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The present study examined the event-related potential (ERP) and time-frequency components correlates with
the comprehension process of multimodal metaphors that were represented by the combination of “a vehicle
picture + a written word of an animal”. Electroencephalogram data were recorded when participants decided
whether the metaphor using an animal word for the vehicle rendered by a picture was appropriate or not.
There were two conditions: appropriateness (e.g., sport utility vehicles + tiger) vs. inappropriateness (e.g.,
sport utility vehicles + cat). The ERP results showed that inappropriate metaphor elicited larger N300 (280–
360ms) andN400 (380–460ms) amplitude than appropriate one,whichwere different fromprevious exclusive-
ly verbal metaphor studies that rarely observed the N300 effect. A P600 (550–750 ms) was also observed and
larger in appropriate metaphor condition. Besides, the time-frequency principal component analysis revealed
that two independent theta activities indexed the separable processes (retrieval of semantic features and seman-
tic integration) underlying theN300 andN400. Delta bandwas also inducedwithin a later timewindow and best
characterized the integration process underlying P600. These results indicate the specific cognitivemechanism of
multimodal metaphor comprehension that is different from verbal metaphor processing, mirrored by several
separable processes indexed by ERP components and time-frequency components. The present study extends
themetaphor research by uncovering the functional roles of delta and theta as well as their unique contributions
to the ERP components during multimodal metaphor comprehension.
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1. Introduction

Metaphor is ubiquitous in our daily life, e.g., contained in a famous
poem, or an encouraging speech, or a brand's logo. Compared to direct
and literal claims, indirect metaphorical claims are often more impres-
sive. In the view of conceptual metaphor theory (CMT), metaphor is
more than amatter of language, but of thought and reason that involves
complex cognitive processes (Lakoff, 1993). The essence of metaphor is
the analogical mapping between two conceptual domains, from the
source domain to the target domain (Lakoff, 1993; Coulson and Van
Petten, 2002; Yang et al., 2013). This cross-domain mapping necessi-
tates selection of relevant attributes of source domain and filter of irrel-
evant ones (Gernsbacher and Robertson, 1999). Comprehensions of
metaphorical and literal expressions have been verified to involve the
similar cognitive mechanism, but the metaphor processing demands

more cognitive effort since the ambiguous and remote semantic rela-
tionship between source domain and target domain increases the se-
mantic integration difficulty (Coulson and Van Petten, 2002; Yang et
al., 2013). Following the CMT, Forceville suggested that verbal expres-
sion should not be the only external manifestation of conceptual meta-
phor, other non-verbal manifestations such as pictures, sounds,
gestures, and smells can also convey metaphorical meanings
(Forceville and Urios-Aparisi, 2009). Thus he extended the metaphor
as monomodal metaphor and multimodal metaphor. Monomodal met-
aphors are defined as metaphors whose target and source domains are
exclusively rendered in the same mode while multimodal metaphors
are defined as those in which the target domain and source domain
are manifested in different modes such as combinations of
image + speech, image + written text, image + sound,
image + sound + written text (Forceville, 2007; Ortiz, 2011). Even
though the existence of multimodal metaphor has been admitted,
most previous empirical studies regarding metaphor were carried out
with the use of linguistic stimuli (words or sentences) only. Extending
the studies of metaphor from the verbal form to full or partly (i.e., mul-
timodal) non-verbal form is important to understand themechanism of
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metaphor comprehension completely and apply it effectively to more
fields other than literature. Given the lack of experimental studies, the
cognitive mechanism underlying the multimodal metaphor processing
has not been clear yet. In present study,we intend to conduct an ERP ex-
periment to explore the cognitive process of multimodal metaphor
comprehension by using pictures and Chinese words to express con-
cepts of target domain and source domain respectively.

