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Novel metaphoric sentences have repeatedly evoked larger N400 amplitudes than literal sentences, while
investigations of the late positive complex (LPC) have brought inconsistent results, with reports of both
increased and reduced amplitudes. In two experiments, we examined novel metaphor comprehension in
Polish, using the same set of literal, novel metaphoric, and anomalous sentences. The first aim of the
study was to test whether novel metaphors would evoke larger or smaller late positivity complex
(LPC) amplitudes compared to literal and anomalous sentences. Some earlier studies have shown that
whether increased LPC amplitudes are observed or not may be related to the task participants are asked
to perform, with explicit acceptability judgments being more likely to evoke the LPC effect. The second
aim of the study was, thus, to test whether the observed LPC pattern would be the same across two tasks,
the semantic decision task (Experiment 1) and the reading task (Experiment 2). Our results replicated the
N400 effect observed in earlier studies on metaphor in both experiments. Most importantly, a reduction
in late positivity to novel metaphors relative to anomalous sentences was found in both experiments.
Additionally, this difference was broadly distributed over parietal sites in Experiment 1, and clearly
left-lateralized in Experiment 2, which might imply differences in the involvement of recollection and
semantic processes. Overall, these results seem to indicate that both conventionality and task demands
modulate the LPC pattern.

� 2017 Elsevier B.V. All rights reserved.
1. Introduction

Novel metaphors reflect the human drive to go beyond routine
in communication. Although the common association they evoke
might be with novels and poetry, they seem to play an important
role in everyday communication, by evoking interest, surprise,
and thus attracting our attention. Many theories of metaphor and
models of metaphor comprehension have pervaded the fields of
linguistics, philosophy and psychology, as scholars investigated
the linguistic and cognitive structure of metaphors, features that
make a metaphoric sentence plausible and apt, as well as processes
involved in metaphor comprehension. The latter will be the main
focus of the current paper. We will attempt to test the extent to
which processes involved in metaphor comprehension and
indexed by two event-related potential (ERP) components, i.e.,
the late positive complex (LPC) and the N400, are influenced by
stimulus related aspects such as novelty of the metaphoric sen-
tence, and task related aspects, such as potential differences
between a semantic decision and a reading task. Before specific
questions are raised, however, we will shortly outline previous
behavioral and ERP findings related to the current study.

One of the first models of metaphor comprehension, the stan-
dard pragmatic model (Grice, 1975), stipulated that the literal
meaning of a metaphoric utterance needs to be rejected before
the figurative meaning is selected. Contrary to these predictions,
authors of early behavioral studies on metaphor comprehension
argued that the stage of literal meaning rejection is not a necessary
step in arriving at non-literal meaning, by showing comparable
reaction times to metaphoric and literal sentences (Gibbs et al.,
1997; Inhoff et al., 1984; Janus and Bever, 1985; Onishi and
Murphy, 1993; Pynte et al., 1996). This was further corroborated
by results of studies that used the metaphor interference
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technique, in which participants are asked to classify three types of
statements (true class-inclusion statements, e.g., Some birds are
robins, false class-inclusion statements, e.g., Some birds are apples,
and metaphoric statements, e.g., Some jobs are jails) as either liter-
ally true or literally false. Several studies have shown that partici-
pants take more time to reject a metaphoric statement than a false
inclusion statement, and concluded that metaphoric meaning is
activated before literal meaning processing has been completed
(Glucksberg et al., 1982; Kazmerski et al., 2003; Wolff and
Gentner, 2000). It is, however, important to bear in mind that early
behavioral studies largely did not distinguish between different
levels of conventionality of the experimental sentences, while
results of recent research clearly show that conventionality
impacts comprehension. This is manifested in longer reaction
times and lower accuracy rates to novel metaphors as compared
to conventional metaphoric or literal sentences (Arzouan et al.,
2007a; Lai et al., 2009). Novel metaphors are frequently perceived
as somewhat meaningful, as their meaning has no representation
and needs to be constructed based on available semantic
information.

This impact of conventionality has also been noted in the pat-
tern of the N400 effect in research on metaphor comprehension.
The N400, a negative-going wave observed between 300 and 500
ms after critical stimulus onset, was initially observed in response
to semantic anomaly (Bentin et al., 1985; Kutas and Hillyard, 1984;
Rugg and Nagy, 1987). One of the widely confirmed results is that
novel metaphoric utterances evoke larger N400 amplitudes than
literal utterances (Arzouan et al., 2007a,b; Coulson and Van
Petten, 2002, 2007; De Grauwe et al., 2010; Goldstein et al.,
2012; Lai et al., 2009; Pynte et al., 1996; Tartter et al., 2002). This
increase in the N400 amplitude has been interpreted as reflecting
difficulty of conceptual retrieval and integration (Arzouan et al.,
2007a; Coulson and Van Petten, 2002; Goldstein et al., 2012), effort
related to the integration of the unrelated concepts leading to con-
ceptual expansion (Rutter et al., 2012), processing effort in lexical
access (Weiland et al., 2014), or the extent of inferences that can
be projected from one concept to another (Lai and Curran, 2013).
Overall, these interpretations seem in line with the view of the
N400 as reflecting the intersection between bottom-up processing
of a stimulus and top-down activity in semantic memory, the
result of which is an initial, flexible conceptual representation that
might, however, need refinement at later stages (Kutas and
Federmeier, 2011).

Interestingly, the N400 has shown sensitivity to the degree of
conventionality of a metaphoric utterance, with novel metaphors
(e.g., ripe dream) evoking somewhat larger N400 amplitudes than
conventional metaphors (e.g., transparent intention), and somewhat
smaller than anomalous utterances (e.g., indirect blanket) (Arzouan
et al., 2007a; Goldstein et al., 2012). This graded N400 effect with
similar latency, topography and morphology of the N400 compo-
nent seems to provide some evidence for the claim that the differ-
ence between figurative and literal language is quantitative rather
than qualitative, and stems frommore complex mapping processes
in the case of metaphoric than literal language, which is addition-
ally modulated by the novelty of the mapping.

One model that accounts for both quantitative differences
between literal and metaphoric language comprehension and the
effects of conventionality of the metaphoric utterances observed
in behavioral and electrophysiological studies is the Career of
Metaphor Model (Bowdle and Gentner, 2005). This account pro-
poses that metaphor is ‘‘a species of analogy” (Bowdle and
Gentner, 2005, p. 196), and, thus, comparison is the main mecha-
nism involved in novel metaphor comprehension. In the case of
conventional metaphors, the model proposes that comparison is
replaced by a faster and more automatic process of categorization
in the course of conventionalization.
Two recent ERP studies have lent strong support to the Career of
Metaphor Model. Lai and Curran (2013) used sentence-primes and
simile-primes preceding metaphoric and literal sentences, and
found that comparison induced by simile-primes facilitated map-
pings in novel metaphors producing reduced N400 amplitudes.
This finding suggests that comparison is necessary in understand-
ing novel metaphors. For conventional metaphors, the N400 prim-
ing effect was marginal, but it was significant in reaction times at
later stages of processing. Thus, the authors concluded that com-
parison is vital in novel metaphor comprehension, and can be facil-
itative at later stages in conventional metaphor processing.
Goldstein et al. (2012) asked their participants to explain half of
the novel and conventional metaphoric word dyads presented in
the exposure phase, followed by a test phase, in which participants
performed a semantic judgment task for all the word pairs. The
results showed that novel metaphoric word dyads that were
explained in the exposure phase evoked smaller N400 amplitudes
than those that were not explained, while conventional metapho-
ric word dyads that were explained in the exposure phase evoked
larger N400 amplitudes than those that were not explained. This
modulation of the N400 amplitudes by recent explanation was
interpreted as indicative of reactivation of mappings available for
conventional metaphors and sense retrieval for novel metaphors,
showing that the semantic representations of both novel and con-
ventional metaphors are dynamic and flexible.

