What does action do to object? The case of metaphoric action.
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Abstract

We examined whether embodiment effects at a particular
word influence subsequent words. We recorded EEG while
participants read action sentences that were literal-concrete
(LC), literal-abstract (LA), and metaphorical (MET). Prior
work showed that at the verbs, both LC and MET elicited
more negative N400s than LA, reflecting sensorimotor
simulations. We found that at the object nouns, LC elicited a
more negative negativity in the 500-700 ms time window than
LA and MET, which may reflect combined influences from
embodiment spilled over from the verbs and imagery linked
to noun concreteness and imageability. These findings
suggested that literal action embodiment can yield extended
motor engagement extending into subsequent words, but
metaphorical action verbs cannot. Moreover, lexical
properties at the noun played a role.
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Introduction

Metaphorical language leverages semantic flexibility to
construct meanings that extend interpretations (Semino et
al., 2008; Rutter et al., 2012; Benedek et al., 2014). For
instance, in “The secret swept across the campus ", the
inanimate subject noun “secret” paired with an action verb
evokes the notion of something spreading quickly, thereby
transforming “sweep” into a figurative domain (Gentner &
France, 1988). This illustrates the capacity of metaphor to
impart rich, nuanced meanings (Cameron & Gibbs, 2008).

Some embodied cognition researchers argued that
metaphors engage sensorimotor simulations akin to those
triggered by literal action descriptions (Barsalou et al.,
2003; Gibbs, 2006; Qu et al., 2013; Yin et al., 2013).
Specifically, processing a sentence like “The church bent the
rules” may involve mentally simulating the act of bending,
with this spatial concrete concept supporting an abstract
sense of “altering”. Such metaphorically embodied
simulation is supported by findings showing faster

comprehension when participants perform or imagine
congruent actions before reading metaphorical expressions
(Wilson & Gibbs, 2007), as well as from imaging and
electrophysiological studies revealing activation in
sensorimotor-related brain regions (Bardolph & Coulson,
2014; Boulenger et al., 2012; Desai et al. 2011; Lai et al.,
2019; Lauro et al., 2013; Li et al., 2022). However, other
researchers suggested that verbal metaphor comprehension
primarily engages abstract semantic systems rather than
concrete sensorimotor features (Chatterjee, 2010; Forgacs,
2022; Raposo et al., 2009), particularly if the figurative
meaning is familiar and conventionalized.

Event-related potential (ERP) studies have probed the
time course of metaphor comprehension and the interplay
between concrete and abstract meanings. The ERP N400
component is a negative going waveform between 200 ms
and 600 ms post stimulus onset and parietally distributed, is
widely regarded as reflecting semantic processing (Kutas &
Hillyard, 1980). In the same time window, there is also a
frontal negativity that is modulated by concreteness
(Holcomb et al., 1999). In addition, a late negativity at
around 700 ms and frontally distributed has been linked to
imagery-driven semantic elaboration (Barber et al., 2013;
Gullick et al., 2013; West & Holcomb, 2000). Lai et al.
(2019) used these ERP components to examine embodiment
in metaphoric and literal sentences with action verbs (Table
1). Metaphoric (MET) verbs patterned with literal-concrete
(LC) verbs, both elicited negativities in the 200-500 ms time
window, more negative than the literal-abstract (LA) verbs,
supporting an embodied view of metaphor at the verbs. The
MET-LA difference was broadly distributed on the scalp,
which differed from the LC-LA difference, which was more
frontal, and also differed from the MET-LC difference
which was parietal. This suggests that the topography could
help differentiate literal embodiment vs. metaphoric
embodiment.
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In contrast, Li et al. (2022) found that verbs in subject-
verb metaphors (e.g., “The company grasped the
opportunity”) elicited a more positive P600/LPC than
literal-concrete, suggesting a reanalysis to resolve semantic
conflict and activate abstract meaning. But verbs in the
verb-object metaphors (e.g., “The boss grasped the
opportunity”) elicited N400s similar to the literal-concrete
condition, in comparison to the literal-abstract, indicating
literal sensorimotor simulations. At the object position
(“opportunity”), Li et al. (2022) reported that subject-verb
metaphors elicited a more positive P600/LPC than the
literal-abstract, which according to the authors reflects the
cognitive effort required for integrating metaphorical
meaning into sentence context. Directly relevant to the
current study, Li et al. also reported N400 effects at the
object noun position, showing greater negativity for literal-
concrete objects compared to both literal-abstract and
metaphorical ones, regardless of structure (subject-verb or
verb-object).

