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Abstract Embodied cognition accounts posit that concepts
are grounded in our sensory and motor systems. An important
challenge for these accounts is explaining how abstract concepts, which do not directly call upon sensory or motor information, can be informed by experience. We propose that metaphor is one important vehicle guiding the development and
use of abstract concepts. Metaphors allow us to draw on concrete, familiar domains to acquire and reason about abstract
concepts. Additionally, repeated metaphoric use drawing on
particular aspects of concrete experience can result in the development of new abstract representations. These abstractions, which are derived from embodied experience but lack
much of the sensorimotor information associated with it, can
then be flexibly applied to understand new situations.
Keywords Metaphor . Abstract concepts . Abstraction .
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Embodied accounts of cognition (Barsalou, 2008; Fischer &
Zwaan, 2008; Gibbs, 2006a; Glenberg, 2010; Pecher &
Zwaan, 2005; M. Wilson, 2002) posit that cognitive processes
are grounded in our sensorimotor systems. Many embodied
cognition accounts stress the role of the simulation of sensory
and motor experiences (e.g., Barsalou, 1999) when thinking
of concepts of entities and actions (e.g., Glenberg & Kaschak,
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2002; Zwaan & Taylor, 2006). Embodied cognition, bolstered
by the discovery of mirror neurons in the macaque and mirror
neuron systems in humans (Rizzolatti & Craighero, 2004), has
become a dominant organizing framework in cognitive science. However, the success and popularity of embodied accounts invites an obvious question: If concepts are fundamentally grounded in sensory and motor experiences and are instantiated in the brain through our sensory and motor systems,
how do humans abstract (Chatterjee, 2010; Dove, 2009;
Mahon & Caramazza, 2008)? In this article, we propose that
the use of metaphors is one important means by which people
abstract. Extending landmark work demonstrating that metaphors are integral to how we understand the world (e.g.,
Lakoff & Johnson, 1980, 1999), we suggest that metaphors
go beyond embodiment to deliver elements for abstract
thought.
Abstract concepts do not directly call upon sensory or motor information. Many abstract concepts pick out relational
patterns, in contrast to concrete concepts, which pick out entities that share common intrinsic properties—properties often
cast in sensory and motor terms (e.g., Barr & Caplan, 1987;
Gentner & Kurtz, 2005; Markman & Stilwell, 2001; WiemerHastings & Xu, 2005). How do we account for our ability to
conceptualize such concrete entities as apple, dog, or chair, as
well as abstract, relational ideas such as truth,
reciprocity, or respect?
Metaphors allow us to draw on concrete, familiar knowledge to reason about abstract concepts (e.g., Gallese & Lakoff,
2005; Gibbs, 1994, 2006a; Lakoff & Johnson, 1980, 1999).
For example, we use vertical spatial terms to talk about positive and negative emotional valence (e.g., Bshe was feeling
up^; e.g., Casasanto & Dijkstra, 2010; Lakoff & Johnson,
1980, 1999; Meier & Robinson, 2004), or talk about relationships in terms of physical journeys (e.g., Bthey’re at a
crossroads^; Lakoff & Johnson, 1980, 1999). How are these
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concrete–abstract relations learned, and what are the consequences of this learning for embodied accounts? In the first
section, we describe how metaphors can be used to extend our
thinking and elaborate on the relation of embodied views and
metaphor. The following two sections present behavioral and
neural evidence that ultimately leads us to suggest that metaphors use embodiment to catapult our thinking into
abstraction.

Metaphor
Metaphors in nominal sentences (e,g., X is a Y) are made up of
two parts: a target, which is the topic of the statement, and a
base, which provides information about the target. For example, in the metaphor Bnegotiation is a tool,^ negotiation is the
target and tool is the base. Metaphors allow people to apply
their knowledge of the base, which is typically more concrete
and familiar, to inform their understanding of the less-familiar
target (e.g., Gibbs, 1994; Kövecses, 1986, 2005; Lakoff &
Johnson, 1980, 1999; Lakoff & Turner, 1989; Sweetser,
1990). For example, if someone is learning about the concept
negotiation, the metaphor Bnegotiation is a tool^ enables him
or her to infer that, like a tool, negotiation can be used to
achieve a goal, and that its use is specific to certain situations.
In contrast, the metaphor Bnegotiation is an art form^ would
highlight the role of skill and expertise involved in
negotiations.