These results clearly indicate that novel metaphor comprehen-
sion requires meaning construction rather than retrieval, which
points to the creative nature of novel metaphor. One ERP study
has recently compared the N400 responses to common and cre-
ative uses of objects and found a similar N400 effect to the one
reported in studies on metaphor comprehension, with larger
N400 amplitudes for creative than common uses (Kröger et al.,
2012). This similarity in results could be seen as a link between dif-
ferent instances of creative thinking, and shows that investigating
novel metaphor comprehension can bring us closer to understand-
ing some aspects of creative cognition.

Although the N400 pattern observed in studies on metaphor
comprehension seems to be quite consistent, it remains debatable
that a single component could index all aspects involved in the
comprehension of metaphoric sentences, as is evident from
research on the LPC and sentence processing (Steinhauer et al.,
2010). The LPC, known also as the P600, is a positive-going wave
with a peak between 600 and 800 ms after stimulus onset.
Although it was initially linked to the processing of syntactic
anomalies (Hagoort et al., 1993; Osterhout et al., 1994), as well
as to syntactic reanalysis (Friederici and Mecklinger, 1996), or syn-
tactic integration (Kaan et al., 2000), results of later studies
revealed its sensitivity to semantic anomalies, which gave rise to
research on the semantic P600 (for a review see Bornkessel-
Schlesewsky and Schlesewsky (2008)).

The P600 following the N400, also dubbed the biphasic N400-
P600, has been observed for sentences which involve non-
reversible semantic anomalies (van Herten et al., 2005). Brouwer
et al. (2012) interpreted this pattern as reflecting retrieval of lexi-
cal and semantic information from long term memory (the N400),
and the integration of this retrieved information into the mental
representation of the sentences (the P600). Within this view, novel
metaphors should evoke increased N400 amplitudes compared to
literal language, as the retrieval poses greater demands related to
meaning construction, and increased late positivity, as the integra-
tion of the retrieved information regarding two previously not
associated terms is more difficult than in the case of literal
language.

Results concerning the LPC in response to metaphoric sentences
are, however, far from consistent. First, several studies on meta-
phor comprehension that reported the N400 effect did not examine
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the LPC time window. Furthermore, of those that did, some showed
the expected biphasic pattern with increased N400 and LPC ampli-
tudes to metaphoric sentences (Coulson and Van Petten, 2002; De
Grauwe et al., 2010; Weiland et al., 2014), while others revealed
the opposite pattern, with increased N400 but reduced LPC ampli-
tudes to novel metaphors relative to literal and anomalous utter-
ances (Arzouan et al., 2007a; Goldstein et al., 2012). Aspects such
as task type (including semantic judgment tasks, reading tasks,
or delayed response procedures) or stimulus selection criteria
(with levels of meaningfulness, metaphoricity, familiarity and
cloze probability controlled to various degrees) may have con-
tributed to those inconsistencies (De Grauwe et al., 2010;
Kuperberg, 2007). Below we discuss specific implications arising
from these methodological differences.

The semantic decision task and the reading task have been most
widely used in ERP studies on metaphor comprehension. In the
semantic decision task, participants are asked to decide whether
a sentence makes sense or not. This task was used in studies
reported by Arzouan et al. (2007a) (Experiment 1 and 3), and
Goldstein et al. (2012), which revealed a reduced LPC to novel
metaphors, and by De Grauwe et al. (2010), who observed an
increased LPC to conventional metaphors. In the reading task, par-
ticipants are asked to read the sentences presented on the com-
puter screen. This task was used by Arzouan et al. (2007a)
(Experiment 2) and Coulson and Van Petten (2002, 2007). Addi-
tionally, in some studies (Coulson et al., 2002, 2007), participants
were asked to answer follow-up true-false comprehension ques-
tions. The use of the reading tasks has also resulted in inconsistent
findings, with increased (Coulson and Van Petten, 2002) and
reduced (Arzouan et al., 2007a; Coulson et al., 2007) LPC ampli-
tudes to metaphoric sentences. Overall, the semantic decision task
and the reading task have revealed both patterns of the LPC effect,
with smaller and larger amplitudes to metaphors than literal and
anomalous utterances.

Another factor that might be crucial for the LPC findings is the
extent to which conventionality was manipulated and controlled
in the process of material selection. While Arzouan et al. (2007a)
and Goldstein et al. (2012) employed both conventional and novel
metaphoric word dyads, De Grauwe et al. (2010) tested exclusively
conventional metaphors, Weiland et al. (2014) employed meta-
phors that were neither familiar nor unfamiliar, and Coulson and
Van Petten (2002, 2007) did not directly refer to normative studies
on familiarity or conventionality. Overall, results of studies in
which novel metaphors were pretested on familiarity rating scales
showed decreased LPC to novel metaphors compared to literal or
conventional metaphoric utterances.

As the above discussion demonstrates, it remains difficult to
account for the inconsistencies in LPC results in terms of task
demands or novelty of metaphoric sentences, but novelty of the
metaphoric meaning seems to modulate the LPC amplitudes in a
more consistent manner. At the same time, the influence of task
demands is not reflected in a clear LPC pattern. For these reasons,
we designed a study in which we used the same set of novel meta-
phoric, literal, and anomalous sentences, for which the critical
word was the same across the three conditions. For these sen-
tences, we examined the ERP responses in the semantic decision
task and the reading task. This design allowed us to tap into the
differences in the LPC response between the two tasks, while the
differences arising from possible stimulus characteristics were
minimized. We expected that the results would provide support
for one of the two interpretations of the LPC effect proposed in
studies on metaphor comprehension, which we present below.

First, authors who have reported increased late positivity fol-
lowing metaphoric sentences interpreted it as indexing recovery
and integration of additional material from semantic memory
(Coulson and Van Petten, 2002), enhanced costs due to pragmati-
cally or inferentially driven mapping processes involving two unre-
lated domains (Weiland et al., 2014), or selection of the metaphoric
and suppression of the literal meaning (De Grauwe et al., 2010). In
line with the discussion presented by Brouwer et al. (2012), we
would argue here for a more parsimonious interpretation that
associates an increase in LPC amplitudes with greater effort related
to the integration of semantic information retrieved within the
N400 time window with the preceding context. In line with
research on recognition memory (Paller and Kutas, 1992), it could
also index recollection of the entire sentence, which might be more
demanding in the case of novel metaphors due low familiarity.

On the other hand, attenuated LPC amplitudes to metaphors
were observed in the studies reported by Arzouan et al. (2007a)
and Goldstein et al. (2012), but only in response to novel and not
conventional metaphoric word pairs. Such reduced LPC amplitudes
remain difficult to account for within the interpretation of the LPC
as reflecting semantic integration, as novel metaphors would be
expected to require more integration than literal sentences and,
consequently, should evoke increased LPC amplitudes. One possi-
ble explanation postulated by Arzouan et al. (2007a) and
Goldstein et al. (2012) is that an overlapping negativity attenuates
late positivity amplitudes in the case of novel metaphoric utter-
ances, and might be indicative of access to the non-literal route
in the course of novel metaphor comprehension (Arzouan et al.,
2007a, Goldstein et al., 2012). Following this interpretation, we
would argue that novel metaphors require prolonged retrieval of
information from long term memory (possibly related to access
to the non-literal route) and mapping between two semantically
distant concepts, that is initiated within the N400 time window
and later overlaps with the LPC time window. Such overlapping
sustained negativity is then reflected in a reduced LPC amplitude
to novel metaphors.

This interpretation could be partly supported by a recent study
that found sustained negativity between 500 and 900 ms after crit-
ical word onset in response to novel metaphors (Rutter et al.,
2012). The design of the study differed from other studies on meta-
phor in several aspects. Neither the semantic decision nor the read-
ing task was used. Instead, participants were asked to decide
whether or not a sentence was unusual (question 1) and appropri-
ate (question 2). Also, a delayed response procedure was used.
Although sustained negativity was interpreted as reflecting ongo-
ing difficulty in integrating sentence meaning, it could also be
related to high demands on working memory (Steinhauer and
Drury, 2012; Steinhauer et al., 2010), which in this paradigm could
have been triggered by the need to maintain the activated informa-
tion in memory due to the delayed response procedure, and by task
complexity. This interpretation could further be supported by the
fact that sustained negativity was associated with all sentence
types (literal, metaphoric and anomalous), with amplitude differ-
ences consistent with the N400 pattern.

