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Abstract

This paper addresses the debated issue of abstract language in the framework of embodiment. First, we discuss the notion
of abstractness in the light of the Western philosophical thought, with a focus on the English empiricist tradition. Second,
we review the most relevant psychological models and neuroscientific empirical findings on abstract language. It turns out
that abstract words are not such, because their meaning is “far from experience”, but, because of the high complexity of
the attached experiential clusters. Finally, we spell out the consequences of this understanding of abstractness in relation
to the neural mechanisms subserving abstract language processing. If abstract words, as compared to concrete ones, imply
an increasing complexity of the associated experiential clusters, then the processing of abstract language relies on the
recruitment of several neural substrates coding for those experiences. We forward that, at the neural level, this complexity is
coded by means of three main mechanisms: (1) the recruitment of the motor representations of different biological effectors
(abstract meaning as effector-unspecific); (2) the recruitment of different systems, including sensory, motor, and emotional
ones (abstract meaning as multi-systemic); (3) the recruitment of neural substrates coding for social contexts and levels of
self-relatedness (abstract meaning as dynamic). As compared to the current approaches in the literature on abstract language
that combine embodiment with some a-modal aspects, our proposal is fully embodied and rules out additional aspects. Our
proposal may spur future empirical research on abstract language in the embodied approach.
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the “classical view”, claiming that language is essentially
a-modal and mastered by specifically dedicated neural struc-
tures (e.g.: Fodor 1975; Pylyshyn 1984; Mahon and Car-
amazza 2005, 2008; Chatterjee 2010).

One can say that embodied language more and more
configures itself as an emerging scientific paradigm (Kuhn
1962) for studying language from the neuroscientific stand-
point. Since it progressively and successfully addresses spe-
cific issues about human language and its brain correlates,
embodiment may be considered as a “progressive research
program” (Lakatos 1970). Moreover, it shows a significant
potential for future achievements: it is “prospectively fruit-
ful” (Colage 2014; see also Auletta et al. 2011, pp. 27-50).
As for any emerging paradigmatic approach; however,
embodied language has to face several issues that are hard
to explain within its theoretical framework.

The embodied approach to language has achieved signifi-
cant empirical results, especially as far as words expressing
concrete contents are concerned. For example, during the
processing of verbs expressing concrete actions, there is a
clear involvement of different sectors of the motor system
where the effectors involved in the actual execution of those
actions are motorically represented (Hauk 2004; Buccino
et al. 2005; Tettamanti et al. 2005; Aziz-Zadeh et al. 2006).
Moreover, behavioral results (Buccino et al. 2005; Bou-
lenger et al. 2006; Sato et al. 2008; Dalla Volta et al. 2009)
show that the motor responses are modulated by processing
verbs involving the responding effector. Similar results were
obtained during the processing of nouns (Marino et al. 2013,
2014; Gough et al. 2012, 2013; Tucker and Ellis 2004; for
review on object processing, see Martin 2007), even when
expressed in a second language (Buccino et al. 2017).

By reviewing the empirical evidence supporting the
embodied perspective for concrete language, a recent paper
(Buccino et al. 2016) also suggested that the meaning of a
linguistic expression derives from actual, real-life experi-
ences, and is, therefore, grounded in the neural substrates
underpinning those experiences. From this viewpoint, a
major challenge for embodiment is to explain how abstract
language is coded in the brain, as it is hard to see how the
meaning of abstract linguistic items should rely on modality-
specific brain systems and ultimately derive from the speak-
ers’ concrete experiences. This difficulty is reflected by the
relative scarcity of empirical findings concerning the brain
correlates of abstract language processing and by the variety
of theoretical stances about this issue (for recent reviews,
see Binder et al. 2009; Wang et al. 2010; Kemmerer 2015).

The main aim of the present review is discussing abstract
language within the embodied approach. First, we will
inquire into key conceptual issues, trying to clarify the very
notion of abstractness in the light of the Western philosophi-
cal thought, with a special focus on the British empiricist
tradition. We will argue that words usually considered
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abstract in the scientific literature owe their “abstractness”
to the high complexity of the experiential clusters to which
they refer, rather than to a supposed detachment from experi-
ence. Second, we will review relevant theoretical and psy-
chological approaches and empirical findings concerning the
embodied approach to abstract language. Finally, we will
bridge the previous sections spelling out the consequences
of the mentioned understanding of abstractness. By review-
ing the current literature on abstract language, we will keep
the same perspective taken in a previous review (Buccino
et al. 2016) devoted to concrete language. We will argue
that experience is at the basis of abstract words as well as of
concrete ones, the difference being in terms of the complex-
ity of the related experiences and the underlying neural sub-
strates. We will forward that the neural substrates engaged
in processing abstract language are not distinct from those
engaged by concrete language; rather, these very same sub-
strates intervene in processing abstract words in a combined
manner. Such a combined interaction grounds the complex-
ity of abstract words meaning. We will define this complex-
ity in terms of an increase in (1) the number of biological
effectors (hand, foot, and mouth) recruited; (2) the number
of systems (sensory, motor, and emotional) involved; and (3)
the number and variety of associated contexts and situations.