Table 1: Example stimuli.

Condition
Literal-abstract
Literal-concrete
Metaphor

Example

The church altered the rules.
The bodyguard bent the rod.
The church bent the rules.

The current study asks whether the object nouns
following the literal and metaphoric verbs also show
embodied simulations. If embodiment effect at the verbs
affects the following words, we predict that the object nouns
in the literal-concrete and metaphorical conditions will elicit
more negative N400 than the object nouns in the literal-
abstract condition. Given that the N700 has been associated
with mental imagery (Gullick et al., 2013), we also expect a
more negative late negativity for the literal-concrete and
metaphor than for the literal-abstract conditions. Finally, if
metaphorical context affects object nouns in terms of more
integration or reanalysis (Li et al., 2022), not embodiment,
then object nouns in metaphoric condition will elicit a more
positive LPC/P600 than the literal-abstract. If the action
embodiment effect at the verb is short-lived and transient,
we would observe no effect at the object noun.

Methods and Materials

Participants

Data are from Lai et al. (2019). Out of the original 34
participants, six were excluded due to low trial counts (<
50%) post-artifact rejection and EEG system errors. The
remaining 26 participants (14 women) had a mean age of
19.25 years (range 18-22). Informed consent was obtained
prior to participation, in line with the local Institutional
Review Board.
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Materials

The stimuli were 88 triplets of MET, LA, LC sentences
(Table 1). Each sentence was in an NP-Verb-NP (NP means
noun phrase) structure. The MET sentences featured agents
with action verbs that couldn’t be physically performed by
the agents. In LA, the agents were paired with abstract
verbs. In LC, agents performed concrete actions. Note that
all sentences were semantically coherent and syntactically
well-formed, with no anomalous items included.

Different from Lai et al. (2019), which focused on verb
processing, the present study examined ERPs at the object
nouns. To ensure comparability across conditions, we
normed the target nouns on lexical frequency and length
(SUBTLEXus; Brysbaert & New, 2009), cloze probability
(using both human ratings and GPT-3.5-turbo estimates),
concreteness (Brysbaert, Warriner, & Kuperman, 2013), and
imageability (Wilson, 1988). No significant differences
were found across conditions in word frequency, length, or
predictability. Human cloze responses were obtained from
60 native English speakers across Latin-square rotated lists,
and log probabilities were also estimated using 10 iterations
per item with GPT-3.5-turbo. However, significant
differences were found in concreteness and imageability:
LC object nouns were rated significantly higher than those
in both the LA and MET conditions (ps < .001), which did
not differ from each other (see Table 2).

Table 2: Descriptive Statistics

Measure LA LC MET p-value
(Mean+ (Mean+ (Mean *
SD) SD) SD)

Log 323 £ 3.02 £ 322 £+ =.07

Frequency 0.51 0.48 0.49

Length 634 £+ 584 + 631 + =33
1.20 1.10 1.30

Cloze 487 + 488 £ 471 £ =.53

(Human) 0.82 0.79 0.85

Cloze (LLM) -.00002 -.00001 -.00001 >.05

Concreteness 3.00 = 4.60 + 3.00 + <.001
0.80 0.70 0.90

Imageability 449.27  567.42 44927+ <.001
+83.93 +£5585 83.93 (LC>

MET)