In the current study, we aimed to test whether increased
semantic integration (increased LPC amplitudes) or overlapping
sustained negativity associated with access to non-literal meaning
or continued difficulty in the mapping process (reduced LPC)
would be associated with novel metaphor comprehension. Fur-
thermore, we planned to investigate whether the obtained LPC
effect would be present regardless of the task the participants were
asked to perform. Additionally, we predicted that the N400 effect
would be replicated, with novel metaphors evoking larger N400
amplitudes than literal, and smaller than anomalous sentences.
Since this effect has been found in several earlier studies that used
different task procedures, we expected that it would be present in
both experiments.

To these aims, we designed two experiments with the semantic
decision task (Experiment 1) and the reading task (Experiment 2).
To ensure that the sentences in Experiment 2 were read for com-



Table 1
Means (M) and standard errors (SE) for reaction times and proportion of correct
responses to literal, novel metaphoric, and anomalous sentences (Experiment 1).

Reaction times (ms)
(M and SE)

Proportion of correct
responses (M and SE)

Novel metaphoric
sentences

1106 (45) 46 (0.022)

Literal sentences 939 (37) 89 (0.025)
Anomalous

sentences
892 (34) 94 (0.03)
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prehension, we used yes-or-no comprehension questions on 30% of
the trials. The same set of materials including novel metaphoric,
literal and anomalous sentences was used in both experiments in
order to minimize differences in results that might arise from the
different degrees of meaningfulness, familiarity, metaphoricity
and cloze probabilities in the experimental sentences. Unlike the
materials used in the studies by Arzouan et al. (2007a,b) and
Goldstein et al. (2012), who used semantically related, unrelated,
conventional and novel metaphoric two-word expressions, our
stimuli included novel metaphoric, literal, and anomalous sen-
tences. Lai et al. (2009) also used sentences, but the critical words
included in their study were verbs, adjectives, and nouns, while
our critical words were nouns. Finally, unlike De Grauwe et al.
(2010), we did not use nominal (A is B) metaphors. Instead, our
critical nouns were preceded by nouns, verbs, or adjectives. Simi-
larly to all of the studies mentioned above (with the exception of
Experiment 1 in De Grauwe et al. (2010)), the ERPs were time-
locked to the sentence-final word.
2. Results

2.1. Experiment 1

2.1.1. Behavioral results
Two ANOVAs with sentence type as a factor were conducted on

the reaction times and the proportion of correct responses
recorded in Experiment 1 (Table 1). The analysis of reaction times
revealed a main effect of sentence type [F(2,58) = 41, p < .001, Np2 =
0.58]. Bonferroni corrected pairwise comparisons showed that
novel metaphoric sentences evoked the longest reaction times
and differed significantly from literal [p < .01] and anomalous sen-
tences [p < .01], but no difference was observed between the
anomalous and literal sentences [p > .05]. The analysis of accuracy
rates also showed a significant effect of sentence type [F(2,58) =
143, p < . 0001, Np2 = 0.83]. Bonferroni corrected pairwise compar-
isons showed that novel metaphoric sentences differed signifi-
cantly from literal [p < .01] and anomalous sentences [p < .01],
and that literal sentences differed from anomalous sentences [p
< .05], which were the easiest to evaluate.
1 We performed additional analyses on literal sentences evaluated as meaningful,
novel metaphoric sentences evaluated as meaningful (nMET_meaningful), novel
metaphoric sentences evaluated as meaningless (nMET_meaningless), and anomalous
sentences evaluated as meaningless. We found no differences between nMET_mean-
ingful and nMET_meaningless, as well as between nMET_meaningful and literal or
anomalous, or between nMET_meaningless and anomalous [ps > .7]. The only trend
we have found was for the difference between nMET_meaningless and literal
sentences [p = .07]. Future research is needed to look closer into differences in the
ERPs depending on whether novel metaphors are perceived as meaningful or
meaningless, with possibly many more trials within all conditions. This is particularly
important for novel metaphors, which are less frequently evaluated as meaningful
than literal utterances.
2.1.2. EEG results
2.1.2.1. N400. The results of the anterior-posterior axis x laterality
x sentence type ANOVA in the time window between 300 and 500
ms revealed a main effect of sentence type [F(2,58) = 6.10, p < .01,
Np2 = 0.17]. Literal sentences elicited the smallest (M = 0.42, SE =
0.14), anomalous sentences the largest (M = 0.04, SE = 0.16), and
novel metaphors intermediate (M = 0.14, SE = 0.15) N400 ampli-
tudes. One-tailed t-tests showed that amplitudes for literal sen-
tences differed significantly from anomalous [p < .01], and novel
metaphoric sentences [p < .01], but no difference was observed
between anomalous and novel metaphoric utterances [p > .05]
(uncorrected, for reasons explicated in Section 4.4. on p. 33). How-
ever, the N400 revealed a linear effect [F(1,29) = 9.86, p < .01, Np2 =
0.25], with amplitudes for novel metaphoric sentences falling in
between those for literal and anomalous utterances.

An interaction between the anterior-posterior axis and sentence
type was also observed [F(4,116) = 3.56, p < .05, Np2 = 0.11]. To
deconstruct this interaction, we performed separate analyses for
frontal, central, and parietal sites. As visible in the grand average
ERPs (Fig. 1) and the difference wave maps (Fig. 2, upper panel),
the largest difference was observed between the anomalous and
literal condition, and a somewhat smaller difference between the
anomalous and novel metaphoric condition over central and pari-
etal sites. Statistical tests confirmed this observation, with the
effect of sentence type being most pronounced over central sites
[F(2,58) = 9.88, p < .001, Np2 = 0.25]. One-tailed t-tests revealed that
anomalous sentences (M = �0.73, SE = 0.25) evoked larger negativ-
ity than literal sentences (M = �0.07, SE = 0.19) [p = .001], and
novel metaphoric sentences (M = �0.46, SE = 0.21) [p = .05] (uncor-
rected). The difference between literal and novel metaphoric sen-
tences was also significant over the central sites [p < .01]
(uncorrected). Moreover, a linear effect was observed [F(1,29) = 1
7.91, p < .001, Np2 = 0.38].

A similar though somewhat smaller effect of sentence type was
found over parietal sites [F(2,58) = 4.81, p = .01, Np2 = 0.14]. One-
tailed t-tests revealed that anomalous sentences (M = �0.33, SE =
0.26) evoked larger negativity than literal sentences (M = 0.29, SE
= 0.29) [p < .01] and novel metaphoric sentences (M = 0.21, SE =
0.21) [p < .01], while no difference was observed between literal
and novel metaphoric utterances [p > .05] (uncorrected). No effect
of sentence type [p > .05] was observed over frontal sites.1
2.1.2.2. LPC. For the LPC time window (500–800 ms), the anterior-
posterior axis � laterality � sentence type ANOVA revealed a sig-
nificant anterior-posterior � laterality � sentence type interaction
[F(8, 232) = 2.14, p < .05, Np2 = 0.07], and a significant anterior-
posterior x sentence type interaction [F(4, 116) = 7.33, p = .001,
Np2 = 0.20]. To deconstruct these interactions, we performed sepa-
rate analyses for frontal, central, and parietal sites.