Someone’s representation of the metaphor target can be
quite sparse before being elaborated by drawing on knowledge of the base. However, an independent representation of
the target concept may be necessary in order to map onto it
from a base concept (Murphy, 1996, 1997). In other words, it
is not possible to map knowledge onto a nonexistent concept.
This raises the question of how metaphors can support the
acquisition of new abstract concepts. We remain agnostic
about the initial genesis of abstract concepts, but suggest that
they begin as underspecified placeholders before the representations are elaborated by drawing on one or more concrete
base domains. As the target concept representation is built
up through multiple metaphoric mappings, the representation
becomes more abstract, even as it becomes more specified,
retaining only those relational patterns and sensorimotor features common across the mappings. We elaborate on how this
process might occur later in the article.
The meaning of the base in a metaphoric context extends
beyond the term’s concrete sense. In the metaphor Bnegotiation is a tool,^ the meaning of tool in context might be something like an entity that can be used to amplify a person’s
ability to accomplish a social goal, which is distinguished
from the term’s basic sense—a handheld instrument that allows people to carry out a particular physical function. Of

course, the base term may have several senses, some more
abstract than the most basic, concrete sense.
Nominal metaphors (e.g., Bmy lawyer is a shark^) in which
the base and target are explicitly stated have received the most
attention (e.g., Bowdle & Gentner, 2005; Glucksberg &
Keysar, 1990; Glucksberg & McGlone, 2001; Ortony, 1979,
1993). Accounts of nominal metaphor comprehension generally propose that understanding involves comparison of the
base and target (i.e., sharks and lawyers; e.g., M. G. Johnson
& Malgady, 1979; Miller, 1979; Ortony, 1979; Tversky, 1977)
or categorization of the target as a member of a category represented by the base (i.e., aggressive, predatory creatures; e.g.,
Glucksberg, 2001; Glucksberg & Keysar, 1990; Glucksberg,
McGlone, & Manfredi, 1997; Honeck, Kibler, & Firment,
1987; A. T. Johnson, 1996).
More recently, the career-of-metaphor account (Bowdle &
Gentner, 2005; Gentner & Bowdle, 2001; Gentner, Bowdle,
Wolff, & Boronat, 2001; Gentner & Wolff, 1997, 2000; Wolff
& Gentner, 2011), an extension of structure-mapping theory
(Gentner, 1983) to metaphor, has attempted to reconcile these
views. According to structure-mapping, metaphors, like analogies, align the base and target, and then project inferences
from the base to the target (e.g., Falkenhainer, Forbus, &
Gentner, 1989; Gentner, 1983, 1989; Gentner & Markman,
1997; Markman & Gentner, 1993). According to this account,
the mode of metaphor mapping shifts from comparison to
categorization as a metaphor becomes conventional.
Metaphors can be distinguished on the basis of the kind of
alignment that holds between the base and target (Gentner &
Clement, 1988). In attributive metaphors, the base and target
share object attributes. For example, in the metaphor Bthe sun
is a tangerine,^ the base and target share the same shape and
color. Relational metaphors are ones in which the base and
target share relations or systems of relations. For example, in
the metaphor Bthe mind is a kitchen,^ the base and target share
the same relation to another entity (the place in which a meal
or an idea is constructed over time). When aligning the representations of a metaphor’s base and target, the goal is to find
the maximal structurally consistent alignment (Falkenhainer
et al., 1989; Gentner & Markman, 1997; Markman & Gentner,
1993). According to the systematicity principle (Clement &
Gentner, 1991; Gentner, 1983), there is a bias for deeper alignments, ones in which lower-order matches, such as those between objects, are connected by higher-order relations. All
else being equal, matches based on larger, deeper relational
systems, such as the ones shared by the base and target in
relational metaphors, are preferred over shallow matches, such
as the concrete properties shared by the base and target in
attributive metaphors.
In addition to alignment type, metaphors vary by the word
class of the base. Although most work on metaphor has examined noun-based, nominal metaphors, other types of word
classes are frequently extended metaphorically, including
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verbs (BMary ran for office^), prepositions (BLucy is in love^),
and adjectives (BJane has a sweet heart^; e.g., Cameron, 2003;
Steen et al., 2010). As is the case for nominal metaphors, the
meaning of these metaphors’ base terms in context extends
beyond their basic, concrete sense(s). Some accounts have
suggested that noun- and verb-based metaphors are processed
in the same way (e.g., Torreano, Cacciari, & Glucksberg,
2005), whereas other accounts have suggested different processes (e.g., Chen, Widick, & Chatterjee, 2008). Given this
uncertainty, we will examine whether noun and verb metaphors result in abstraction through the same or through different processes.