Procedure

Participants completed the consent form and were set up for
scalp EEG. The experiment took place in a quiet, dimly lit
room, with participants seated 70—80 cm from a computer
screen. They were instructed to attentively read each
sentence for comprehension, as occasional yes/no
comprehension questions would follow. Sentences were
presented word-by-word in white Courier New font on a
black background, with word durations dependent on length
(mean = 851 ms). Comprehension questions appeared
randomly after 25% of the sentences (i.e., catch trials), and
participants responded using a button box. A “blink, or
continue?” screen appeared between trials, allowing
participants to take breaks as needed. The session lasted
approximately 1.5 hours, with 2-minute breaks every 12—13
minutes for electrode impedance checks. .

Electrophysiological Acquisition and Processing

Continuous EEG was recorded using a 128-channel
Hydrocel GSN SensorNet (Tucker et al., 1994) with the EGI
system and NetStation Recording software (EGI Inc.,
Eugene, OR). The EEG data were amplified, digitized at a
250 Hz sampling rate, and referenced to the vertex during
recording. Impedances were below 40 kQ throughout.

Data processing was conducted using Brain Vision
Analyzer 2.0. First, raw EEG data in NetStation format were
converted to Brain Vision format using EEGLAB software
(Delorme & Makeig, 2004). The EEG was then re-
referenced offline to the average of the left and right
mastoids. Next, the signals were band-pass filtered between
0.1 and 30 Hz (12 dB/octave slope), and a 60 Hz notch filter
was applied to remove line noises. Ocular artifacts were
detected via semiautomatic ICA procedure (Infomax
algorithm; Makeig et al., 1997). A Value Trigger Algorithm
was applied to the vertical EOG (VEOG) channel to detect
blinks. ICA components contributing significantly to
vertical (VEOG) and horizontal (HEOG) activity,
determined by the square of their correlations with these
channels, were identified and removed from the data.
Segments were excluded if they contained signals exceeding
+100 pV within the segment (epoch). Data were then
segmented from 200 ms before the onset of the object nouns
to 1,000 ms after. Baseline correction was applied from -200
to 0 ms preceding the target word onset. The remaining
trials were averaged for each condition for each participant,
producing grand average waveforms.

Statistical Analyses

The selections of time windows and electrode locations
were a priori based on prior studies (Lai et al., 2019; Barber
et al., 2013; Gullick et al., 2013), as well as visual
inspection of the current data. Mean amplitudes were
exported from two time windows (N400: 300-500 ms;
N700: 500-700 ms) and from four scalp regions (left

anterior, right anterior, left posterior, right posterior),
covering lateral frontal and posterior sites where N400 and
N700 effects are typically observed in the concreteness and
imagery literature. (Left anterior: E12, E13, E19, E20, E24,
E28, E29; right anterior: E4, E5, E111, E112, E117, E118,
E124, left posterior: E52, E53, E59, E60, E61, E66, E67;
and right posterior: E77, E78, E84, E85, E86, E91, E92).
Exported mean amplitudes were entered in separate
Repeated-Measures ANOVAs of 3 Condition (LA, LC,
MET) x 4 Location (LA, RA, LP, RP). All p values were
adjusted for multiple comparisons using FDR.

Results

The comprehension question accuracy was 87.4% (SD =
6.7%), indicating that participants were doing the task.

N400 (300-500 ms)

There was no significant effect of Condition (#(2,50) =
1.401, p = .256).

N700 (500700 ms)

There was a main effect of Condition (F(2, 50)=8.219, p<
.001). Because condition did not interact with location, we
combined all 4 quadrants. Pairwise comparisons showed
that LC was more negative than LA (A=0.9038, p =.0020, d
=0.59) and LC was more negative than MET (A =-0.8406, p
=.002, d=0.50). MET did not differ from LA (A= 0.0631,
d =0.04) (see Figure 1).