An ANOVA on amplitudes recorded over frontal sites revealed a
laterality x sentence type interaction [F(4,116) = 3.27, p < .01, Np2 =
0.10]. Follow-up analyses over Fz showed a main effect of sentence
type [F(2,58) = 4.28, p < .05, Np2 = 0.13]. Bonferroni corrected pair-
wise comparisons revealed that novel metaphoric sentences (M =
2.32, SE = 0.33) evoked larger LPC amplitudes than anomalous sen-
tences (M = 1.36, SE = 0.35) [p < .01], but did not differ from literal
sentences (M = 1.97, SE = 0.39) [p > .05]. Amplitudes for literal sen-
tences did not differ from those for anomalous sentences [p > .05].
However, a linear effect was observed [F(1,29) = 11.15, p < .01, Np2 =
0.28]. A similar pattern was found over F4, [F(2,58) = 5.52, p < .01,
Np2 = 0.16], with novel metaphoric sentences (M = 1.16, SE = 0.29)
evoking larger positivity than anomalous sentences (M = 0.17, SE
= 0.32) [p < .01]. Here, again, no differences between literal (M =
0.95, SE = 0.33) and anomalous [p > .05], or literal and novel meta-
phoric utterances [p > .05] were observed, but a linear effect was
found [F(1,29) = 11.88, p < .01, Np2 = 0.29]. No main effect of sen-
tence type was found over F3 [F(1,29) = 2.10, p > .10, Np2 = 0.07].



Fig. 1. Grand average ERPs for anomalous (solid lines), literal (dotted lines), and novel metaphoric sentences (dashed lines) in Experiment 1 (the semantic decision task).
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A somewhat different pattern emerged from the analyses over
parietal sites, where a main effect of sentence type was found [F(
2,58) = 9.34, p < .01, Np2 = 0.24], with novel metaphoric sentences
evoking reduced LPC amplitudes (M = �0.05, SE = 0.25) relative to
anomalous sentences (M = 1.03, SE = 0.25) [p = .001]. Literal sen-
tences evoked intermediate amplitudes (M = 0.60, SE = 0.27) and
differed from novel metaphoric [p = .01] but not anomalous sen-
tences [p > .05]. Here again, a linear effect was found [F(1,29) = 1
5.79, p < .001, Np2 = 0.35]. Over the central sites, only a main effect
of utterance type was observed [F(2,58) = 3.45, p < .05, Np2 = 0.11],
however pairwise comparisons did not reveal differences between
the three sentence types. To further test whether the difference
between anomalous and novel metaphoric sentences had a broad
parietal distribution, as visible in difference wave maps in Fig. 3
(upper panel), separate analyses on P3, Pz, and P4 were conducted.
They revealed the same pattern over all three electrodes, with
reduced LPC amplitudes for novel metaphoric relative to anoma-
lous sentences [ps < .01]. Literal sentences evoked larger LPC
amplitudes than novel metaphoric sentences over Pz [p < .01], P4
[p < .05], but not P3 [p > .05]. Also, amplitudes for anomalous and
literal sentences did not differ over any of the electrodes [p >
.05]. The grand average ERPs for the three sentence types are
depicted in Fig. 1.
2.2. Experiment 2

2.2.1. Behavioral results
In Experiment 2, comprehension questions were presented on

30% of the trials to check whether participants were actively read-
ing and comprehending the sentences. The analysis of the propor-
tion of correct responses revealed that participants gave 91% of
correct responses (M = 91, SD = 7), which means that the sentences
were read attentively.

2.2.2. EEG results
2.2.2.1. N400. The results of the anterior-posterior axis x laterality
x sentence type ANOVA between 300 and 500 ms revealed only a
main effect of sentence type [F(2,44) = 4.09, p < .05, Np2 = 0.16],
and no interactions with sentence type [ps > .10]. As visible in
the grand average ERPs (Fig. 4) and the difference wave maps
(Fig. 2, lower panel), literal sentences (M = 0.38, SE = 0.12) elicited
smaller N400 amplitudes than anomalous sentences (M = �0.01,
SE = 0.16) [p < .01], and novel metaphoric sentences (M = 0.03, SE
= 0.15) [p < .05]. The difference between novel metaphoric and
anomalous sentences did not reach significance [p > .05]. Like in
Experiment 1, a linear effect showed a graded pattern in the
recorded amplitudes [F(1,22) = 6.84, p < .05, Np2 = 0.24].



Fig. 2. Difference wave maps showing the N400 effect (300–500 ms) by subtracting the literal sentence condition (LIT) from the novel metaphoric sentence condition (nMET),
the literal sentence condition (LIT) from the anomalous sentence condition (ANO), and the novel metaphoric sentence condition (nMET) from the anomalous sentence
condition (ANO) in Experiment 1 (the semantic decision task) and Experiment 2 (the reading task).
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2.2.2.2. LPC. In the LPC time window, the anterior-posterior axis �
laterality � sentence type ANOVA revealed a laterality x sentence
type interaction [F(4,88) = 4.44, p = .01, Np2 = 0.17]. Follow-up ANO-
VAs over left, midline and right sites were performed to decon-
struct this interaction. Only the analysis over left sites revealed a
main effect of sentence type [F(2,44) = 7.85, p = .001, Np2 = 0.26].
Bonferroni corrected pairwise comparisons revealed that anoma-
lous sentences (M = 1.19, SE = 0.22) evoked significantly larger pos-
itivity than metaphoric sentences (M = 0.67, SE = 0.19) [p = .001].
Amplitudes for literal sentences appeared smaller than for anoma-
lous sentences (M = 0.82, SE = 0.22), but this difference was only
marginally significant [p = .08]. No significant difference was
observed between the literal and novel metaphoric sentences,
but a significant linear effect was found [F(1,22) = 18.87, p < .001,
Np2 = 0.46].

To further test whether the difference between anomalous and
novel metaphoric sentences had a broad left distribution, separate
analyses on F3, C3, and P3 were conducted. As visible in the differ-
ence wave maps in Fig. 3 (lower panel), the difference was absent
over the frontal sites. Statistical tests confirmed this observation,
with no main effect of sentence type over F3 [F(2,44) = 0.16, p >
.70, Np2 = 0.01]. Over C3 and P3, both a main effect ([F(2,44) = 6.60,
p < .01, Np2 = 0.23], [F(2,44) = 6.35, p < .01, Np2 = 0.22], respectively),
and a difference between anomalous and novel metaphoric sen-
tences [ps < .01] were observed. LPC amplitudes for literal sen-
tences recorded over C3 and P3 did not differ from those for
novel metaphoric and anomalous sentence [ps > .05].

No main effect of sentence type was observed over the midline
[F(2,44) = 1.74, p > .10, Np2 = 0.07] or right sites [F(2,44) = 0.78, p >
.10, Np2 = 0.03]. The grand average ERPs for the three sentence types
in the LPC time window are displayed in Fig. 4.

Overall, the analyses revealed a graded N400 effect in both
experiments. Although the difference wave maps for Experiment
1 might suggest that the difference between literal and novel
metaphoric sentences had a frontal distribution, statistical tests
did not confirm this observation. Moreover, LPC amplitudes for
novel metaphoric sentences were reduced relative to those for
anomalous sentences over parietal sites in both experiments.
While this effect was clearly left-lateralized in Experiment 2, it pre-
sented a more broad parietal distribution Experiment 1. This differ-
ence will be further elucidated in analyses on rescaled data
presented below.
2.3. Comparison of Experiment 1 and Experiment 2

To investigate potential topographical differences between the
N400 and LPC effects observed in Experiment 1 and Experiment
2, we conducted analyses in which these effects were directly com-
pared. Since topographical differences might stem from overall



Fig. 3. Difference wave maps showing the LPC effect (500–800 ms) by subtracting the literal sentence condition (LIT) from the novel metaphoric sentence condition (nMET),
the literal sentence condition (LIT) from the anomalous sentence condition (ANO), and the novel metaphoric sentence condition (nMET) from the anomalous sentence
condition (ANO) in Experiment 1 (the semantic decision task) and Experiment 2 (the reading task).
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amplitude differences, we employed a rescaling procedure (see
Section 4.4.).

2.3.1. N400
An anterior-posterior � laterality � experiment ANOVA on

rescaled difference waves revealed no interactions involving the
factor experiment [ps > 0.05].