Metaphor and embodiment
Two possible embodied cognition views might account for
how metaphor use can promote abstraction. Under a stronger
embodied view (e.g., Gallese & Lakoff, 2005; Gibbs, 2006b;
Gibbs, Costa Lima, & Francozo, 2004; N. L. Wilson & Gibbs,
2007), metaphor comprehension, like literal language comprehension, relies on sensorimotor simulation. In order to understand a metaphor such as Bnegotiation is a tool,^ we simulate what we know about the base concept tool, drawing on
past situations in which tools have been used, and then use that
knowledge to map onto the abstract target concept
negotiation. This view predicts that using a metaphor activates
the sensorimotor systems typically associated with experiencing the base concept in the metaphor. Using a metaphor whose
base involves a spatial dimension (e.g., Bhe’s feeling down^)
should activate sensory systems related to processing
space. Using a metaphor whose base names a manner
of movement (e.g., Brun for office^) should activate the
motor or the visual motion system. Using a metaphor
whose base involves gustatory information (e.g., Bsweet
compliment^) should activate the gustatory system. This
activation should occur even for conventional metaphors, since processing the meaning of the base term
requires sensorimotor simulation.
Some versions of this account (e.g., Barsalou, 1999), have
proposed that extremely familiar metaphors could use polysemy—that is, that the base could be interpreted directly by
drawing on an existing word sense. For example, if the verb
explode is often used in the context of describing emotion,
then the conventional metaphor BJohn exploded with anger^
might activate a simulation of angry behavior instead of a
simulation of physical explosions. However, this account
has not explained how these abstract word meanings are acquired in the first place.
Under a weaker embodied account (e.g., Boroditsky, 2000;
Boroditsky & Ramscar, 2002; Chatterjee, 2010; Wolff &
Gentner, 2011), comprehending novel metaphors draws on
sensorimotor information about the base, but the

representation of the base can become abstracted through repeated metaphoric use.1 The career-of-metaphor account
(Bowdle & Gentner, 2005; Gentner & Bowdle, 2001;
Gentner & Wolff, 1997, 2000) offers a possible explanation
for how repeated metaphoric use results in abstraction. According to this view, novel metaphors are understood by
aligning the representations of the target and the base. This
alignment highlights any structure that the representations
share, with relational commonalities being preferred over surface ones. For example, for the novel metaphor Bnegotiation is
a muscle,^ aligning the representations of the base and target
identifies what the two have in common (e.g., both enhance
with training). If the same abstraction is derived from multiple
alignments between a base and the target(s), it can be
crystalized and stored as a new sense of the base term. For
example, if after encountering Bnegotiation is a muscle,^
someone encountered other metaphors that made mappings
with similar structural alignments, such as Breading is a muscle,^ Bconcentration is a muscle,^ Bsmall talk is a muscle,^ and
so forth, the person could then store the abstraction (i.e., an
attribute that enhances with practice) as an additional (and
salient, if used often enough) sense of the term muscle.
Two important characteristics derive from the metaphorical
abstraction process: relational highlighting and sensorimotor
shedding. When two representations are aligned, the alignment process favors deeper relational matches over shallow,
surface-based matches (Clement & Gentner, 1991). People
prefer relational metaphors to attributive metaphors (Gentner
& Clement, 1988; Zharikov & Gentner, 2002), and relational
similarity is correlated with aptness (Gentner & Clement,
1988). Therefore, people may be more likely to repeat metaphors with deep relational matches, since these metaphors are
apt and revealing. Over time, only those sensorimotor properties of the base that were repeatedly drawn on in metaphoric
mappings will remain salient, whereas the rest are shed.
