefrey, 2011, for a review). Thus, in
our study, we predicted this effect across FL learners regardless
of the type of training that would have received. However, electro-
physiological data revealed that the naming language effect was
found in the semantic training group but not in the lexical train-
ing group. This was an unexpected pattern of results. In particu-
lar, 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. These data seem to indicate
that the learners in the semantic group behaved similarly to fluent
bilinguals during the L2 naming task. To illustrate, it has been
observed in previous studies that expert vs. novice learners
show greater sensitivity to conceptual processing when perform-
ing L2 linguistic tasks, which is reflected in a higher N400
(Midgley et al., 2009). On the other hand, in the semantic
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group, a 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 retrieving the
name of the pictures in their native language than in their second
language.

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 pic-
tures (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. Support for this conclusion comes from several
behavioral studies showing that in less fluid bilinguals, L2 picture-
naming involves the retrieval of lexical information in the L1 lexi-
con (Kroll et al,, 2002). In the N400 time-window, the results
obtained in the picture-naming task would indicate that the lear-
ners 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.

In any case, as indicated above, we had no a priori reason to
anticipate differences between the semantic and lexical learning
groups in the naming language effect. In fact, we expected to
find that the two training groups were sensitive to the greater dif-
ficulty of lexical-semantic retrieval when they named pictures in
L2 vs. L1. We acknowledge that this pattern of outcomes has to
be taken with caution for several reasons. Firstly, in order to
offer a complete pattern of results, we analyzed the effect of
each task (translation and picture-naming), factor (translation
direction, naming language) and ERP component (N400 and
LPC) separately for the semantic and lexical training groups.
However, in the picture-naming task, statistical analyses did not
reveal the type of training effect nor did this factor interact with
the naming language in the N400 time window (250-400 ms).
On the other hand, the naming language effect found in the
semantic training group was very small and located in one topo-
graphical location only (central region, specifically, C4 electrode,
see Figure 4).

Concerning the LPC component when participants performed
the picture-naming task, in the late temporal window, a LPC
modulation was found due to the output language. Specifically,
in posterior regions, greater positivity was found when partici-
pants named the pictures in L2 than in L1. 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 ampli-
tude of the LPC component has been also related to the difficulty
in rechecking information. For instance, Guo et al. reported
greater amplitude of the LPC component in a translation recogni-
tion 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
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information would be necessary to confirm 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 desig-
nated the picture name in L2. Finally, the LPC modulation found
in parietal regions was observed in the semantic and lexical training
groups. As noted in the introduction section, we had no a priori
reason to expect differences between the training groups in the
LPC amplitude as an index of difficulty in rechecking information.

5. Conclusions

To conclude, the results obtained in this study seem to indicate
that the type of training used for L2 vocabulary acquisition deter-
mines the strength and type of connections established between
the semantic system and new FL words. Electrophysiological evi-
dence seems to indicate a deeper semantic processing in the
picture-L2 word association training (semantic learning) com-
pared to the L1 word-L2 word association learning (lexical learn-
ing). Furthermore, the connections between the conceptual
system and L2 lexicon seems to be available for the learners
who acquired L2 words through a semantic training. These con-
clusions were mainly based on the translation task where it was
observed that the translation direction effect due to the greater
semantic processing in forward vs. backward translation was
more widely distributed in the semantic training group. On the
contrary, the pattern of N400 modulations obtained in the
picture-naming task does not allow to establish clear differences
between the learning groups, which could indicate that, at least
in this study, word retrieval from a picture did not vary as a func-
tion of the learning method. Finally, it should be noted that the
approach of our study was based on the comparison of the aver-
age performance of two groups of learners according to the type
of training they received (semantic vs. lexical). However, previous
electrophysiological evidence shows that the linguistic experience
of individuals determines the way they manage several language
sub-processes (e.g., morphosyntactic anomalies, such as agree-
ment and tense violations, Tanner & Van Hell, 2014).
Consequently, possible individual differences in L2 vocabulary
acquisition with semantic and lexical procedures should be fur-
ther explored.
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