2.3.2. LPC
The anterior-posterior � laterality � experiment ANOVA on

rescaled data for the metaphor-literal difference waves revealed
no interactions involving the factor experiment. We only observed
a main effect of the anterior-posterior axis [F(2,102) = 5.40, p < .01,
Np2 = 0.10], which indicated that the literal-metaphor difference
was largest above parietal (M = 0.11, SE = 0.03), followed by central
(M = 0.08, SE = 0.03), and smallest over frontal sites (M = �0.06,
SE = 0.05).

The anterior-posterior � laterality � experiment ANOVA on
rescaled data for the anomaly-metaphor difference waves
revealed an anterior-posterior� laterality� experiment interaction
[F(4,204) = 2.66, p < .05, Np2 = 0.05]. A main effect of anterior-
posterior axis [F(2,102) = 8.65, p < .01, Np2 = 0.15], and a main effect
of laterality [F(2,102) = 5.10, p < .01, Np2 = 0.09] were also observed.

To elucidate the interaction, separate analyses for each experi-
ment were conducted on the rescaled data. The anterior-poster
ior � laterality ANOVA for Experiment 1 revealed a main effect of
the anterior-posterior axis [F(2,58) = 13.13, p < .001, Np2 = 0.31].
The anomaly-metaphor difference was largest over parietal sites
(M = 0.20, SE = 0.05), followed by frontal sites (M = �0.13, SE =
0.05), and smallest over central sites (M = 0.09, SE = 0.04). The dif-
ference over frontal sites was inverted relative to the posterior
sites, which confirms the findings observed in the analysis on
unscaled average amplitudes in Experiment 1. Moreover, an inter-
action between the anterior-posterior axis and laterality was found
[F(4,116) = 3.10, p < .05, Np2 = 0.10], with the largest anomaly-
metaphor difference observed over the Pz (M = 0.24, SE = 0.06), fol-
lowed by P4 (M = 0.18, SE = 0.05), and P3 electrode (M = 0.17, SE =
0.06). The anterior-posterior x laterality ANOVA for Experiment 2
revealed a main effect of laterality [F(2,44) = 6.08, p < .01, Np2 =
0.22]. The anomaly-metaphor difference was largest over left sites
(M = 0.15, SE = 0.04), followed by midline sites (M = 0.07, SE = 0.05),
and smallest over right sites (M = �0.05, SE = 0.04).

The anterior-posterior x laterality x experiment ANOVA on
rescaled data for the anomaly-literal difference waves revealed
no interactions with experiment as a factor. A main effect of
anterior-posterior axis [F(2,102) = 4.37, p < .05, Np2 = 0.08], and a
main effect of laterality were observed [F(2,102) = 7.00, p < .01,
Np2 = 0.12]. The main effect of anterior-posterior axis indicated that
the anomaly-literal difference was largest above parietal (M = 0.09,
SE = 0.04), followed by frontal (M = �0.06, SE = 0.04), and smallest



Fig. 4. Grand average ERPs for anomalous (solid lines), literal (dotted lines), and novel metaphoric sentences (dashed lines) in Experiment 2 (the reading task).
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over central sites (M = �0.01, SE = 0.03). The main effect of lateral-
ity indicated that the anomaly-literal difference was largest above
left (M = 0.08, SE = 0.03), followed by right (M = �0.05, SE = 0.03),
and smallest over midline sites (M = �0.0004, SE = 0.03).

3. Discussion

In the current study, novel metaphoric, literal, and anomalous
sentences were used to investigate the processes involved in novel
metaphor comprehension. The main aim was to test whether novel
metaphors would elicit increased or reduced LPC amplitudes com-
pared to the remaining sentence types, and whether this pattern
would be observed in both the semantic decision and the reading
task. The secondary aim was to examine whether the N400 effect
could be replicated in both tasks. The same set of sentences was
used in both experiments to ensure that the observed differences
would not stem from differences in the degrees of metaphoricity,
meaningfulness, familiarity, or cloze probabilities of the experi-
mental sentences.

The analysis of the N400 time window corroborated previous
findings regarding the N400 effect in both experiments, with ampli-
tudes for novel metaphoric sentences falling in between those for
literal and anomalous sentences. Although the effect was some-
what less pronounced in Experiment 2 (where amplitudes for novel
metaphoric and anomalous sentences did not differ), the direction
of the effect was the same in both experiments, as confirmed by sig-
nificant linear effects. Although inspection of difference wave maps
suggested a topographical difference between the two experiments,
with novel metaphors evoking larger negativity than literal sen-
tences over frontal sites in the semantic decision task and over
centro-parietal sites in the reading task, analyses on rescaled data
did not corroborate these observations.

Overall, the N400 effect observed in the current study remains
in line with previous findings, and can be interpreted as an index
of increased activation in semantic memory related to the diffi-
culty of the mappings required for the comprehension of novel
metaphors as compared to literal sentences, and of anomalous as
compared to novel metaphoric utterances. The comparable latency
and topography observed for all conditions is also in line with pre-
vious studies that employed novel metaphors, and might indicate
that the difference between literal and novel metaphoric language
is quantitative rather than qualitative. This may lend some support
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for the Career of Metaphor Model (Bowdle and Gentner, 2005),
which predicts that mappings underlying novel metaphor compre-
hension require aligning information from semantically more dis-
tant concepts than in the case of literal language, which implies
more activity in semantic memory. It is crucial to note, however,
that any definite conclusions in favor of this or other models of
metaphor comprehension fall outside the scope of the current
study.

The analysis of the LPC time window revealed a more complex
pattern of results. Contrary to some earlier studies (Coulson and
Van Petten, 2002; De Grauwe et al., 2010; Weiland et al., 2014),
a reduction in positivity for novel metaphoric sentences as com-
pared to anomalous and literal sentences was observed in Experi-
ment 1. These findings are in accordance with two previous reports
that made a clear distinction between novel and conventional
metaphoric sentences in the experimental materials (Arzouan
et al., 2007a; Goldstein et al., 2012). Studies that reported
increased late positivity investigated familiar metaphors (De
Grauwe et al., 2010), metaphors that were evaluated as neither
familiar nor unfamiliar in the normative studies preceding the
EEG experiments (Weiland et al., 2014), or metaphors that were
not explicitly pretested on familiarity or conventionality scales
(Coulson and Van Petten, 2002). Thus, a major conclusion stem-
ming from the current findings is that conventionality modulates
not only the N400, but also the LPC effect.

The reduction in the LPC amplitudes in response to novel meta-
phoric sentences remainsdifficult to interpret in light of current the-
ories of the LPC, which postulate that an increase in its amplitude
indicates increased secondary semantic integrationdemands. In line
with this interpretation, novel metaphors should evoke larger LPC
amplitudes than literal sentences. In line with what Arzouan et al.
(2007a) proposed, we interpret this result as reflecting late negativ-
ity overlapping with the LPC, thus reducing its amplitude. Further
evidence in favor of this interpretation can be found in the study
reported by Rutter et al. (2012), who observed sustained negativity
between 500 and 900 ms after critical word onset for novel meta-
phoric sentences as compared to literal sentences. This negativity
followed the N400 effect, in which literal sentences evoked the
smallest, anomalous sentences the largest and novel metaphors
intermediate N400 amplitudes. Interestingly, in the later time win-
dow, the sustained negativity effect mimicked the N400 effect
(anomalous sentences evoked the most negative amplitudes). This
pattern, though,might have been linked to increasedworkingmem-
ory demands due to a delayed response procedure, or to task com-
plexity (participants were asked to decide whether or not a
sentence was unusual (question 1) and appropriate (question 2)).

Task complexity might potentially be related to our findings in
that the semantic decision task employed in Experiment 1 might
have posed more difficulty in the case of novel metaphors (some-
what meaningful) than literal and anomalous sentences (clearly
meaningful/meaningless). The meaningfulness ratings obtained in
the normative studies seem to reflect this pattern. They showed
that novel metaphoric sentences fell in between literal and anoma-
lous sentences on a 5 point rating scale. Since the binary decision
task employed in the EEG experiment did not include the middle
option (somewhat meaningful), the decision might have been par-
ticularly taxing for novel metaphoric sentences. This argument can
be supported by significantly longer reaction times and lower
accuracy rates for novel metaphoric sentences compared to literal
and anomalous sentences in the behavioral results. However, task
demands cannot account for the reduction of the LCP amplitudes
observed for novel metaphors in the reading task (Experiment 2).