So far, we have focused on abstraction that results from
repeated alignments between a base and different targets. This
account can also be extended to explain how a novel abstract
target concept can be built up by drawing on multiple concrete
base domains. We suggest that abstract concepts begin as
underspecified placeholders whose representations are subsequently built up, among other ways, through metaphoric mappings. For example, a learner might hear a novel word and
identify the word as being abstract on the basis of cues such as
word length and inflection (e.g., identifying the word
independence as abstract because it is long and inflected;
Reilly, Westbury, Kean, & Peelle, 2012). The learner could
then create an underspecified representation of the concept
1
This idea can be contrasted with previous proposals that repeated metaphoric use can result in conventionalized schemas (e.g., the container
schema—BI’ve had a full life,^ Bthere are good ideas in your argument^)
and conventional correspondences between domains (e.g., space to time),
but not abstraction of the metaphoric base (Lakoff & Johnson, 1980).
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that contained any information that could be gleaned from the
word’s contexts. Metaphors would allow the learner to build
up and constrain this initial representation. The first metaphoric mapping from a concrete base domain to the target could be
used to project inferences about the target. Subsequent metaphoric mappings would result in further inferences and act to
constrain the representation. The relational patterns and sensorimotor properties common to the many metaphoric mappings between the target and the different bases would then be
integrated into the full representation of the target. If the base
domains are quite diverse (e.g., space, taste, visual motion),
the resulting target representation would likely be sparse in
sensorimotor detail but rich in relational information—the
hallmarks of an abstract concept.
This idea differs from some previous accounts (e.g., Gibbs,
1994; Lakoff, 1987; Lakoff & Johnson, 1980), which have
proposed that abstract concepts are represented in terms of
concrete domains (i.e., that there is no independent representation of abstract concepts). According to the present account,
knowledge drawn from concrete bases is used to build up the
representation of an abstract concept that can then be used
without drawing on the concrete domains that informed it.
As we outlined earlier, in addition to noun metaphors,
verbs, prepositions, and adjectives are also frequently used
figuratively. How would abstraction occur for these types of
metaphors? By way of illustration, we consider verb metaphors. Relatively few accounts have been put forward to explain how verb metaphors are understood (e.g., Chen et al.,
2008; Frisson & Pickering, 2001; Torreano et al., 2005). According to Chen et al.’s (2008) account, verbs have sensorimotor features as well as more abstract features, and metaphorical uses of verbs are understood by highlighting those
features that are in accordance with the verbs’ linguistic context (e.g., the nouns it is paired with). This idea is consistent
with evidence that if the noun does not fit the selectional
restrictions of the verb, as occurs in metaphor, the meaning
of the verb adjusts more than the meaning of the noun
(Gentner & France, 1988).
The spatial and motion features of an action named by a
verb are likely to hold only for typical agents and patients of
that action. For example, the action named by the verb gallop
involves four legs being off the ground at the same time if the
agent has four legs. If a person is galloping, that sensorimotor
feature no longer holds. If a verb’s meaning adjusts depending
on the nouns with which it is paired, then if it is paired with an
atypical agent or patient, the sensorimotor features incompatible with the noun pairing will not be incorporated into its
meaning. In contrast, verbs maintain their relational meanings
even when paired with atypical agents or patients. For example, the verb clean conveys removing a mess. This relational
meaning applies with a typical agent (Sal cleaned the floor),
and is retained with an atypical agent (the software cleaned the
hard drive).

If a verb is extended metaphorically in a novel way—for
example, in the metaphor Bthe emails galloped into her
phone^—the sentence is understood by using the linguistic
context to adjust the meaning of the verb. If that particular
meaning of the verb (e.g., gallop meaning Bentering quickly
and dramatically^) were repeated frequently enough (e.g.,
Bnew clients galloped into the organization,^ Bproblems
galloped into their marriage,^ etc.), that meaning would be
highlighted and would become a salient sense of the verb.
This new sense retains the verb’s relational meaning, and even
retains some sense of speed, but lacks much of the verb’s
concrete sensorimotor associations, such as the specific manner of motion involved in the movement of limbs.
Regardless of whether nouns or verbs are used figuratively,
there are advantages to deriving a metaphoric abstraction instead of repeatedly drawing on a full representation of the
metaphoric base. As compared to the metaphoric base, the
abstraction is more productive and flexible. Since the abstraction is confined by fewer surface (sensorimotor) features, it
can be aligned with new targets more easily, because the alignment does not involve matching many surface features. Learning the abstraction and its applications in new contexts
provides a powerful heuristic by which new abstract ideas
can be formulated from and informed by old concrete
experiences.