Abstractness in philosophy

In the present-day dictionaries (e.g., the Oxford Dictionary),
the term “abstract” is usually defined as something related
to thoughts and ideas that do not have concrete or physi-
cal existence, or as something coming from pure reasoning
and unbound from actual experiences and events. Given this
understanding of abstractness, abstract linguistic expressions
would seem, almost in principle, impossible to be dealt with
in terms of embodied language. However, the Western philo-
sophical tradition offers an understanding of abstractness
that turns out to be insightful from the embodied language
perspective.

According to the Aristotelian standpoint, ideas or
essences are not separated entities, but exist in their being
embedded in material and concrete objects (see Book V of
Aristotle’s Metaphysics). Thus, human beings can grasp con-
cepts as they can “abstract” (extrapolate) them from physical
instantiations (see, e.g., Aristotle, De Anima, 429 b 11). Note
that abstraction, in this context, does not refer to categories
of things or to notions that are only present in the mind and
do not have a counterpart in concrete reality; rather, abstrac-
tion points at a general process through which any concept
is formed. The Aristotelian viewpoint underwent develop-
ments that are interesting for what follows in the next sec-
tions, especially as far as the British empiricist tradition is
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concerned. For the aim of the present review, we will focus
on John Locke’s thought.

At the beginning of Book II of An Essay Concerning
Human Understanding (1690), Locke asks whence human
beings can gain their ideas, i.e., all the “materials of reason
and knowledge” constituting their thoughts. The answer is
as simple as thorough: from experience. More specifically,
he states that the only ground of ideas is sensations (i.e.,
the affection that external reality exerts on our senses) and
reflections (i.e., mind’s consideration of its own operations).
In Locke’s view, ideas can be divided into two broad classes,
i.e., simple ideas and complex ones. Simple ideas correspond
to elementary aspects of external reality as grasped by our
senses, such as the coldness or hardness of ice, the white-
ness of a lily, or the sweetness of sugar. Complex ideas (like,
e.g., beauty, gratitude, man, army, and universe) mount up
many different simple ideas already acquired from experi-
ence. Therefore, in Locke’s view, complex ideas have the
same origin as the simple ones, i.e., experience (see Locke
1690, Book II, Ch. 12, n. 8). Complex ideas are such because
of the complexity of the experiences to which they refer. It
is because of this complexity that these ideas are apparently
further from experience than concrete ones.

Interestingly, Book III of Locke’s Essay (1690) is about
words, understood as sounds that are signs of ideas. In this
respect, he distinguishes proper names (e.g., Aristotle, Napo-
leon, Mount Everest, Piccadilly Circus, etc.) from general
terms. Note that the names of both simple and complex ideas
(as defined above) belong to the class of general terms. Thus,
both concrete and abstract words are included in the cat-
egory of general terms. Consequently, the meaning of gen-
eral terms is always grounded in the experience they point
at; the only difference is that the experience is simpler in the
case of nouns of simple ideas and more complex for nouns
of complex ideas.

Locke’s philosophy might seem naive in comparison with
the complications of post-linguistic-turn philosophy of lan-
guage, as the linguistic turn tended to link tightly the issue
of language with those of formal logic and truth (e.g., Frege
1892; Russell 1905; see also Colage 2013). However, phi-
losophers like Willard Van Orman Quine (1953), Wilfrid
Sellars (1950, 1956), and Richard Rorty (1979) essentially
addressed Locke’s problems about ideas and words. Rorty
says that: “The picture of ancient and medieval philosophy
as concerned with things, the philosophy of the seven-
teenth through the nineteenth centuries with ideas, and the
enlightened contemporary philosophical scene with words
has considerable plausibility” (Rorty 1979, p. 263). The
point that we would like to stress is that Locke’s thought
(as representative of the empiricist tradition) allows one to
identify experience as the ground for humans’ dealing with
things, ideas, and words. This seems particularly helpful in
addressing the issue of linguistic meaning (especially of the

so-called “abstract” language) from the viewpoint of the
neuroscience of language in the embodied perspective. To
this aim, Locke’s insights may be summarized as it follows:

1. Words express ideas. As ideas are rooted in actual expe-
riences, words come to name simple or complex experi-
ences.

2. With the sole exception of proper names, all words
express general ideas and not ideas of single particu-
lar things. This means that, for example, both words
like “cup” and words like “virtue” are abstract words.
Consequently, the dictionary definitions of the term
“abstract” summarized at the beginning of this sec-
tion are not entirely coherent with such a conception of
abstractness.