Negativity overlapping with the LPC might be associated with
higher working memory demands (Steinhauer et al., 2010) and
might index sustained activity in memory needed to perform the
mapping process when comprehending a somewhat meaningful
sentence, that is a novel metaphor. In the case of anomalous sen-
tences, increased LPC amplitudes might reflect processes engaged
in memory retrieval (Paller and Kutas, 1992), in that the recollec-
tion of the entire sentence includes the retrieval of the anomaly,
which might constitute additional information when compared
to the recollection of a literal sentence. Literal sentences, at last,
evoked intermediate LPC amplitudes. This effect might be due to
the fact that recollection is less demanding in the case of literal rel-
ative to anomalous sentences, and at the same time does not
require the novel mapping, which might underlie reduced ampli-
tudes for novel metaphoric utterances.

Another important finding of the current study is that while the
difference between the anomalous and novel metaphoric sen-
tences in the LPC amplitudes in the semantic decision task pre-
sented a broad parietal distribution, it was left-lateralized in the
reading task. Interestingly, this left-lateralized effect in the reading
task resembles the old/new effect observed in recognition memory
studies (Stró _zak et al., 2016a,b; Vilberg and Rugg, 2009). In the task
most frequently used in recognition memory studies, participants
were presented with stimuli (words or pictures) either in the study
and test phase (old information), or only in the test phase (new
information). Larger left-lateralized positivity over parietal regions
was observed on trials correctly recognized as old than on trials
correctly recognized as new. This effect has been interpreted as
reflecting recollection memory, with more information available
for retrieval evoking larger positivity.

This left-lateralized LPC effect was further dissociated from
semantic priming effects in a study by Voss and Federmeier
(2011), who showed that while recollection memory processes
were indexed by late left posterior positivity, semantic processes
were associated with late right posterior positivity. This result
might provide a possible explanation of the difference between
the two experiments found in the current study. The analysis of
the anomaly-metaphor difference waves (see Section 2.3.2.)
revealed an interaction between the anterior-posterior axis, later-
ality, and experiment. The results showed that while in Experiment
1 this difference was largest over the midline parietal site (Pz), in
Experiment 2 it was clearly left-lateralized. This effect might be
related to task demands. In line with the findings reported by
Voss and Federmeier (2011), the broad distribution of the LPC
effect in the semantic decision task might suggest the involvement
of both recollection and semantic processes. In Experiment 2 (the
reading task), recollection processes might be more relevant due
to the requirement of responding to comprehension questions fol-
lowing the presentation of the sentences, which might provide a
possible interpretation of the lateralization of the effect.

It is important to treat this interpretation with caution due to
large differences between the recognition memory studies and
the current study, both in terms of materials (individual words
and pictures vs literal, novel metaphoric, and anomalous sen-
tences) and procedures (old/new classification vs the semantic
decision and reading tasks). It remains beyond the scope of this
paper to draw conclusions about a possible dissociation between
memory processes and semantic processes as indexed by LPC
effects in the context of anomaly and novel metaphor processing,
and further research is needed to elucidate this effect. Further-
more, the LPC pattern might be confounded by other factors that
have been shown to influence its amplitude and topography, and
have rarely been considered in studies on metaphor, such as
valence and arousal (Xu et al., 2015), or animacy (Kuperberg
et al., 2007). Future research is needed to investigate these factors
in a systematic manner.



240 K. Rataj et al. / Brain Research 1678 (2018) 231–244
Finally, the analysis of the rescaled anomaly-metaphor differ-
ence waves (Section 2.3.2) confirmed yet another finding observed
in the analysis on unscaled LPC amplitudes in Experiment 1 (Sec-
tion 2.1.2.2). Namely, while novel metaphoric sentences evoked
reduced LPC amplitudes over parietal sites, an enhancement of
these amplitudes was found over frontal sites. At the same time,
LPC amplitudes to anomalous sentences were larger over posterior
and reduced over frontal sites. Late frontal positivity has previously
been reported in response to low cloze probability sentences with
a semantically somewhat plausible continuation, while low proba-
bility implausible (anomalous) sentences evoked late posterior
positivity (De Long et al., 2014). Novel metaphoric sentences
employed in the current study might be potentially similar to sen-
tences evoking frontal positivities in the study by De Long et al.
(2014), in that they might appear somewhat plausible. Thus the
topographical difference in late positivities observed here might
reflect the influence of plausibility and probability levels on the
components. One possible explanation of such frontal positivity
is that it indexes the inhibition of the pre-activated expected
meaning, so that a less plausible but probable continuation is pro-
cessed (De Long et al., 2014). This interpretation remains, however,
very tentative here, as in the current study plausibility was not
directly manipulated and probability levels were quite homoge-
nous. Moreover, the frontal effect observed by De Long et al.
(2014) had a broad distribution, while in the current study the dif-
ference between anomalous and novel metaphoric sentences had a
slight right hemisphere bias. Future research is therefore needed to
test the parietal and frontal positivities in novel metaphor compre-
hension, with possible modulations of the components dependent
on the plausibility and probability levels.

There are a few potential caveats in the current study. First, 5-
point scales were used for the normative studies on meaningful-
ness and metaphoricity, while a 7-point scale was employed for
familiarity. A more consistent approach would be to use the same
number of points for all scales. Second, the presentation of the
whole sentence context instead of the word-by-word presentation
differs from other studies on metaphor comprehension. We chose
this mode of stimulus presentation as a word-by-word presenta-
tion exerts increased demands on working memory and induces
a graded, rather than one stage, build-up of contextual information
preceding the critical word. The effects we observed are, however,
in line with previous research on metaphor comprehension, and
the differences between Experiment 1 and 2 cannot be accounted
for by the differences in the presentation mode.

For the current study, we recruited students of the Physics
department, which is a departure from previous studies that have
mostly recruited students of psychology. The similarity in the N400
findings might point to little differences that would stem from par-
ticipants’ educational profile. It is important to note, though, that
for any firm conclusions, future research is needed that would
directly compare participant groups of different educational
backgrounds.

In sum, the present study replicated the N400 effect observed in
previous studies in Experiment 1 and 2, with literal sentences
evoking the smallest, anomalous the largest, and novel metaphoric
sentences intermediate amplitudes. This effect indicates that com-
prehension of novel metaphoric sentences requires increased acti-
vation of information in semantic memory relative to
comprehension of literal sentences, regardless of task demands.
Although, in light of the ongoing debate on the functional role of
the LPC, any firm conclusions based on the current study would
be preliminary, two crucial findings emerge here. First, novel meta-
phors displayed a reduced LPC amplitude relative to anomalous
sentences in Experiment 1 and Experiment 2. Although at first this
effect seems at odds with the current theories of the LPC, together
with results of previous studies that employed novel metaphors, it
suggests that conventionality matters not only in the early stages
(the N400), but also in the later stages (LPC) of metaphoric lan-
guage processing. Second, some support has been gathered for
the influence of task demands on LPC amplitudes. That is, while
in the semantic judgment task the difference in amplitudes
between the anomalous and novel metaphoric sentences was
broadly distributed over parietal sites, in the reading task, it pre-
sented a left-lateralized effect. This finding might suggest a possi-
ble dissociation between semantic and recollection processes and
could serve as inspiration for future research. After Kuperberg
(2007), we argue that task demands should not be easily discarded
as irrelevant for language processing, as they modulate the
observed ERP patterns.
4. Experimental procedures

4.1. Experiment 1

4.1.1. Participants
Thirty-five students of the Faculty of Physics at Adam Mick-

iewicz University in Poznań, Poland participated in Experiment 1
in exchange for course credits. Five participants were excluded
from the final analysis due to a low number of correct responses.
Thus, data from 30 participants (7 male and 23 female, Mage = 23,
range 20–26) were introduced in the final analysis. All participants
were right-handed native speakers of Polish, had normal or cor-
rected to normal vision, and no history of neurological disorders.
4.1.2 Materials
All critical words were nouns with the mean number of charac-

ters equal to 7.25 (SD = 1.9, range = 4–13) and mean frequency of
occurrence per million equal to 28 (SD = 15, range: 10–63). Mean
frequency was calculated based on the IPI PAN Corpus of Polish
(Przepiórkowski, 2004). Each critical word appeared in the literal,
novel metaphoric and anomalous condition (see Table 2). Two
hundred novel metaphoric, literal, and anomalous utterances were
created by the experimenters. In order to ensure that the sentences
fulfilled the target criteria, three normative studies were per-
formed. Means and standard deviations for all the normative tests
are presented in Table 3. Independent judges who completed the
normative tests were recruited from the population of students
of Adam Mickiewicz University. The judges did not participate in
the EEG experiments.