Embodiment and behavioral studies of metaphor
Metaphors frame our thinking. They help us reason about
unfamiliar abstract domains and influence our representation
of those domains. For example, Thibodeau and Boroditsky
(2011) found that metaphors affected the conceptualization
of crime. If crime was described as a Bbeast preying on^ a
fictional town, people recommended catching and
imprisoning criminals. Alternatively, if crime was described
as a Bvirus infecting^ the town, people were more likely to
recommend investigating its causes and Binoculating^ the
community. The base of the metaphor framed how people
thought about the problem and the solutions they favored.
Similarly, metaphor allows people to reason about the abstract
domain of time by drawing on the more familiar and readily
observable domain of spatial movement. Physical movement
in space (whether real or imagined) has been found to influence the conceptualization of time (Boroditsky, 2000;
Boroditsky & Ramscar, 2002). Along with work demonstrating other cross-domain mappings from concrete to more abstract domains (e.g., Ackerman, Nocera, & Bargh, 2010;
Chiao et al., 2009; Meier & Robinson, 2004), the results from
these studies are evidence that our understanding of the physical world can shape our representations and reasoning about
abstract concepts.
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According to the embodiment views outlined earlier, metaphor comprehension draws initially on sensorimotor experience. In line with this view, physical movement can facilitate
metaphor comprehension. N. L. Wilson and Gibbs (2007)
found that people were faster to assess whether or not a sentence was meaningful if they had performed (or imagined
performing) a congruent motion before reading a metaphor
(e.g., a grasping motion before reading Bgrasp a concept^),
suggesting that comprehension of the metaphorical term
grasp draws from simulation of its literal meaning. Further evidence has come from Richardson, Spivey,
Barsalou, and McRae (2003), who found that readers
simulate horizontal and vertical paths that are implied
by both concrete and abstract verbs (e.g., push vs. lift,
argue vs. respect). The spatial orientation implied by the
verb affected later performance on a visual discrimination task and on the encoding of a visual memory.
According to a strong embodiment view, metaphor comprehension relies on automatic and obligatory sensorimotor
simulation. Such comprehension might become faster or more
efficient with increased experience with a particular metaphorical mapping, but it will not be eliminated even for conventional metaphorical uses. According to a weaker embodiment
view, repeated metaphoric use should result in abstraction. In
line with the weaker view, there is linguistic support for the
idea that the mode of metaphor processing shifts over the
course of familiarization. When people encounter a novel
mapping between a target and a base, they prefer that it be
expressed in simile form (e.g., an obsession is like a tumor vs.
an obsession is a tumor), which makes explicit the comparison
involved (Bowdle & Gentner, 2005). However, after repeatedly encountering similar mappings between a base
and different targets (e.g., Bdoubt is like a tumor,^ Ba
grudge is like a tumor^), their preference for the metaphor form (Ban obsession is a tumor^) increases
(Bowdle & Gentner, 2005). This shift in preference suggests that an explicit comparison between the base and
targets becomes less necessary over the course of familiarization. Instead, people align new targets with the
metaphoric abstraction derived from the mappings, and
categorize them as members of an abstract category now
exemplified by the base.
Both the strong and weak embodiment views predict that
familiarization should increase the speed of metaphor comprehension. In line with this prediction, conventional metaphors
are processed faster than novel ones (Blank, 1988; Bowdle &
Gentner, 2005; Gentner & Wolff, 1997). Under a strong embodiment view, this is because of improved speed or efficiency of simulation. Under a weaker view, this is because
aligning a target with a metaphoric abstraction is less computationally costly than aligning a target with a novel metaphoric
base. Once a metaphor is familiar (e.g., Bloneliness is a desert^) and the base term (desert) has been used frequently

enough to become polysemous, the base simultaneously activates a literal concept (a sandy, hot place) and an abstract category (void of people) (Gentner & Wolff,
1997). Using a cross-modal priming experiment,
Blasko and Connine (1993) showed that metaphoric
and literal meanings are both equally accessible, but
only for metaphors that are highly familiar (or highly
apt). Neural studies, as we will discuss below, might
offer methods that could adjudicate between strong and
weak embodied accounts that are not distinguished
easily by behavioral methods alone.