3. When considering different kinds of ideas, therefore,
the key distinction is not between abstract and concrete
ones, but between more or less complex ones. Words
like “cup” are different from words like “virtue” because
of the different degree of complexity of the underlying
experiences. Recall that for Locke ideas always come
from experiences, either directly or indirectly.

Theoretical frameworks in psychology
and neuroscience

In this section, we will present the main theoretical frame-
works elaborated in the last 50 years to address the issue of
abstract language.

Since the 1970s, psychologist Allan Paivio proposed
the so-called “dual-coding” theory, according to which
cognitive processes involve the activity of two distinct sys-
tems: a verbal system (operating in the language domain)
and a non-verbal, “imagery” system dedicated to real
objects and events (Paivio 1971, 1986, 1991). According
to Paivio, these two systems are built upon distinct internal
representation units: the “logogens” for the verbal sys-
tem, and the “imagens” for the non-verbal one. Logogens
and imagens are modality-specific, and activate when an
individual recognizes, manipulates, or simply thinks of
words or objects, respectively. This implies that logogens
represent specific sensory or motor properties relative to
verbal labels, whereas imagens represent object properties
from different sensory modalities. For instance, an imagen
would represent the shape and color of an apple in the vis-
ual format, and another imagen would represent the scent
of the apple in the olfactory format. On the other hand, a
logogen for the word “apple” would represent the sound
of the word, and another logogen would represent the set
of motor commands to utter the word. Given the difficulty
in imaging the content of abstract words, the dual-coding
theory claims that abstract words are represented only
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through logogens, whereas concrete words would activate
both logogens and imagens, thus having a dual codifica-
tion. The dual codification of concrete words, which also
involves the non-verbal system, should be at the basis of
the well-known “concreteness effect”, according to which
concrete words have advantage over abstract ones in terms
of both recalling and recognition (James 1975; Whaley
1978; Rubin 1980).

Another proposal, labeled the “context-availability”
approach, instead emphasizes that abstract and concrete
words prompt different degrees of accessibility to their
meanings as stored in semantic memory (Schwanenflugel
1991). Semantic information would be coded in a single
a-modal format (i.e., a format independent of sensory and
motor systems). Meaning retrieval is easier for a highly
contextualized word because of strong connections formed
between the phonological and/or orthographical charac-
teristics of the word and (one of) its meanings. When pre-
sented in isolation, abstract words are difficult to understand,
because they usually have multiple meanings; they could
be more easily understood if or when the context provides
elements to disambiguate their meanings (Schwanenflugel
et al. 1988; Schwanenflugel and Shoben 1983; Schwanen-
flugel and Stowe 1989). Concrete words are more easily
understood as they are more steadily and univocally linked
to a physical referent (concreteness effect). For the context-
availability theory, the concreteness effect depends on the
greater ease with which the meaning of concrete words is
retrieved from semantic memory.

Glenberg and Robertson (1999) forwarded the so-called
“indexical hypothesis” of language acquisition, which
attributes a key role to the brain motor system for process-
ing both concrete and abstract action verbs. According to
this hypothesis, for example, children learn the meaning of
a verb expressing the transfer of an object, like “to give”, as
they associate an action schema to the verb. Such an action
schema is specified by a set of parameters like the direction
of movement (e.g., from a giver to a receiver) and a transfer
mode (e.g., a specific hand-prehension suitable for object
transfer). Action schemas are essential for motor control and
are coded in the pre-motor cortex. During language acquisi-
tion, an action schema is repeatedly associated, for example,
with usages of the verb “to give”, so that the action schema
itself would also come to ground the meaning of the verb.
By modifying the parameters of the transfer mode, the same
action schema can be applied to other verbs like “to deliver”
or “to throw”. Eventually, the action schema might become
the ground for linguistic expressions of abstract transfer
modes (Glenberg and Kaschak 2002), like in the sentence
“Lisa tells the tale to the child”. In this case, one could con-
sider the action of telling (i.e., a mode of verbal communi-
cation) as a specific value of the transfer-mode parameter:
Lisa (the agent) transfers (or “gives”) the tale (the “object”)
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to the child (the receiver) by uttering a sequence of words
(the transfer mode).