First, the probability cloze test was conducted, in which a group
of 34 participants (19 females, Mage = 21, range = 18–24) saw the
target sentences without the critical words and completed each
sentence with the word that first came to their minds. Since previ-
ous research has shown that cloze probabilities modulate the N400
amplitudes, we wanted to ensure that the critical words were
equally unexpected in all three conditions. Those sentences for
which the critical word was repeated twice or more in the
responses were excluded from the final set of stimuli. Cloze prob-
ability for the final list of sentences in all conditions was kept
below 2%. Although there was a significant effect of sentence type
[p < .01], it stemmed from the differences between the anomalous
and literal [p < .01], and anomalous and novel metaphoric sen-
tences [p = .001]. There was no difference between the literal and
novel metaphoric sentences [p > .05].

Second, another group of 34 independent judges (18 females,
Mage = 21, range = 18–23) was asked to evaluate the sentences on
a 5 point meaningfulness scale, ranging from very meaningful (1)
to very meaningless (5). This normative test was performed to
ensure that the novel metaphoric and literal sentences were per-
ceived as meaningful while the anomalous sentences as clearly
meaningless. Based on previous research, we expected that novel



Table 2
Examples of novel metaphoric, literal, anomalous, and filler sentences together with
nonliteral translations (in italics). The same sentences were used in Experiment 1 and
Experiment 2.

Condition Sentence context Critical word

Novel
metaphoric

Po chwili jej oczom ukazała się procesja butelek.
After a while, she saw a procession of bottles.
Zachwyciła go kolejna zgniła teoria.
He was amazed by another moldy theory
Mają same wykrochmalone słu _zące.
They hire only starched maids.
Przełknął kolejną ły _zkę cierpienia.
He swallowed another spoon of suffering.
Jego zwinne palce dźgały powietrze
His agile fingers jabbed the air.

Literal Co noc słychać głośne tłuczenie butelek.
Every night you can hear a loud sound of
breaking

bottles.

Istnieje ponać jakaś nowa teoria.
Supposedly, there is a new theory.
Wtedy zwolnili wszystkie słu _zące.
At that time, they fired all maids.
Długo rozmawiali na temat cierpienia.
They talked for a long time about suffering.
Tam jest bardzo rozrzedzone powietrze.
In there, there is very thin air.

Anomalous Kupiła na rynku pęczek dojrzałych butelek.
In the market, she bought a bunch of ripe bottles.
W pokoju stała stara, wygodna teoria.
In the room, there stood an old, comfortable theory.
Wyrwała z zeszytu dwie zapisane słu _zące.
She tore out of the notebook two written-up maids.
Krople wody kapały z przemoczonego cierpienia.
Water was dripping from soaked suffering.
Na końcu nitki nale _zy zrobić powietrze.
At the end of the thread you should make the air.

Filler sentences Po roku poparcie dla niego się skurczyło.
After a year, the support for him has shrunk.
Po południu wszystkie dzieci śpiewają i rysują.
In the afternoon, all children sing and draw.
Wiemy dokładnie co oni robią.
We know exactly what they are doing.
Te truskawki są bardzo sprzeczne.
These strawberries are very contradictory.
Szedł z zakupami pod podeszwą.
He carried the shopping under his sole.
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metaphors would be evaluated as more meaningful than the
anomalous but less meaningful than the literal sentences. Sen-
tences which were evaluated contrary to our expectations (with
scores below 3.6 for anomalous sentences, above 2 for literal sen-
tences, and above 3.5 for novel metaphoric sentences) were
removed from the final set of stimuli. The analysis of the data for
the remaining sentences revealed the main effect of sentence type
[F(2,66) = 585, p < .001, Np2 = 0.95]. Bonferroni corrected pairwise
comparisons showed significant differences [p < .001] between all
three sentence types.

Third, the metaphoricity scale was used to ensure that novel
metaphoric and literal sentences were perceived as intended by
the experimenters. The third group of 34 independent judges (21
females, Mage = 20, range = 18–22) was asked to evaluate the sen-
Table 3
Mean meaningfulness ratings (where 1 = meaningful and 5 = meaningless), metaphoricity r
and 7 = very rarely), and cloze probabilities are presented for literal, novel metaphoric, an

Meaningfulness M (SD) Metaphor

Literal sentences 1.71 (0.45) 4.31 (0.31
Novel metaphoric sentences 3.14 (0.7) 1.71 (0.36
Anomalous sentences 4.47 (0.27) NA
tences on a 5 point metaphoricity scale ranging between very
metaphoric (1) and very literal (5). Sentences which were evalu-
ated contrary to our expectations (with scores below 3.6 for literal
sentences and above 2.4 for novel metaphoric sentences) were
removed from the final set of stimuli. As expected, participants
judged novel metaphoric sentences as more metaphoric than lit-
eral sentences [t(33) = 18.69, p < .001, r = 0.91].

Finally, in order to check whether novel metaphors were per-
ceived as less familiar than literal sentences, a 7-point familiarity
scale was administered. The fourth group of 40 independent judges
(25 females, Mage = 21, range = 19–24) was asked to decide how
often they had come across a given sentence, with 1 representing
very often and 7 very rarely. As expected, participants evaluated
novel metaphoric sentences as less familiar than literal sentences
[t(39) = 15.22, p < .0001 r = 0.86]. However, literal sentences were
not perceived as highly familiar, as the mean score was close to
the middle of the scale.

Overall, after the normative studies, the final set of stimuli (see
Table 3) consisted of 75 novel metaphoric, 75 literal and 75 anoma-
lous sentences (for a complete set of experimental sentences, see
Supplementary materials). Moreover, 225 filler sentences were
used as distractors from the experimental sentences, and were
excluded from final analyses. Filler sentences differed in the syn-
tactic structure from experimental sentences, but they were con-
structed to reflect the categories represented in the experimental
sentences. Mimicking the experimental sentences, two third of
the fillers were meaningful sentences, and one third of the filler
sentences were meaningless. To avoid a literal bias, half of the
meaningful sentences were conventional figurative utterances
and half were literal.

4.1.3. Procedure
Procedures for Experiment 1 and Experiment 2 were approved

by the Ethics Committee for Research with Human Participants
at Adam Mickiewicz University in Poznan, Poland. Experiment 1
was performed in the Vision and Neuroscience Laboratory of the
NanoBioMedical Centre at Adam Mickiewicz University in Poznań,
Poland. All stimuli were presented on a 22-in LCD monitor with
refresh rate 70 Hz, driven by Presentation Software (v. 16.4, Neu-
robehavioral Systems Inc.). Participants sat in a dark quiet room
separate from the experimenter and the computers in a comfort-
able chair at a distance of 90 cm from the computer screen. Words
were displayed in black font (Times New Roman, font size: 23) on a
gray background. First, the fixation point (black square) was dis-
played on the computer screen for 500 ms, then the context of
the sentence remained on the screen for 1800 ms, which was fol-
lowed by a blank screen (500 ms) and another fixation point
(300 ms). Finally, the critical word was displayed in the centre of
the computer screen until the response was provided. If the partic-
ipant did not respond within 1000 ms, a blank screen was dis-
played which lasted until the response was given and was
followed by a 1000 ms inter-trial interval (a blank screen). Partic-
ipants were asked to decide whether a given sentence makes or
does not make sense. Responses to novel metaphoric and literal
sentences were considered correct if participants indicated that
the sentence made sense, while responses to anomalous sentences
atings (where 1 = metaphoric and 5 = literal), familiarity ratings (where 1 = very often
d anomalous sentences.

icity M (SD) Familiarity M (SD) Cloze probabilities M (SD)

) 3.68 (0.21) 0.01 (0.01)
) 5.61 (0.15) 0.01 (0.01)

NA 0.00 (0.00)
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were considered correct if participants indicated that the sentence
did not make sense.