The abstract metaphoric meaning of a base term may be
accessed even before its literal meaning. Giora (1997, 1999,
2003) proposed that most words have multiple meanings that
vary in their salience. A metaphorical meaning that is highly
salient can be accessed first, and the metaphor will be
understood rapidly. When this meaning is not salient, it will
be understood more slowly. Glucksberg, Newsome, and
Goldvarg (2001) suggested that a base term’s metaphoric
meaning can become salient through context or priming. They
asked people first to read a metaphor (e.g., Bmy lawyer is a
shark^) and then to verify literal statements about the base
(shark). Metaphor priming inhibited access to the information
associated with the literal meaning of the base (e.g., sharks are
good swimmers), leading to significantly longer response
times than when people were primed with literal statements
(e.g., Bhammerhead is a species of shark^). In a similar study,
Glucksberg, McGlone, and Manfredi (1997) found that priming an attribute of the literal meaning of a base interfered with
access to its metaphorical meaning. The metaphorical meaning of a word or phrase can become its default, most salient
meaning given the right context, through priming or through
repeated exposure.
If repeated frequently enough, metaphorical meanings become conventionalized within a language, resulting in polysemy (e.g., Gibbs, 1994; Glucksberg & Keysar, 1990; Lehrer,
1990; Miller, 1979; Sweetser, 1990). Metaphors can also lead
to a shift in word meaning over time. For example, spatial
terms have come to have dominant temporal meanings
through metaphoric extension (e.g., Heine, 1997; Traugott,
1978), and words related to sensory perception to have meanings related to mental activity (e.g., BI see that point^;
Sweetser, 1990).
Historically, abstract, figurative meanings appear later than
the literal meaning in written language (Zharikov & Gentner,
2002). The literal meaning of the word sanctuary (i.e., a holy
building), for example, first appeared in text in 1340. By 1685,
however, the same word was also used figuratively to mean a
safe space (Zharikov & Gentner, 2002). Together, these findings support the idea that repeated metaphoric uses result in
abstractions that are stored as additional word senses,
both for individual people and for a population of
speakers of a language.
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Embodiment and neural studies of metaphor
According to a strong embodiment view, simulation is both
automatic and necessary for understanding language, with
conceptual access requiring reactivation of the sensorimotor
activity needed for a concept’s perception and execution. Under this view, even abstract ideas are understood through concrete concepts, and thus are mediated by the same sensorimotor simulations and neural structures (e.g., Gallese & Lakoff,
2005; Gibbs, 2006b; Gibbs, Costa Lima, & Francozo, 2004;
N. L. Wilson & Gibbs, 2007). In the case of action verbs, for
instance, both literal and figurative usages are predicted to rely
on motor areas. In support of this view, words referring to
literal actions by specific body parts appear to engage motor/
premotor cortex, and in a manner loosely consistent with the
somatotopic organization of these regions (Hauk, Johnsrude,
& Pulvermüller, 2004; Kemmerer, Castillo, Talavage,
Patterson, & Wiley, 2008; Tettamanti et al., 2005). Evidence
for semantic somatotopy in the case of figurative uses of action words, however, is mixed. Some studies have indicated
somatotopic activation in motor areas when participants read
both literal (BJohn grasped the object^) and idiomatic (BJohn
grasped the idea^) uses of action verbs (Boulenger, Hauk, &
Pulvermüller, 2009; Boulenger, Shtyrov, & Pulvermüller,
2012), whereas others have observed motor activation only
for literal, but not for idiomatic, senses (Aziz-Zadeh, Wilson,
Rizzolatti, & Iacoboni, 2006; Raposo, Moss, Stamatakis, &
Tyler, 2009).
These mixed results are further challenged by the larger
literature on action-verb processing, which does not indicate
consistent motor activation even in literal usage (for a recent
meta-analysis, see Watson, Cardillo, Ianni, & Chatterjee,
2013). These discrepancies suggest that motor engagement
may depend on the task, context, participant experience with
the actions, or some combination of these factors. Furthermore, our experience with actions entails their observation
as well as their execution, suggesting a role for perceptual
and not just motor simulations in understanding action words,
even within an embodiment framework.