Other developments stressed that, like concrete language,
also abstract language can be ultimately rooted in sensori-
motor experiences (Barsalou 1999; Barsalou and Wiemer-
Hastings 2005; Wilson-Mendenhall et al. 2011, 2013a, b;
Kiefer and Pulvermueller 2012; Pulvermiiller 2013). Fol-
lowing these developments, abstract contents are seen as
usually integrated in concrete situations, so that the repeated
exposure to such situations may give raise to the meaning
of abstract terms. Take, for instance, the assertion “the cup
is on the table”. To check whether this assertion is true, an
individual typically forms the image of a cup on a table
(i.e., re-enact previous experiences of cups and tables) and
compares this image with the situation at hand. If the image
corresponds to the real, concrete situation, then the truth
of the assertion is inferred. Now, the concepts of frue and
truth may emerge from repeated experiences of this kind,
so that the meaning of the abstract word “true” (or “truth”)
is still rooted in actual experiences (though at a more com-
plex level than for concrete words, like “cup”). There may
be contexts, like formal logic or high-level mathematics, in
which it is not immediate to ascertain the embodiment of
some notions, e.g., that of differential equation (see, e.g.,
Arbib et al. 2014). This represents a challenge for embodi-
ment that deserves specific treatment and falls outside the
scope of the present review.

A further model (Vigliocco et al. 2009; Kousta et al.
2011) has recently proposed that the meaning of abstract
language can be directly grounded in emotional experiences
rather than in sensory and motor ones. Emotional experi-
ences stem from the perception of specific internal states
of the organism (e.g., an acceleration in hearth pace, a sud-
den sweat, etc.) in response to certain environmental stimuli
(like seeing a wild beast or receiving a harsh scolding from
one’s boss) which induce an emotional state (like fear or
shame). Consequently, according to this model, while the
meaning of concrete language is primarily rooted in neural
substrates underpinning sensorimotor experiences of the
external world, the meaning of abstract language is grounded
in neural substrates involved in processing internal, emo-
tional states.

Another recent proposal, known as the “Words as Tools”
(WAT) approach (Borghi and Cimatti 2009, 2012; Borghi
et al. 2017), shares with the general embodied approach the
idea that all words are grounded in the neural substrates for
actions and experiences, but also suggests that the embodi-
ment of abstract words differs in part from that of concrete
ones. The WAT approach stresses that concrete and abstract
terms are learnt in different contexts and at different ages.
The meaning of a concrete word usually derives from the
direct interaction with the word’s referent (an object or
an event); moreover, many concrete notions are formed in
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individuals well before they acquire any linguistic compe-
tence. The situation is different for abstract notions, like
those of God or virtue. The meaning of the word “God” is
not primarily grounded in the direct experience that some-
body can make of God; rather, according to WAT, the word
“God” is used following conventions established by the com-
munity and the social context in which individuals live, act,
and speak, and eventually on verbal information. The social
origin of the meaning of such abstract words depends on the
fact that their use is controlled by collectively shared rules.
Such socially specified rules lead the individuals to select a
set of bodily states (as well as of internal and external expe-
riences) that come to define the meaning of a certain abstract
word. Therefore, the social use of an abstract word affects
the formation of its meaning in any individual exposed to
a particular social context: in this sense, abstract words are
social tools. Consequently, the WAT approach stresses that
the meaning of concrete words mainly relies on perception
and action, whereas the meaning of abstract words, being
mainly based on social sharing, primarily resorts to a dedi-
cated language system (Borghi et al. 2011, 2017).

It is worth reminding that, also in the field of linguis-
tics, some authors (Lakoff and Johnson 1980) stressed
that several abstract contents are linked to more concrete
ones, and expressed through metaphors. For example, daily
used abstract concepts like love, time, and conflict may be
expressed through concrete nouns like “journey”, “money”,
and “war”. Talking about a romantic relationship, one can
use expressions like: “We have come a long way”, “this love
story leads nowhere”, etc. The authors claim that our con-
ceptual system is for the most part metaphorically struc-
tured. For example, we conceptualize what is not physically
tangible in terms of what is physically tangible (such as our
space notions as drawn from our physical interaction with
the environment). Thus, Lakoff and Johnson (1980) argue
that abstract contents are understood by linking them to
concrete contents directly based on our sensory experience.
Similarly, in the field of cognitive linguistics, it has been
proposed that the conceptual metaphors at the basis of idi-
omatic or even poetical expressions are grounded in recur-
ring bodily experiences (Gibbs 1992; Gibbs et al. 2004). The
initial formulation of this kind of approach did not provide
any hypothesis about the neural substrates mediating words’
meanings. Later, developments (Lakoff 1987; Gibbs and
Steen 1999) proposed that the representation of an abstract
content can be rooted, at least partly, in the same neural
substrates mediating our experiences of the physical world.

