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a b s t r a c t
Gestures should play a role in second language comprehension, given their importance in conveying
contextual information. In this study, the N400 and the LPC were evaluated in a task involving the
observation of videos showing utterances accompanied by gestures. Students studying advanced (GHigh participants) and basic German (G-Low participants) as a second language were investigated. The
utterance–gesture congruence and metaphoric meaning of content were manipulated during the task. As
in previous ERP reports with native speakers, metaphorical expressions were sensitive to gestures. In GLow participants, no modulation in the 300–500 ms window was observed, and only a modest effect was
observed for the 500–700 ms window. More subtle differences of verbal expression were not processed
in this group. Consistent with previous reports of the same paradigm with native speakers, the N400 from
G-High group discriminated both congruent and incongruent gestures as well as literal and metaphorical
sentences. Our results suggest that semantic processing is robust in the learning of a second language,
although the amplitude modulation and latency of ERPs might depend on the speaker’s proﬁciency level.
© 2010 Elsevier Ireland Ltd. All rights reserved.

It has been argued that a thorough comprehension of a second
language (L2 hereafter) requires not only a command of the linguistic structures but also the ability to employ such structures in
an appropriate context [23]. The gestures of multilingual speakers
show an inﬂuence of L2, as they differ from the gestures of monolingual speakers in their gesture execution [1]. Gestures represent
common concepts that are frequently accessible even to non-native
speakers. Verbal utterances are related to the information conveyed by gestures. This aspect of language is particularly evident
in ﬁgurative speech, where a considerable amount of contextual
information is required for understanding [6]. For example, studies show that contextual information (i.e., previous information at
sentence or relevant scheme levels) beyond lexical content is cru-
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cial to understanding metaphorical expressions [5]. These gestures
could represent an aspect of communicative competence for the
person learning a second language [23,12] and may even produce
stronger neural markers of language learning [13].
The purpose of our research is to determine whether electrophysiological correlates of literal and metaphoric semantic
processing are modulated by gestural information conveyed to participants with either high or low L2 proﬁciency.
Event related potentials (ERPs) can be consistently measured
using electroencephalography (EEG). ERPs are the ongoing electrophysiological activity resulting from the synchronous activation
of several neural subpopulations that occur in response to sensory, motor or cognitive events. ERPs reﬂect the summed activity
of excitatory postsynaptic potential (EPSP) and inhibitory postsynaptic potential (IPSP) activated in response to each new stimulus.
This technique has an excellent temporal resolution in the order
of milliseconds (ms); but the ERPs are less precise for the anatomical localization of the neural generators than the neuroimaging
techniques. Two electrophysiological components have been studied in relation to the semantic processing of L2. The N400 is an
ERP component characterized by a negative deﬂection peaking
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about 400 ms after the presentation of anomalous linguistic stimuli [16,8]. It is highly sensitive to contextual semantic modulation
[10]. The second component, the late positive complex (LPC), has
been related to a process of re-analysis of the incongruent situation
produced by inconsistent meaning [22].
Current studies have suggested that multimodal and cooccurring speech and gestures are integrated by the brain
simultaneously into the context of a preceding sentence [20]. In
particular, the stroke phase of a gesture conveys the meaning of
a gesture [17], a meaningful property of gesture stroke that has
been used in neuroscience. Studies using fMRI have shown that
unimodal (gesture only) and multimodal integration of gestures
and speech increase activation in the classical left hemispheric language areas [15]. Recent ERPs studies have triggered the N400 and
LPC with the gesture stroke onset. For example, Ozyüreck et al. [20]
assessed the integration of speech and gesture simultaneously triggered by word onset and static gesture stroke onset. The latency,
amplitude, and topographical distribution of both word and gesture
onset mismatches were found to be similar, despite the difference
in modality and in the speciﬁcity of meaning conveyed by spoken words and gestures, indicating that the brain integrates both
types of information similarly and simultaneously. Time-locking
ERPs by gesture strokes allow the investigation of relevant semantic coordination processes drawn from a temporally dynamic event
stroke gesture. Previous reports of co-gesture speech paradigms
([3,11] show N400 and LPC components elicited by gesture stroke
onset strongly modulated in terms of congruent vs. incongruent
stimuli compared to the N400/LPC component elicited by word
onset. Since the stroke occurs 200–400 ms after the relevant word
onset, it constitutes a better temporal window compared with word
onset because it implies the temporal integration between sentence
meaning and gesture meaning.