This more broadly construed embodied hypothesis has
been tested in several recent investigations of literal and figurative extensions of verbs with salient motion features. Of
critical interest is whether motion words activate area MT+,
primary cortex for visual motion perception (Tootell et al.,
1995), and adjacent secondary areas including posterior middle temporal gyrus (pMTG), an area responsive to words with
motion associations (Kable, Kan, Wilson, Thompson-Schill,
& Chatterjee, 2005; Kable, Lease-Spellmeyer, & Chatterjee,
2002). Consistent with embodiment predictions, motionsensitive cortex is more strongly activated when reading about
literal motion rather than non-motion (Humphreys, Newling,
Jennings, & Gennari, 2013; Wallentin et al., 2011), and when
reading sentences with figurative extensions of motion verbs,

whether they are used metaphorically (BThe man fell under her
spell^; Chen et al., 2008) or to convey fictive motion (BThe
pipe goes into the house^; Saygin, McCullough, Alac, &
Emmorey, 2010; Wallentin, Lund, Östergaard, Östergaard, &
Roepstorff, 2005; Wallentin, Östergaard, Lund, Östergaard, &
Roepstorff, 2005). Notably, in all but one of these studies
(Saygin et al., 2010), motion verbs did not engage primary
motion perception cortex, MT+, but instead neighboring cortex, such as pMTG.2 According to a strong embodiment view,
which posits automatic and obligatory simulation, we would
expect to see primary sensorimotor activation for both literal
and figurative motion verb uses. The pattern of results is not
consistent with this view. Instead, figurative uses seem to engage secondary areas anterior to primary motion cortex, which
may process more abstracted conceptual representations of
motion (Chatterjee, 2008), consistent with a weaker version
of the embodiment hypothesis.
Although most fMRI studies of embodiment have focused
on motion verbs, embodied accounts predict sensory engagement for whatever modality is most salient to a word’s meaning. Citron and Goldberg (2014) considered the domain of
taste, observing greater recruitment of both primary and secondary gustatory areas for taste as compared to nontaste
words, and for metaphoric as compared to literal senses of
taste words (BShe received a sweet/nice compliment^). Lacey,
Stilla, and Sathian (2012) considered the domain of texture,
observing greater recruitment of some, but not all, non-primary
texture-selective sensory regions for metaphoric relative to
literal senses of texture words (BShe had a rough/bad day^).
The inconsistent recruitment of primary sensorimotor areas
argues against claims of obligatory and automatic simulations,
suggesting instead that secondary association cortices may be
sufficient for representing linguistically coded concepts. Importantly, most of the reviewed studies have relied on reverse
inference to assign sensorimotor functions to activated regions
or have used anatomically defined regions of interest. To more
vigorously test embodied hypotheses, studies would need to
examine activation within areas defined by sensory and motor
functional localizers.
Thus, neuroimaging has provided substantial evidence for
the sensorimotor grounding of metaphors, but has only partially supported strong claims for obligatory reactivation of
the same neural processes required for perception and action.
We suggest, in agreement with others (Aziz-Zadeh &
Damasio, 2008; Cardillo, Schmidt, Kranjec, & Chatterjee,
2010; Desai, Binder, & Conant, 2011), that the mixed support
for primary sensorimotor cortex reactivation underscores the
importance of metaphor diversity. The strength of
2
One possible reason for the differences in results across studies may be
the variability of MT+ locations across people. Only the Humphreys et al.
(2013) and Saygin et al. (2010) studies used MT+ functional localizers.
The discrepancy in findings across studies underscores the importance of
including functional localizers to identify regions of interest.
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sensorimotor features in a particular word use (e.g., Lebois,
Wilson-Mendenhall, & Barsalou, 2014; Zwaan & Taylor,
2006) and participants’ familiarity with a more abstract sense
(e.g., Giora, 1997, 1999; Mashal, Faust, Hendler, & JungBeeman, 2007) may be strong modulators of cognitive and
neural processing. Consistent with this view, Desai et al.