As a whole, reviewing the theoretical frameworks pro-
posed to explain how the brain may code abstracts words
unveils that, even among the supporters of embodiment,
there is not a unique view as for concrete words. Actually,
in no case specific neural substrates and mechanisms are
considered the only elements necessary and sufficient to

process abstract words. Besides and beyond modal aspects,
additional a-modal aspects and mechanisms are evoked to
fully grasp abstract contents. As underlined in some recent
reviews on this topic (Dove 2016; Borghi et al. 2017), hybrid
models that take into account modal and a-modal aspects
are generally considered as better means to explain the pro-
cessing of abstract language. In this respect, Dove (2016)
has suggested that abstract concepts pose at least three dis-
tinct problems for embodiment: the problem of generali-
zation (i.e., the capability of building super-ordinate con-
cepts encompassing several subordinate ones), the problem
of flexibility (i.e., the fact that a number of factors—Ilike
physical environments, situations, body states, and current
tasks—affect the way concepts are realized), and the prob-
lem of disembodiment (i.e. the idea that at least some cases
of abstract concepts seem strongly divorced from experien-
tial factors).

Abstract language in the brain

In this section, we will review the available experimental
data, collected through neurophysiological, behavioral, and
brain-imaging techniques, concerning the neural substrates
of abstract language. We will also underline how these find-
ings support one or the other theoretical framework reviewed
above.

As we have seen, the dual-coding theory hypothesizes
the existence of a verbal cognitive system, common to both
abstract and concrete language, and an image-based cogni-
tive system specific to concrete language only. According
to Paivio (1986), the verbal system would be located in the
left, language-specific hemisphere, whereas the image-based
one would be spread in both hemispheres. On the contrary,
the context-availability theory hypothesizes a single seman-
tic system that concrete words would activate in a stronger
way than the abstract ones because of their association to a
richer context.

Clinical studies on split-brain patients or patients with the
other cortical lesions (Coslett and Monsul 1994; Coslett and
Saffran 1989; Coltheart et al. 1980; Zaidel 1978), as well as
electrophysiological studies (Nittono et al. 2002; Holcomb
et al. 1999; Kounios and Holcomb 1994), seem to suggest
that the right hemisphere is much more involved in process-
ing concrete words. The left hemisphere, instead, is similarly
involved in both concrete and abstract terms. However, func-
tional Magnetic Resonance Imaging (fMRI) studies failed
to show a specific role of the right hemisphere in process-
ing concrete words (Noppeney and Price 2004; Fiebach and
Friederici 2003; Grossman et al. 2002; Friederici et al. 2000;
Kiehl et al. 1999; Perani et al. 1999). Thus, the debate about
the degree of specialization of the two hemispheres for either
abstract or concrete language remains open.
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An fMRI study (Binder et al. 2005) compared brain areas
activated during a behavioral task in which participants had
to indicate, pushing a button with a hand, whether letter
strings represented real words or pseudo-words. Though bal-
anced in terms of length, number of syllables, and frequency,
half of the real words were concrete and half were abstract.
The results confirmed that the answers were quicker and
more accurate for concrete words than for abstract words or
pseudo-words (concreteness effect). Moreover, as compared
to pseudo-words, concrete terms activated several cortical
areas in both hemispheres, whereas abstract terms acti-
vated areas only in the left hemisphere. Direct comparison
between concrete and abstract words revealed that the latter
activated left frontal areas. These data are in line with the
predictions of the dual-coding theory: the cortical areas acti-
vated almost identically by abstract and concrete language
are the left inferior and middle temporal gyri, and these
areas could be the substrate of the verbal cognitive system
in Paivio’s hypothesis. Note that the prevalent activation of
areas in the left hemisphere during the processing of abstract
language also fits with the WAT approach that assumes a
specific role of language areas in coding abstract contents.
However, it must be stressed that the left frontal activations
evoked by abstract language coincide with those evoked by
pseudo-words, and are likely the substrates for phonological
processing, short-term memory, and lexical retrieval rather
than for semantic processing (Fiez et al. 1999; Warburton
et al. 1996; Paulesu et al. 1993; Démonet et al. 1992).