Event-related potentials (ERP) method has been used to provide a
high temporal resolution to uncover the time-course of cognitivemech-
anism underlyingmetaphor comprehension. TheN400, a negative com-
ponent of the ERPs occurring around 300–500ms after onset of stimuli,
has been observed in most metaphor studies (Pynte et al., 1996;
Coulson and Van Petten, 2002; Arzouan et al., 2007; Cornejo et al.,
2009; Ibáñez et al., 2011; Yang et al., 2013; Schneider et al., 2014).
N400 can index the semantic processing and is sensitive to semantic in-
congruence (Kutas and Hillyard, 1980; Pynte et al., 1996; Balconi and
Amenta, 2010; Kutas and Federmeier, 2011). An early metaphor study
compared the ERPs when participants were reading sentences with lit-
eral, literal mapping and metaphorical endings respectively, and found
that the N400 amplitude evoked by metaphorical condition was the
largest, by literalmapping condition the intermediate and by literal con-
dition the smallest (Coulson and Van Petten, 2002). This finding pro-
vides neural evidence for the argument that literal and metaphor
comprehensions have the same cognitive mechanism, but the concep-
tual integration in metaphor comprehension is more difficult. N400 is
also modulated by the familiarity of metaphorical expressions and
meaningfulness or relatedness of the sentences (Paivio, 1991; Arzouan
et al., 2007; Kutas and Federmeier, 2011; Schneider et al., 2014). For ex-
ample, novel metaphors elicit larger N400 compared to conventional
metaphors and literal expressions, whereas the unrelated ones elicit
the largest, indicating that unrelated stimuli have the highest semantic
incongruence and thus the most difficulty of semantic integration
(Arzouan et al., 2007; Schneider et al., 2014). N400 is not specific to ver-
bal stimuli, but also associated with semantic processing of many non-
verbal stimuli such as pictures, videos, actions and mathematical sym-
bols (see (Kutas and Federmeier, 2011) for review). For instance, the
last picture that was semantically incongruent with preceding picture
sequence conveying a story elicited a larger N400 than the semantically
congruent picture did (West and Holcomb, 2002). Likewise, the contex-
tually inappropriate movie endings also evoked a greater N400
(Sitnikova et al., 2008). In general, N400 amplitude can reflect the de-
tection of semantic incongruence regardless of modality of stimuli. An-
other ERP component that occurs during the non-verbal stimuli
(especially picture) processing is the N300 peaking at about 300 ms.
N300 used to be considered as a sub-potential of N400, and few atten-
tion was paid to it until McPherson and Holcomb (1999) found that
there were significant differences between N300 and N400 not only in
timewindow but also in topography with N300 distributingmore fron-
tally and N400 in posterior areas. They also found N400 was more sen-
sitive to semantic relatedness than N300. N300 has been considered as
an image-specific ERP potential and can represent the semantic pro-
cessing of pictures with the activation of image-based system
(Federmeier and Kutas, 2002; Hamm et al., 2002; West and Holcomb,
2002; Franklin et al., 2007). Generally, larger N300 amplitude is elicited
in semantically incongruent conditions such as between-category mis-
matches (Federmeier and Kutas, 2002; Hamm et al., 2002; Franklin et
al., 2007) and discourse-level mismatches (West and Holcomb, 2002).
A recentmetaphor study also found larger N300 occurred inmetaphor-
ical sentences processing than literal ones, which implies the contribu-
tion of image-based system to metaphor comprehension (Balconi and
Amenta, 2010).

Several neuroimaging studies have found the more activation of
brain during the metaphor processing in contrast to the literal and
meaningless stimuli (Bohrn et al., 2012; Forgács et al., 2012; Rapp et
al., 2012; Schneider et al., 2014), reflecting the recruitment ofmore cog-
nitive resources in comprehending metaphor. Right hemisphere is