To examine whether the N700 amplitude followed a
progressive increase from LA < MET < LC, we conducted a
linear trend test. The contrast analysis revealed a significant
linear trend (P = -0.4519, p = 0.046), indicating that N700
amplitude followed a stepwise increase from LA, MET, to
LC. However, the effect size was small (R2=0.051),
indicating it is not the sole factor modulating N700.

Discussion

In this study, we investigated whether the literal and
metaphoric embodiment effects observed at the verbs in Lai
et al. (2019) would extend to subsequent object nouns. Our
key findings were that first, at object nouns, LC elicited a
more negative N700 than LA and MET. According to our
hypothesis, this suggests that a literal action verb that
engages motor related processes at the verb affects
processing downstream at the object noun. However it is
possible that it is co-determined by concreteness and
imageability properties of the object noun. Second, MET did
not differ from LA, but showed a linear trend to be different
from LA, also in N700. Thus, a metaphoric action verb
engages motor related processes at the verb and verb only.
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Figure 1: Grand-averaged ERPs for the metaphor (MET, blue), literal-abstract (LA, black), and literal-concrete (LC, red)
conditions. Topographical maps on the right show condition differences (MET—LA and LC-LA) in each time window.

N700

In terms of literal embodiment, At the object nouns, LC
elicited a more negative N700 than LA. As we suggested
above, this was likely due to literal embodiment effect being
carried over from the action verbs to the object nouns.
However, note that in Lai et al. (2019), the literal
embodiment effect at the verbs was revealed in the N400,
not the N700. There are at least three possible
interpretations. First, the literal embodiment effect trailed
off as words went by. By the time the object noun appeared,
the embodied activation was weakened. This was reflected
via an ERP negativity delay, delayed from ~400 ms to ~700
ms. The second interpretation is that bottom-up, word-level
semantic activation led to the N700. As reported in methods,
the object nouns in the LC condition were rated as being
more concrete and imageable than the object nouns in the
LA condition. Since the N700 has been linked to imagery in
the word processing literature (Gullick et al. 2013), it could
be that these low-level word properties overwrote high-level
contextually-driven embodiment and gave rise to the N700
effect. Third, both abovementioned possibilities played their
roles. That is, there is a balance between a weakened
embodied context and a developing influence from the
object noun word level concreteness and imageability. We

entertained all three interpretations, as the current data
cannot tease them apart.

In terms of metaphoric embodiment, While pairwise
comparisons showed that MET did not differ from LA, the
linear trend analysis indicated a graded increase from LA,
MET, to LC. This suggests that metaphoric action did affect
the following object nouns to some extent. Note that this
could not be accounted for by word level
concreteness/imageability, because the object nouns in MET
and LA were the same abstract nouns.

Summarizing, our key findings suggest that while
concrete or action language can trigger sensorimotor
simulations, the degree to which those simulations transfer
further to subsequent words may depend on whether the
context is metaphoric or literal and whether subsequent
words are concrete and imageable.

Connections to Prior ERP Literature

Our results differ from Li et al. (2022), who reported more
positive P600/LPC effects for metaphors at the object
position of both subject-verb metaphors and verb-object
metaphors. In contrast, our findings did not reveal any
P600/LPC activity anywhere. One potential reason is that
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such P600 is related syntactic expectedness: Their readers
read both subject-verb vs. verb-object metaphors, whereas
our readers only read subject-verb metaphors.

Our results align with single-word research on the
concreteness N700 effect (Holcomb et al., 1999; Kanske &
Kotz, 2007; West & Holcomb, 2000). The more negative
N700 for literal-concrete nouns is consistent with prior
evidence that concrete words elicit sustained frontal
negativity compared to abstract words—even when
controlling for frequency, familiarity, and context
availability (Barber et al., 2013; West & Holcomb, 2000;).
While initially attributed to imagery-based mechanisms
(West & Holcomb, 2000), Barber et al. (2010) found a
similar extended negativity when comparing nouns and
verbs varying in sensory-motor richness. Our finding is
consistent with the view that the N700 reflects multimodal
activation for concrete words (Barber et al., 2013). In
sentence-level ERP studies (Lai et al., 2019), also reported
that concreteness N400 effects were modulated by context:
More frontal for literal context and more broadly distributed
for metaphoric/figurative context. These dissociable patterns
suggest that figurative context may engage distinct neural
generators for concreteness effects—an issue our study did
not examine directly but one that could guide future
topographic analyses of object noun processing.”