While the above studies aimed at assessing subtle dif-
ferences between left and right hemispheres in processing
abstract and concrete language, a number of more recent
studies focused on the role of sensorimotor systems in pro-
cessing abstract language with the aim of supporting one
or the other theoretical framework reviewed in the previous
section. Glenberg and Kaschak (2002) tested the indexical
hypothesis, according to which understanding sentences
expressing either abstract or concrete actions implies a
process of re-enactment of those actions. The idea behind
these studies is that, if our cortical motor system simulates
the actions expressed by a sentence, then this simulation
should affect the execution of a movement of the same body
part involved in the simulation. Participants had to indicate
whether the presented sentences were meaningful or not.
The sentences could describe transfer of concrete objects

ELINT3

(e.g.: “Andy gave you a pizza”, “you gave a pizza to Andy”)
or abstract objects (e.g.: “Lisa told you a story”, “you told
a story to Lisa”). Half of the sentences expressed a trans-
fer towards participant’s body, and the other half a transfer
away from his/her body. Participants gave their responses
by means of a device with three buttons aligned, so that the
first button was close to the participants and the third one
farther: in this way, participants could respond executing a
movement of the hand/arm either in the same direction of
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the transfer expressed by the sentence, or in the opposite
direction. Participants’ responses were faster when the direc-
tion of the movement requested to give the responses was
the same as that of the transfer expressed in the sentence.
Interestingly, this facilitation effect occurred even when sen-
tences expressed transfer of an abstract object. These data
are compatible with the indexical hypothesis. Supporting
this conclusion, a Transcranial Magnetic Stimulation (TMS)
study (Glenberg et al. 2008) revealed a stronger involvement
of the motor areas representing the arm and the hand when
participants had to process sentences expressing transfer of
both concrete and abstract objects, rather than sentences
expressing no transfer at all. An fMRI study (Boulenger
et al. 2009) compared the cortical areas activated during the
visual presentation of concrete literal sentences (e.g., “John
grasps the object”) versus abstract idiomatic sentences (e.g.,
“John grasps the idea”), in which the only difference was
in the word following the verb. Half of the concrete and of
the abstract sentences contained hand-action verbs, whereas
the other halves contained verbs expressing inferior-limb
actions. Words in the sentences were presented sequentially,
one at a time. Cortical activations were assessed within two
time-windows: an early one starting from the presentation
of the word expressing the grammatical item (e.g., “object”
or “idea” in the previous examples), and a late one three
seconds after sentence presentation. The results showed
that, in comparison to a control condition in which strings
of non-linguistic symbols were presented, the presentation
of both literal and idiomatic sentences induced the activa-
tion of left frontal and temporal perisylvian areas usually
considered as core language areas. In addition, activations
were present also in left motor and pre-motor areas. Direct
comparison of activations induced by idiomatic and literal
sentences did not show differential activations, whereas
the inferior frontal gyrus was more active for idiomatic
sentences at both time-windows. Comparing activations
induced by idiomatic sentences containing a hand-action
verb with those containing a foot-action verb revealed sig-
nificant stronger motor activations only at the late time-
window. Specifically, verbs expressing hand actions acti-
vated ventral (hand) motor areas, and verbs expressing foot
actions activated dorsal (foot) motor areas. These results
suggest the suitability of the embodied approach even for
abstract language. The fact that somatotopical activations
are attested only at the late time-window has been inter-
preted by the authors as reflecting semantic processing at
the sentence level rather that at the level of single words.
A possible alternative interpretation could be related to the
concreteness effect: the late somatotopical activation might
reflect the greater computation required by abstract terms
and idiomatic sentences over concrete terms and literal sen-
tences for retrieving appropriate grounding experiences. A
TMS work by Scorolli and colleagues (2012) assessed the
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neural mechanisms of processing sentences containing four
different combinations of abstract and concrete nouns and
verbs (concrete verb and noun, concrete verb and abstract
noun, abstract verb and concrete noun, and abstract verb
and noun). Such an experimental paradigm allows one to
study abstract and concrete expressions along a continuum
rather than as two sharply separated categories. Participants
had to establish whether the sentences were meaningful or
not, and the response was to be given by pushing a pedal.
The words in the sentences were presented on a screen one
at a time; the motor-evoked potentials (MEPs) of a hand
muscle induced by TMS applied on the hand motor cortex
were measured. The TMS impulse could be delivered during
the presentation of either the verb or the noun. In the latter
case, indeed, the MEP amplitude is affected not only by the
noun but also by the previously presented verb, thus giving
insights on the integration of the meaning of the two words.
Response latencies were measured as well. The results have
shown that the hand motor system is recruited by both con-
crete and abstract verbs. In particular, when the verb—noun
integration is possible (meaningful sentence and TMS
impulse delivered at noun presentation) the recruitment of
the motor system is higher for abstract verbs, whereas, when
the verb-noun integration is not allowed (meaningless sen-
tence, and TMS impulse delivered at noun presentation), the
recruitment is higher for concrete verbs. Such result repre-
sents a key support for extending the embodied approach
to abstract language. In addition, the recruitment seems to
be higher when the noun is abstract. The comparison of the
MEP amplitude induced by the impulse delivered at the
time of verb presentation with that induced by the impulse
delivered at the time of noun presentation has revealed that
abstract verbs are associated with a late recruitment of the
hand motor cortex, whereas concrete verbs recruit the hand
motor cortex earlier on. The analysis of the response laten-
cies showed that the task was performed more promptly
when the TMS impulse was delivered at verb presentation
and the sentences contained a concrete verb. The authors
interpreted the results as supporting the WAT approach for
two reasons. First, they suggest embodied processing also
for abstract words; second, abstract words recruit the motor
cortex later than concrete words. Considering that, accord-
ing to the WAT approach, abstract words should be acquired
through explicit and verbal explication by other speakers,
the delay in the recruitment of the hand motor cortex could
be explained, hypothesizing that abstract words first recruit
the mouth motor representation, and only subsequently the
hand motor representation (because of its contiguity with the
former). Another possible interpretation could be that the
delay in the recruitment of the hand motor cortex for abstract
words depends on the need to frame abstract linguistic mate-
rial within a background of other lexical material before the
hand motor cortex can be activated by appropriate stimuli.