Previous ERP studies on semantic processing show that ERPs are
normally elicited by L2 speakers during lexical-semantic processing
during a sentence comprehension task [7,19,25]. To our knowledge, however, there are no prior ERP studies exploring how L2
speakers integrate the gesture information and ﬁgurative language.
We employed a previously described co-speech gesture paradigm
with native Spanish [3] and German [11] speakers. This paradigm
consisted of four different video clips conveying a combination of
literal or metaphorical expressions accompanied by congruent or
incongruent gestures. The ERPs were recorded while participants
viewed the short video clips. This allowed us to observe the effects
of the gesture congruency and expression type on the semantic
processing of the L2 learners.
Thirty adult Spanish speakers participated in this experiment
for monetary compensation. They were recruited from the Goethe
Institute and divided into two groups based on their German language proﬁciency (G-High and G-Low). The proﬁciency level was
determined by examinations from the Goethe Institute, and was
conﬁrmed by performance measures from a translation test. The
High German language proﬁciency group (G-High) consisted of 15
subjects (7 males, age 23.4 ± 4.38 years; 1 participant was excluded
due to excessive movement artifacts during the EEG recording). All
the participants passed the Kleines Deutsches Sprachdiplom (KDS)
or the Zentrale Oberstufenprüfung (ZOP) test. Both of these tests
require a high proﬁciency in German. They correspond to the highest level of language mastery on the Common European Framework
of Reference for Languages. Only participants with perfect translation on an ad hoc, self-assessed German proﬁciency questionnaire
were included. A second group (G-Low) consisted of 15 subjects (8
males, age 21.1 ± 5.15 years; two participants were excluded due
to excessive movement artifacts during the EEG recording). They
had developed their L2 skills up to the Goethe-Zertiﬁkat B1 level
(Zertiﬁkat Deutsch), which requires basic knowledge of colloquial
German language. At this proﬁciency level, they could communi-
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Fig. 1. Examples of expressions uttered with gestures. The ﬁgure shows four examples of German expressions uttered with gestures (literal expression with congruent
gesture; literal expression with incongruent gesture; metaphoric expression with
congruent gesture; and metaphoric expression with incongruent gesture). Those
expressions consisted of the following German sentences: (A) Diese Telefone sind
Handys; those telephones are mobile phones (literal expression with congruent
gesture); (B) Diese Werkzeuge sind Hämmer; those tools are hammers (literal
expression with incongruent gesture); (C) Diese Kämpfer sind Löwen; those warriors are lions (metaphoric expression with congruent gesture); (D) Diese Tugenden
sind Diamanten; those virtues are diamonds (metaphoric expression with incongruent gesture). An ocular ﬁxation cross (“+”) was displayed centered on the screen at
the beginning of each trial, followed by the presentation of the main stimulus in
a short video clip. Then the subject had to classify the stimulus by pressing either
button 1 (congruent) or button 2 (incongruent) with the right hand as soon as the
utterance was comprehended.

cate effectively in everyday life situations, corresponding to the
fourth level (B2) on the Common European Framework of Reference
for Languages. The ﬁnal sample consisted of 27 subjects (14 from
the G-High group and 13 from the G-Low group). All participants
signed a written consent form in agreement with the Declaration of
Helsinki after being given a complete description of the study. The
experiment was approved by the Ethics Committee of the Neuroscience Laboratory. All participants had normal or corrected vision
and hearing, and none of them had any personal history of neurological or psychiatric disease.
The aforementioned expression–gesture paradigm with 176
different video streams (44 clips for each expression–gesture
combination) was used in this study [11]. Half of the video
streams contained gestures that were congruent with the spoken
expressions (literal or metaphoric) and the other half contained
incongruent gestures. All expressions had the basic structure:
“Diese X sind Y” (Those X are Y). The participants’ task was to
watch the video clips and indicate whether they were congruent
(if the gesture and verbal expression conveyed the same meaning),
or incongruent (the gesture and verbal expression were unrelated).