considered to play a special role inmetaphor comprehension. According
to the coarse semantic coding theory, each stimulus will elicit a seman-
tic field referring to the information activated in response to the stimu-
lus, and left hemisphere is associated with the narrow semantic field
while the right hemisphere for the broad semantic field (Beeman and
Chiarello, 1998; Jung-Beeman, 2005; Forgács et al., 2012). Accordingly,
right hemisphere is activatedmore in novelmetaphor compared to con-
ventionalmetaphor and literal languages because of the broad semantic
relationship between concepts in novel metaphors (Stringaris et al.,
2006; Mashal et al., 2007; Mashal et al., 2009; Diaz et al., 2011). In con-
trast to predominantly right hemisphere involvement, some metaphor
studies also report bilateral hemispheric network (Coulson and Van
Petten, 2007; Rapp et al., 2007; Schmidt and Seger, 2009; Balconi and
Amenta, 2010) and meta-analyses indicate a predominantly left hemi-
sphere lateralized network (Bohrn et al., 2012; Rapp et al., 2012).
Schmidt and Seger (2009) suggested it is the factors including figura-
tiveness, familiarity and difficulty that determine different hemispheric
recruitment in semantic processing. Therefore, which hemisphere in-
volvement is not due to metaphor per se, that is to say, metaphor com-
prehension is supposed to benefit from both hemispheres.

Different frequency bands activity underlying ERP components can
index some separable cognitive processes that the ERP may not charac-
terize clearly. A recently proposed Time-Frequency PCA (TF-PCA) ap-
proach (Bernat et al., 2005) has been applied to effectively separate
activities in different frequency ranges that overlap in time and reveal
the relationships between several time-frequency components (e.g.,
delta, theta) and ERP components (e.g., ERN, N2, FN, P300, N400,
P600) in various tasks, for instance, Eriksen flanker task (Bernat et al.,
2005; Hall et al., 2007), go/no-go task (Harper et al., 2014), oddball
task (Bernat et al., 2007), gambling task (Bernat et al., 2011; Bernat et
al., 2015) and lexical decision task (Steele et al., 2013). The time-fre-
quency (TF) analysis method has been used in substantial studies re-
garding the language processing (Bastiaansen et al., 2002a, 2002b;
Hald et al., 2006; Davidson and Indefrey, 2007). Power changes in
theta frequency band are most often found sensitive to semantic viola-
tion. Generally, theta band activity increases more in response to se-
mantic or syntactic violations and mainly distributes in frontal areas
(Bastiaansen et al., 2002a, 2002b; Hald et al., 2006; Davidson and
Indefrey, 2007). As theta activity is related with the degree of working
memory load, larger activity of theta in the semantic violation condition
indicates more difficulty in semantic integration (Bastiaansen et al.,
2002a; Sauseng et al., 2010). A number of studies have also suggested
that theta activity can indicate the access to memory system to store
and retrieve semantic information during language processing
(Hagoort et al., 2004; Bastiaansen et al., 2005; Bastiaansen et al., 2008;
Maguire et al., 2010). For example, Bastiaansen et al. (2005) found in-
creased theta activity when processing open-class words (e.g., nouns,
verb) compared to closed-class words (e.g., conjunctions, prepositions),
suggesting retrieval of lexical-semantic properties of the open-class
words. Another study discovered that theta was involved in the retriev-
al of visual semantic properties or auditory semantic properties of a
word during lexical decision (Bastiaansen et al., 2008). Delta is another
TF component engaged in language processing (Carrus et al., 2011;
Giraud and Poeppel, 2012; Harmony, 2013;Mai et al., 2016). Two recent
studies have revealed the unique contribution of delta to the N400 and
P600 when processing sentences (Roehm et al., 2004; Bernat et al.,
2005). Roehm et al. (2004) found a theta (~3.5–7.5 Hz) activity
appearing in theN400 timewindow and a delta (1–3Hz) activity occur-
ringwithin the P600 timewindow during reading grammatical and un-
grammatical sentences, suggesting that the theta was associated with
the linguistic problem detection and the delta reflected the conflict res-
olution process. Another study applied the TF-PCA approachmentioned
above to decompose the ERP signal and successfully uncover the separa-
ble and sequential time-frequency components before, during and after
the N400 elicited by target words that were unrelated or inference-re-
lated to the preceding text (Steele et al., 2013). Specifically, a theta
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