The reviewed studies strongly support an involvement of
the sensorimotor systems in processing abstract language,
thus suggesting that abstract and concrete items are not
completely distinct in the brain. Rather, they appear as a
continuum that most likely lead to a recruitment of the sen-
sorimotor systems at different degrees. In keeping with this
notion, two recent fMRI studies (Desai et al. 2011, 2013)
assessed TMRI activations during the processing of literal,
idiomatic, metaphoric, and abstract language. They found
increasing sensorimotor activation from abstract to idiomatic
to metaphoric to literal sentences. The authors conclude that
the sensorimotor system is, indeed, involved also in process-
ing abstract language (including metaphoric and idiomatic
sentences), but additional areas are necessary to process its
meaning depending on how the conventional the message is
and/or on its level of abstractness. There is evidence, indeed,
suggesting that contextual information favoring a non-literal
interpretation of action verbs reduces the fMRI activation of
the motor cortex (Schuil et al. 2013).

One of the additional neural structures that seems to play
a specific role in processing abstract language is the ven-
tro-lateral prefrontal cortex (VLPFC) (Binder et al. 2009).
A study by Hoffman and colleagues (2010) has explic-
itly assessed the role of VLPFC in the comprehension of
abstract words both in normal subjects and in patients with
brain lesions. Participants underwent a comprehension test
in which they had to judge whether two words were syn-
onymous or not: a probe word was presented together with
other three words, only one of which semantically corre-
lated with the probe. The probe word could or could not be
presented after a sentence setting a specific context. The
results showed that patients with lesions in the VLPFC had
more difficulties in understanding abstract over concrete
terms, but their performance bettered significantly when
the sentence contextualized the probe word. In a second
experiment of the same study, the authors inhibited VLPFC
by means of repetitive Transcranial Magnetic Stimulation
(rTMS) in healthy participants. Consistently with findings
in patients, rTMS applied to VLPFC hindered the under-
standing of abstract words, especially in the absence of the
sentence specifying the context. This study suggests that the
VLPEC is crucial in processing abstract words without the
availability of a context as it helps to select one among the
many possible meanings that abstract words usually con-
vey. Indeed, VLPFC involvement is inversely proportional
to the amount of available contextual information. These
results seem to be compatible with the context-availability
theory. A recent study using dense array electroencepha-
lography (EEG) compared spatial and temporal dynamics
of the EEG signal during a task where the participants had
to decide whether a verb presented on a screen was abstract
or concrete (Dalla Volta et al. 2014). The results showed
that processing concrete verbs activates a number of parietal
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and frontal areas thought to be at the basis of sensorimotor
transformations involved in planning and observing concrete
actions executed with a specific biological effector. Abstract
verbs, instead, activate the posterior inferior frontal and the
dorsal prefrontal cortices. For methodological reasons, the
study by Dalla Volta and colleagues (2014) did not allow the
identification of areas involved in processing both abstract
and concrete verbs.