The gesture strokes appeared in all clips immediately after the onset
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Fig. 2. ERPs of gesture congruency and type of expression. The ﬁgure shows waveforms for the four categories from ﬁve ROIs (left anterior, left posterior, Cz, right anterior
and right posterior). The arrows indicate an ROI and window that had signiﬁcant differences between categories. (A) G-Low participants. In this group no modulation in
the 300–500 ms window was observed, and only a modest effect was observed for the 500–700 ms window. Over the anterior left ROI, only the incongruent metaphorical
expression was signiﬁcantly different from the other categories in the latter time frame. (B) G-High participants. Note that Left Anterior N400 was the most relevant component
since it showed the biggest observed negativity, speciﬁcally for the metaphorical/incongruent condition. It also showed clear modulation for metaphorical expressions in
terms of congruency, while congruent expressions showed the same behavior whether they were metaphorical or literal.

of the ﬁnal word. However, the preparatory phase of the gestures
anticipated the corresponding verbal expression [11]. Fig. 1 shows
four examples of German expressions uttered with gestures: (a) a
literal expression with a congruent gesture; (b) a literal expression
with an incongruent gesture; (c) a metaphoric expression with a
congruent gesture; and (d) a metaphoric expression with an incongruent gesture). The task involved the classiﬁcation of the video
clips and began with a brief explanation of how each category
should be assigned to each response key (congruent or incongruent). After a brief practice (5 video clips), the trials were presented
pseudo-randomly (the sequence was counterbalanced, controlling
for not more than two trials of the same category based on the
type of gesture or type of word). Each trial began with a “+” at the
center of the screen for ocular ﬁxation (250 ms), followed by the
video stream (M = 5.4 ± 1.3) and subsequent classiﬁcation task. In
this task participants had to press key 1 or 2 (congruent or incongruent) with the right hand once they comprehended the utterance.
After the response, an interval of 1500 ms preceded the next trial.
There were no breaks during the task. More details about the experimental design can be found in the supplementary data.
The electrophysiological signals were recorded on-line using a
GES300, 129-channel system with HydroCel Sensors from Electrical Geodesic Inc. The ERP data was recorded with a 0.1–100 Hz
analog bandpass ﬁlter. A digital bandpass ﬁlter between 0.5 and
30 Hz was applied off-line to remove unwanted frequency components. The signals were sampled at 500 Hz. During the recordings,
the reference was set by default to vertex, but it was then rereferenced off-line to link the mastoids. All the epochs with eye
movement artifacts were removed from the data using automatic
and visual procedures before further analysis. The artifact-free
epochs were averaged to obtain the ERPs. The waveforms were
averaged separately for each experimental condition: (a) congruent gesture with literal expression; (b) congruent gesture
with metaphorical expression; (c) incongruent gesture with literal
expression; (d) incongruent gesture with metaphorical expression.
We triggered the onset of the stroke of the accompanying gesture [3,11,26]. The time frames when the gesture stroke occurred

were further analyzed in a frame-by-frame edition of the video
stream [11]. The EEG Lab Matlab toolbox and T-BESP software
(http://neuro.udp.cl/software) were used for EEG off-line processing and analysis.
Five regions of interest (ROIs) were used to represent and
analyze the scalp topography of the ERP components, as recommended for dense arrays based on the N400/LPC scalp topography
reported in previous studies [3,11]. Each ROI comprised six adjacent electrodes centered on the following sites: left anterior (LA,
over F3), right anterior (RA, over F4), central-midline (Cz, over Vertex), left posterior (LP, over P3) and right posterior (RP, over P4).
Two ERP windows (N400 window: 300–500 ms; and LPC window:
500–700 ms) were selected for all conditions. This time windows
analysis has been selected in following both previous reports of this
paradigm, in order to make the effects comparable. An additional
analysis of the mean amplitude around the peaks (280–430 ms for
N400; 430–580 ms for LPC) yielded the same effects as the current analysis (See supplementary data analysis, Section 2). For each
comparison, a repeated measures ANOVA was performed with the
following within-subject factors: (1) gesture (congruent vs. incongruent); (2) expression (literal vs. metaphoric); and (3) ROI (LA,
RA, CM, LP or RP). Unvaried comparisons were done when necessary. The results were corrected with the Greenhouse–Geisser
and Bonferroni methods to adjust the unvaried output of the
repeated-measures ANOVA for violations of the compound symmetry assumption.
For the 300–500 ms window, no main effect of gesture, expression or interaction between the factors was observed. Only an ROI
effect (F(4, 48) = 10.56, p < 0.01) was observed.