Since each critical word was used in all three conditions, the
experimental sentences were counterbalanced across 3 blocks so
that each participant saw each critical word once and evaluated
150 sentences. The sentences were presented in random order.
Each experimental session started with 2 practice blocks. Practice
block 1 was designed to allow participants to practice manual
responses. Letters M and W appeared on the computer screen. Par-
ticipants were asked to press the down arrow if they saw M and
left arrow if they saw W. Practice block 2 was designed to make
participants familiar with the task used in the experiment. Partic-
ipants were presented with sentence contexts (target sentences
without the critical word) for 1800 ms, and when the critical word
appeared on the screen, they were asked to decide whether the
sentence made or did not make sense. The practice block consisted
of 10 sentences, which represented all three conditions used in the
experiments. None of these sentences was presented in the exper-
imental block, which followed the two practice blocks. In order to
avoid the movement related lateralization effects in the EEG data,
the use of the right and left hand was counterbalanced across par-
ticipants, so that half of the group executed all responses with their
right, and half with their left hands.

4.2. Experiment 2

4.2.1. Participants
24 students of the Faculty of Physics at Adam Mickiewicz

University in Poznań, Poland participated in Experiment 2 in
exchange for course credits. Data from one participant were
excluded from further analysis due to a low number of correct
responses on the comprehension questions. Among the 23 partici-
pants, 11 were female and 12 were male (Mage = 24, range 21–26).
All participants were right-handed native speakers of Polish, had
normal or corrected to normal vision, and no history of neurologi-
cal disorders.

4.2.2. Materials
The set of experimental and filler sentences was identical to the

one used in Experiment 1.

4.2.3. Procedure
Experiment 2 was performed in the Vision and Neuroscience

Laboratory of the NanoBioMedical Centre at Adam Mickiewicz
University in Poznań, Poland. The procedure in Experiment 2 was
the same as in Experiment 1, with the exception that Experiment
2 did not involve the semantic decision task. Here, participants
were asked to read the sentences. In order to ensure that partici-
pants read and comprehended the sentences, comprehension
questions were displayed on the computer screen following 30%
of the sentences (24 comprehension questions). For example, after
a target sentence An innocent foreigner was arrested yesterday, a
blank screen was displayed for 2000 ms and a comprehension
question Was a drunk foreigner arrested yesterday? appeared on
the screen, to which the participant’s expected answer was ‘‘No”.
The comprehension question remained on the screen until the par-
ticipant gave a response. If no comprehension question followed a
given sentence, the inter-trial interval (a blank screen) was dis-
played for 1000 ms, after which the next trial began. The order of
the sentences was randomized. Responses were given by indicat-
ing ‘‘yes” or ‘‘no” using the down and left arrow keys on the key-
board. In order to avoid the lateralization effects in the EEG data
related to movement preparation, the use of the right and left hand
was counterbalanced across participants, so that half of the partic-
ipants gave all responses with their right hands and half with their
left hands. The EEG recording was the same as in Experiment 1.
4.2.4. Electrophysiological recording
EEG signals were recorded from 32 active Ag/AgCl electrodes

(Brain Products): FP1, FP2, F7, F3, Fz, F4, F8, FC5, FC1, FC2, FC6,
T7, C3, CZ, C4, T8, TP9, CP5, CP1, CP2, CP6, TP10, P7, P3, PZ, P4,
P8, PO9, O1, OZ, O2, PO10 at the standard extended 10/20 positions
with the ground placed at AFz. For blinks artifacts, the electroocu-
lography was recorded bipolarly from above and below the right
eye (vEOG). For horizontal eye movements bipolar electrooculog-
raphy was used, situated horizontally from positions next to the
outer rims of the eyes. EEG data were amplified by a QuickAmp
(BrainProducts GmbH) with average reference and filtered with
lowpass filters (cutoff frequency = 80 Hz) and with highpass filters
(cutoff frequency = 0.015 Hz). The sampling rate was 250 Hz. Elec-
trode impedance were maintained below 5 kO for all electrodes. All
signals were stored on the computer for offline analyses.

Offline EEG analyses were conducted using Brain Vision Ana-
lyzer 2.0 software. Data were bandpass filtered from 0.5 Hz (24
dB/oct.) to 30 Hz (24 dB/oct.) using the Butterworth zero phase fil-
ter. They were segmented from 300 ms before stimulus onset to
1000 ms afterward, referred to baseline – 100–0 ms before stimu-
lus onset, and edited for artifacts (rejecting trials with zero lines,
voltage differences higher than 150 lV or voltage steps higher than
50 lV). Ocular artifacts were corrected by the Gratton and Coles
method as implemented in Brain Vision Analyzer 2.0.

4.4. Analysis of the behavioral and electrophysiological data

The analysis of reaction times was performed on correctly clas-
sified trials. No premature (RTs below 300 ms) or too slow (RTs
above 3500 ms) responses were observed. Five participants were
excluded from the final analysis in Experiment 1 due to a low num-
ber of correct responses on the semantic decision task, and one
participant was excluded from the final analysis in Experiment 2
due to a low number of correct responses to the comprehension
questions.

Nine electrodes were used in the analysis. For the anterior-
posterior factor we selected F3, Fz, F4 (frontal); C3, Cz, C4 (central);
and P3, Pz, P4 (parietal). The laterality factor included F3, C3, P3
(left), Fz, Cz, Pz (midline), F4, C4, P4 (right). The inspection of the
EEG data revealed the N100 and P200, the exogenous perceptual
components, over frontal and central sites. Next, negativity was
observed around 200 ms after critical word onset over posterior
sites and around 400 ms over central and posterior sites. Finally,
a positive component peaking around 600 ms (with the onset
around 500 ms and offset around 800 ms) was observed over pari-
etal sites. Based on previous studies on metaphor comprehension
and the visual inspection of the data gathered in the current study,
we selected the N400 (between 300 and 500 ms) and the LPC com-
ponent (500–800 ms) for the statistical analysis. To avoid possible
bias discussed by Van Rullen (2011), and caused by brain activity
associated with correct responses rather than stimulus category,
all responses were entered in the analysis. It also increased the sig-
nal to noise ratio in Experiment 1, which made the comparison
between the two experiments more meaningful. Since, based on
previous studies (Arzouan et al., 2007a; Goldstein et al., 2012),
we predicted a graded N400 effect, one-tailed t-tests were
employed to test the differences between the three sentence types.
For the LPC amplitudes we did not have a directional hypothesis,
for which reason Bonferonni corrected pairwise comparisons were
conducted. For all analyses, the Greenhouse–Geisser correction
was applied, where appropriate. Partial eta squared (Np2) is reported
as a measure of effect size.

In Section 2.3. (Comparison of Experiment 1 and Experiment 2),
results of analyses are reported on rescaled data of difference
waves to draw conclusions regarding topographical differences
between conditions and experiments. We decided to employ the
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McCarthy and Wood (1985) vector rescaling procedure as this
method can be used for both between and within-subjects compar-
isons, although other methods may be superior when dealing
solely with within-subjects comparisons (Jing et al., 2006).
Urbach and Kutas (2002) indicated that the rescaling method of
McCarthy and Wood may encounter problems due to baseline dif-
ferences between conditions and the influence of noise. Wilding
(2006) indicated that these concerns are reduced considerably
when vector scaling is computed over difference scores, which is
the approach taken here.
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