(2011) observed comparable activation of secondary sensorimotor areas associated with action planning and coordination
for literal and metaphoric sentences of arm/hand action verbs,
whereas activity in primary motor areas was negatively correlated with familiarity in both conditions (see also Obert et al.,
2014). This result suggests that failures to observe motor cortex engagement in previous studies (Aziz-Zadeh et al., 2006;
Raposo et al., 2009) occurred because highly conventional,
idiomatic sentences were tested. Sensorimotor features were
irrelevant to the idiomatic senses of the verbs, which have
been sufficiently overlearned to become lexicalized, obviating
the need to extrapolate from a simulation of the literal sense. A
novel sense, however, requires online abstraction, a process
entailing initial activation of a word’s literal sense via sensorimotor simulation and subsequent, rapid selection and integration only of those features aligned to create the metaphorical meaning. With repeated exposure to a novel metaphor,
people learn and store the abstraction as another sense of the
metaphor base. They can then resolve the meaning of a subsequently encountered metaphor with the same base term by
drawing on this abstraction instead of by simulating the base’s
literal sense. Therefore, the strength of sensorimotor engagement in metaphor may reflect the degree of experience that
people have with deriving a metaphoric abstraction (Cardillo,
Watson, Schmidt, Kranjec, & Chatterjee, 2013).
According to a weaker embodiment view, a metaphor’s
sensorimotor grounding will also vary depending on the
strength of sensorimotor features in the metaphoric abstraction. For example, attributive metaphors (Bthe sun is a tangerine^) should result in metaphoric abstractions that retain more
sensorimotor features than do relational metaphors (Bthe mind
is a kitchen^). The same view can be extended to other figurative uses, such as fictive motion, which should retain some
sensorimotor features of literal motion, and idiomatic uses,
which should retain few, if any, sensorimotor features.
Studies directly comparing figurative expressions varying
in the strength of sensorimotor features support this graded
view. For instance, a comparison of literal, metaphoric, and
idiomatic uses of action verbs to abstract sentences has indicated sensorimotor grounding in a secondary actionprocessing area (anterior inferior parietal lobule) for literal
and metaphoric but not for idiomatic senses, and a linear trend
paralleling the verb uses degrees of sensorimotor abstraction
(i.e., literal > metaphoric > idiomatic > abstract; Desai, Conant,
Binder, Park, & Seidenberg, 2013). Similar graded observations have been made in fMRI and transcranial magnetic stimulation (TMS) studies comparing literal, fictive, metaphoric,

and idiomatic extensions of motion verbs (Cacciari
et al., 2011; Romero Lauro, Mattavelli, Papagno, &
Tettamanti, 2013).
Taken together, we argue that neural studies of metaphor
comprehension support weak embodiment accounts, in which
sensorimotor grounding is most likely when the sensorimotor
features of a word are especially relevant for comprehension
(as when encountering novel metaphoric uses), but is otherwise optional or epiphenomenal. Furthermore, the degree of
sensorimotor grounding is graded by the strength of sensorimotor features in abstracted senses and by our experience with
those abstractions. We predict that less familiar and less abstract senses will be more strongly grounded in modalityspecific cortex, and that the processing of more familiar and
more abstract senses will be neurally shifted toward
perisylvian language areas. However, it remains to be seen
whether sensorimotor engagement is ever necessary for comprehension. To convincingly argue against an epiphenomenal
or facilitatory interpretation, patient or virtual lesion (i.e.,
TMS) investigations demonstrating that the inability to draw
upon relevant sensorimotor cortices impairs comprehension
would be needed.3 However, our main point and prediction
remains that if repeated metaphor use is a vehicle by which
humans abstract, then the comprehension of metaphors over
time should become less likely to be grounded in sensorimotor
cortices.

Conclusions
Embodiment accounts have become a dominant frame for
thinking about cognitive processes. However, such accounts
face an obvious question: If cognition is grounded in sensory
and motor systems, how do humans escape this grounding to
engage in abstract thoughts and think relationally? We suggest
that metaphor is one vehicle that guides the development and
use of abstract concepts. Repeatedly drawing on particular
aspects of concrete entities and events in order to highlight
their abstract relational properties extends our conceptual
reach beyond the grounding provided by sensorimotor systems. These abstract representations can be flexibly applied
to new situations and serve as a powerful heuristic to understand new situations using the relational lessons learned from
old ones.
3
Some initial evidence suggesting that a form of motor engagement may
be necessary for figurative language comprehension has come from a
study showing that Parkinson’s patients were impaired (slower) in understanding literal action sentences (BThe sailor pulled the rope around the
mast^) and idiomatic action sentences (BThe bank pulled the plug on the
deal^), but not sentences that involved abstract verbs (BThe violent film
changed all of his ideas^), as compared to control participants (Fernardino
et al., 2013). However, even this study implicated impairments of higherorder motor control circuits instantiated through the basal ganglia, rather
than primary motor outflow.
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