For the 500–700 ms window, Fig. 2A shows the grand average ERPs from all ROIs (LA, RA, Cz, LP and RP). No main effect of
gesture or expression was observed. An interaction between the
ROI, expression and gesture was obtained (F(4, 48) = 3.23, p = 0.01).
A small difference at the anterior left ROI was observed. Post
hoc comparisons performed on this last interaction (Tukey HSD
test; MS = 0.16, df = 48.000) revealed that in the anterior left ROI,
the incongruent metaphorical expression was signiﬁcantly dif-
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ferent from the congruent literal expression clip (p < 0.01), the
incongruent literal expression clip (p < 0.01), and the congruent
metaphorical expression clip (p < 0.01). No other relevant pair-wise
comparisons were statistically signiﬁcant.
For the 300–500 ms window, Fig. 2B shows the grand average
ERPs from all ROIs (LA, RA, Cz, LP and RP). The main differences
between the expression–gesture video clips can be observed in
a bipolar voltage pattern in the anterior left and posterior right
ROIs. The ANOVA revealed the signiﬁcant main effects for ROI
(F(4, 52) = 24.71, p < 0.01) and gesture (F(1, 13) = 19.23, p < 0.01).
In addition, an interaction between the gesture, expression and
ROI was obtained (F(4, 52) = 7.07, p < 0.01). In the anterior left
ROI, the incongruent metaphorical clip produced the greatest
ERP negativity (−2.87 ± 0.33 v), followed by the incongruent
literal clip (−0.79 ± 0.14 v), the congruent metaphorical clip
(−0.02 ± 0.13 v), and the congruent literal clip (0.43 ± 0.09 v).
The post hoc comparisons done on this last interaction (Tukey
HSD test; MS = 0.38, df = 52.000) showed that in the left anterior region, most of the categories were signiﬁcantly different
[metaphor congruent with respect to literal congruent (p < 0.5),
literal incongruent (p < 0.01) and metaphor congruent; as well
as literal congruent with respect to literal incongruent (p < 0.5)];
with the exception of the literal congruent category versus the
metaphorical congruent category (p = 0.90). In the posterior right
ROI, the incongruent metaphorical clip produced the greatest ERP
positivity (2.42 ± 0.33 v), followed by the incongruent literal clip
(1.74 ± 0.21 v), the congruent metaphorical clip (1.42 ± 0.21 v),
and the congruent literal clip (1.17 ± 0.23 v). This is consistent
with a bipolar inversion pattern. Post hoc comparisons (Tukey HSD
test; Bonferroni corrected, MS = 0.41, df = 52.000) yielded significant differences between metaphor incongruent category with
respect to literal congruent (p < 0.5) and metaphor congruent
(p < 0.05). No differences were obtained for the literal congruent
clip versus the metaphorical congruent clip comparison (p = 0.34),
and the congruent metaphorical clip versus the literal incongruent
clip comparison (p = 0.99). No signiﬁcant differences were observed
in this temporal window for the other ROIs.
For the 500–700 ms temporal window, a pattern similar to
that described above was observed. The ANOVA revealed a signiﬁcant main effect for the type of verbal expression (literal vs.
congruent; F(1, 13) = 10.93, p < 0.01) as well as for the ROI (F(4,
52) = 33.07, p < 0.01). In addition, an interaction between the type
of gesture, type of verbal expression, and ROI was observed (F(4,
52) = 10.33, p < 0.01). The post hoc comparisons of this interaction (Tukey HSD test; Bonferroni corrected, MS = 0.32, df = 52.000)
showed the same effect as previously reported in the left anterior region. Again, all the gesture–expression categories showed
signiﬁcant differences except for the literal congruent versus the
metaphorical comparison (p = 1.3). In the right posterior ROI, the
incongruent metaphorical clip induced signiﬁcantly greater ERP
positivity than the congruent metaphorical clip (p < 0.01), the
literal congruent clip (p < 0.01) and the literal incongruent clip
(p < 0.01). Signiﬁcant differences were not observed for the other
ROIs.
The results of our research suggest that gesture information
modulates the processing of ﬁgurative and literal language to
the similar extent in G-Low subjects as in G-High subjects. In
G-Low participants, no modulation in the 300–500 ms window
was observed, and only a modest effect was observed for the
500–700 ms window. Over the anterior left ROI, only the incongruent metaphorical expression was signiﬁcantly different from
the other categories in the latter time frame. This suggests that
G-Low participants only discriminated between the more contextual (metaphorical) and incongruent multimodal information.