Mechanism: Attention and Resource Allocation in
Language Processing

One possible explanation for the transient nature of
metaphor-driven sensorimotor simulations is the strategic
allocation of attentional resources during sentence
comprehension. According to capacity-limited models of
language processing (Just & Carpenter, 1992), readers or
listeners have a finite pool of attentional resources that can
be deployed to interpret demanding linguistic elements.
When a figurative verb first appears (e.g., “bend” used
metaphorically), it may trigger a burst of sensorimotor
simulation as the comprehender works to reconcile the
literal action with a metaphoric context (Gibbs, 2006; Lai et
al., 2019). Once the figurative meaning is resolved,
attentional resources may be reallocated to the next word,
especially if that word (e.g., the subsequent noun)
necessitates new conceptual or lexical integration. This
handoff of resources can reduce the likelihood that
sensorimotor activation carries over, as the comprehender
effectively “drops” the embodied representation to focus on
more immediate semantic demands (Rayner & Clifton,
2009). While metaphor comprehension likely imposes an
attentional bottleneck, our linear trend analysis suggests that
some sensorimotor engagement persists beyond the verb—
albeit in a weakened form. Rather than a binary switch from
"embodied" to "non-embodied" processing, metaphor
processing appears to gradually transition between abstract

and concrete meaning, contributing to a graded
sensorimotor effect.

Such a view agrees with theories of attentional control in
language which propose that readers flexibly adjust their
depth of processing depending on context and task goals
(Huettig & Altmann, 2005; Van Petten & Luka, 2012).
Metaphor comprehension may therefore act as an attentional
bottleneck: once the initial interpretive challenge posed by
the figurative expression is addressed, the system switches
to a more routine, lexical-semantic mode for subsequent
words. This perspective clarifies why we might observe
strong, short-lived embodiment effects at the verb, followed
by minimal effects downstream. It also highlights how top-
down attentional control interacts with bottom-up lexical
and semantic cues to shape the time course of sensorimotor
grounding- a dynamic interplay that future studies could
examine by manipulating task demands, metaphor
complexity, or the presence of distractors to see how
attention is redistributed in real-time.

Implications for Computational Modeling of
Language

Recent advancements in natural language models, such as
BERT (Devlin et al., 2019) and GPT (Brown et al., 2020),
have yielded impressive results across a variety of language
tasks by leveraging large-scale textual corpora. However,
these models generally focus on the statistical relationships
among words (i.e., distributional semantics) and have
limited capacity to incorporate sensorimotor information.
The findings from our study suggest that the sensorimotor
underpinnings of language may be transient or context-
bound. This poses new challenges for models aiming to
capture the full richness of semantic processing. If certain
types of embodied activation fade quickly, then simply
encoding static, multimodal features (e.g., images or sound)
may be insufficient. Instead, an ideal computational
approach might incorporate a time-sensitive or “decaying”
representation of sensorimotor activation, reflecting how
real-time comprehension can shift as each new word arrives.
Such dynamic embeddings could offer a more faithful
simulation of human language processing and might better
predict nuanced ERP patterns like the N700 effect observed
in our data.

An emerging body of research supports this move toward
incorporating grounded or sensorimotor constraints in
computational frameworks. For instance, Bruni, Tran, and
Baroni (2014) introduced multimodal distributional models
that integrate visual features to improve word
representations, while Andrews, Vigliocco, and Vinson
(2009) combined experiential and distributional information
to model conceptual knowledge. Building on these
directions, future work could refine transformer
architectures by introducing a temporal dimension to
sensorimotor embeddings, one that models how embodied
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traces wax and wane as context unfolds. Such models could
provide a test bed for hypotheses about transient
embodiment, thereby offering not only improved language
understanding performance but also deeper insight into the
oscillations and interplay of sensorimotor and symbolic
representations in the human brain.