More subtle differences of verbal expression were not processed in
this group.
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The 500–700 ms LPC effects from the G-High group strongly
resemble the same waveform modulation, as well as the scalp
and bipolar voltage pattern, reported previously for German native
speakers using the same study paradigm [11]. The greatest negativity was that of Left Anterior N400 component produced for
incongruent gestures with metaphorical expressions in our sample
of native German speakers. Metaphorical expressions were subject to the biggest N400 modulation in terms of congruence (e.g.,
N400 amplitude difference between congruent and incongruent
gestures) in the left at the same region, where literal expressions
showed a similar, but smaller, modulation. The literal/congruent
group did not show differences with metaphorical/congruent condition in any region. The same ﬁndings were present in the G-High
group.
These results demonstrate that highly proﬁcient L2 speakers
have neuronal responses that are similar in time and morphology to those of native speakers. This challenges the idea that
there are fundamental differences in language processing between
native speakers and advanced L2 speakers [21]. Our research conﬁrms that semantic stimuli signiﬁcantly affect ERP responses in
L2 speakers [7,19,25] and shows brain activation time delays in
L2 low proﬁciency participants [18]. Similar delays in processing
have been reported as a response to morphosyntactic anomalies
[24]. A decreased amplitude and delayed latency in other components have also been reported for low proﬁciency L2 speakers [21],
suggesting a weaker or slower mechanism in semantic processing when L2 learners are at the basic level. Overall, these results
suggest that semantic processing is robust from the beginning levels of L2 acquisition, although amplitude modulation and latency
might depend on the proﬁciency level. Our research shows that the
distinct pattern in semantic processing between G-Low versus GHigh participants is present even when complex stimuli (videos)
and highly abstract expressions (metaphors) are used.
The integration of visual and semantic clues requires multimodal processing based on meaningful actions [4,9]. Some studies
suggest that speech perception is enhanced when the observed
speaker performs gestures congruent in meaning to the verbal
expression [2]. In addition, other research has shown that visual
information (articulated gestures) presented with spoken language
increases the sound perception of L2 through multi-sensory integration [14]. Our results conﬁrm the neuronal integration of visual
cues and semantic processing in L2 learners.
Our research also corroborates earlier results of N400 and LPC
modulation by both incongruent [22] and congruent gestures [14]
presented with metaphorical or literal verbal expressions [3,11].
This adds further evidence of a neuronal interaction between the
auditory and visual inputs during semantic processing, showing
that a metaphor is a linguistic construction that is highly sensitive
to the context in which it is used, even for L2 speakers.
From the ERP extraction results, it is important to note that we
used gesture stroke onset time as a reference for time-locked component estimation. This allowed us to obtain relevant information
from a temporally dynamic process [3,11]. Since stimuli presentation lacks discrete transient visual events separated by time [22,27],
early visual components such as P1/N1 are reduced, but N400 and
LPC seem to be preserved [22,3]. An observed waveform ﬂatness
and bipolar voltage pattern (e.g., opposite effects at frontal and
posterior regions) have been previously reported in co-speech gesture video studies [3,11]. Since multimodal and complex stimuli
seem to elicit left frontal N400 effects as well as bipolar voltage
patterns [3,11], and multimodal integration of gestures and speech
increases activation in the left frontal language areas [15], an N400
component is expected to be present at frontal regions.
Our results conﬁrm prior research showing that co-gesture
ﬁgurative language is a highly contextualized part of semantic processing. To our knowledge, this is the ﬁrst study exploring the
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context sensitivity of gestures paired with verbal expressions using
video clips and ERPs in L2 speakers. Contextual information is crucial in acquiring L2 competence, as the domain of language involves
not only understanding literal components of speech, but also
ﬁgurative components in relation to their integration with other
sources of contextual paralinguistic information (i.e., gestures). Our
report shows that the level of L2 proﬁciency affects the neuronal
processing of semantic meaning constructed from the gesture type
(congruent or incongruent) and the type of expression (literal or
metaphoric). This paves a new path for studying the electrophysiological correlates of multimodal, paralinguistic cues and ﬁgurative
language in L2 learners.
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