LLM-Based Measures and Predictability

In our norming, the human cloze scores and the GPT-based
conditional probabilities were similar, showing low
predictability for the critical nouns across conditions, as
expected. Nevertheless, more refined distributional metrics
derived from LLMSs often outperform standard human cloze
norms in predicting N400 amplitude (Michaelov et al.,
2022, 2024). These findings suggest that advanced LLM-
based surprisal measures, which capture subtle contextual
constraints on a token-by-token basis, may sometimes
reveal nuances missed by simpler probability or cloze
measures. Future studies might benefit from employing
more sophisticated LLM-based surprisal metrics to detect
subtle semantic differences in contexts.

Considerations and Future Directions

There are several considerations. First, we matched low-
level lexical variables such as word frequency, length, and
cloze probabilities, to minimize confounds and ensure that
observed ERP differences could be attributed to higher-level
context of embodiment. However, word concreteness and
imageability could not be matched, possibly due to the
inherent nature of metaphor that uses concrete terms for
abstract meaning metaphorically. Future studies should
either match imageability and concreteness or take them
into account to pin down the embodiment context effect.

Our study focused primarily on conventional (familiar)
metaphors, yet the degree of novelty in metaphorical
expressions can drastically alter neural responses (Cardillo
et al., 2012). Novel or creative metaphors often demand
additional conceptual integration, potentially evoking a
different time course of embodiment effects that extend into
subsequent words. If a metaphor is especially novel,
sensorimotor simulations might persist longer, appearing not
just at the verb but also at the noun. Future experiments
could systematically manipulate metaphor novelty to see
whether more innovative metaphors lead to distinct ERP
outcomes at the object position, possibly amplifying or
prolonging sensorimotor activation.

The metaphoric condition involved agents performing
physically impossible actions. There might be increased
cognitive effort required to process events that are
unexpected, unusual, or violate real-world knowledge. This
effect could be distinct from “metaphoricity,” because it is
not necessarily about the figurative nature of the expression
but rather about how unexpected or implausible the action

itself is. Consequently, these effects might also have
overshadowed downstream to the object noun processing,
modulating ERPs at the object nouns. Future studies could
address this “processing difficulty issue” by matching or
systematically manipulating the salience of metaphors (e.g.,
conventional vs. novel metaphors) to explore how varying
degrees of “metaphorical complexity” influence metaphor
processing at both the verb and the object noun positions.
Here, “metaphorical complexity” is used as an umbrella
term referring to the degree of cognitive effort required to
process a metaphor, which can be influenced by factors such
as novelty, conventionality, semantic distance, and
conceptual mapping difficulty, among others.

Our task was passive reading with occasional
comprehension checks. While this helps approximate
natural reading, it provides limited insight into participants’
metalinguistic or interpretive strategies. Including a more
explicit imagery or context-related task (e.g., asking
participants to rate the imageability of the final word after
each sentence) might amplify or clarify the literal
embodiment effects at the object nouns.

Finally, future research could employ time-frequency
analyses or source localization to better characterize the
neural oscillations and cortical areas involved in how
embodiment processes affect the following words during
sentence processing.

Conclusion

Our findings suggest that while literal action descriptions
can evoke more sustained sensorimotor engagement that
potentially carries over to subsequent words, metaphorical
uses of the same verbs appear to trigger more transient and
context-dependent embodiment effects. This underscores the
dynamic interplay between sensorimotor richness, lexical-
semantic properties, and attentional resources in shaping
how language is processed in real time. By highlighting the
limited “downstream” impact of metaphor-triggered
embodiment, our results contribute to a hybrid view of
language comprehension, where bodily simulations can be
briefly activated for figurative expressions but remain more
robust and persistent when describing literal actions.
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