Some studies, rather than focusing on the recruitment of
sensorimotor systems during the processing of abstract lan-
guage, took into account differences in the recognition of
abstract versus concrete words. A behavioral study (Kousta
et al. 2011) used words as homogenous as possible in terms
of several psycholinguistic parameters (like familiarity,
availability of the context, and modality of acquisition),
except, obviously, the level of concreteness/abstractness
and imageability. When participants assessed such stimuli
in a lexical task, the results showed that—contrary to the
work by Scorolli et al. (2012) reported above—abstract
words were processed more promptly than concrete ones,
reversing the concreteness effect. In a second experiment,
the same authors (Kousta et al. 2011) demonstrated that the
reversal of the concreteness effect was due to differences in
the emotional charge of the employed stimuli. Indeed, the
advantage in processing abstract words gets lost when also
the emotional charge of both concrete and abstract verbal
stimuli was similar. These results suggest that the emotional
content plays a crucial role in the processing of abstract lan-
guage (for additional behavioral results in this line, see also
Newcombe et al. 2012). In keeping with the former behavio-
ral results, a recent fMRI study (Vigliocco et al. 2014) used
both abstract and concrete words as stimuli, where several
psycholinguistic parameters were kept homogeneous with
the exception of the level of emotional charge and the degree
of alert generated by the words (e.g., the different alert gen-
erated by “earthquake” versus “grassland”). The compari-
son between abstract and concrete words unveiled that the
abstract ones selectively activated the anterior portion of
the cingulate gyrus in both hemispheres, a region usually
considered involved in processing emotions (Etkin et al.
2006). The results from Vigliocco and colleagues (2014)
showed a correlation between the degree of activation of the
anterior cingulate and the level of emotional charge of the
stimuli (i.e., the induced pleasant or unpleasant feelings).
The authors concluded that neural substrates engaged in
processing emotions are also crucially involved in process-
ing the meaning of abstract nouns. Based on these findings,
abstract language seems, therefore, to be endowed with a
marked emotional charge that appears as its distinctive fea-
ture as compared to concrete language. Despite this, it is
worth stressing in this context that other studies (Wilson-
Mendenhall et al. 2011, 2013a, b) have shown that emo-
tions themselves are grounded and situated. In this view,
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and based on the results of these studies, emotions are not
coded in specific neural substrates in the brain, and there is
no correspondence between a specific emotion and a spe-
cific brain circuit in a one-to-one fashion. Rather, feeling
a specific emotion or processing a specific emotion when
felt by another individual (or, possibly, when described
verbally) implies the reactivation of different systems that
subserve action, perception, interception, core affect, and
so on. This means that multiple systems are engaged during
the experience and perception of emotions. In keeping with
this view, Binder et al. (2016) suggest that not only actual
external experiences but also internal experiences contribute
to ground words expressing emotions, and possibly abstract
words more generally.

In sum, studies aimed at assessing the neural substrates
devoted to processing abstract language have shown a
recruitment of sensorimotor circuits also involved in pro-
cessing concrete words; there seem to be a dominant role of
the left hemisphere in coding abstract words as compared
to concrete ones. The recruitment of additional areas (like,
for example, the VLPFC) and the neural substrates engaged
in processing emotions may be a distinctive mark between
abstract and concrete language.

In keeping with this view, some recent fMRI studies
(Fernandino et al. 2015, 20164, b) investigated whether an
encoding model based on five attributes (sound, color, shape,
manipulation, and visual motion) could predict brain activa-
tions related to single words. The results showed that pro-
cessing a noun led to the activation of sensory areas coding
for the same sensory features preliminarily attributed to that
noun. For example, the word “tomato” is associated with
color and shape features, and presenting this word in the
fMRI led to the activation of sensory areas coding for shape
and color. The encoding model was predictive for concrete
words, but not for abstract items, thus weakening the role
of the sensorimotor systems in processing abstract items.
Moreover, based on the presence of areas conjointly acti-
vated by both abstract and concrete words, these authors for-
ward the existence of a network of cortical hubs that eventu-
ally allow one to attribute meaning to words. This “general
semantic network”, as the authors call it, codes for multi-
modal information derived from basic, lower sensorimotor
processes, possibly functioning as a convergence—divergence
zone for distributed concept representation. As suggested
by Binder et al. (2009, p. 2774), the “human semantic sys-
tem” corresponds to a large network of parietal, temporal,
and prefrontal heteromodal (also called, supramodal, or
a-modal) association areas. It seems to us that this view fits
with a weaker understanding of embodiment (Mahon and
Caramazza 2008), according to which the recruitment of
sensorimotor systems may represent a way to color concep-
tual processing, enrich it, and provide it with a relational
context. We have comprehensively presented our view on the
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semantics of concrete language in an earlier paper (Buccino
et al. 2016): the recruitment of sensory—motor areas is both
necessary and sufficient to attribute meaning to concrete
words. It is worth reminding that increasing evidence of a
causal role of the recruitment of sensorimotor systems in
language processing also comes from lesion studies. It has
been shown that lesions in brain regions within the sensori-
motor systems led to impaired lexical and conceptual knowl-
edge of action (Kemmerer et al. 2012). A very recent study
(Desai et al. 2015) tested manual and semantic abilities in
chronic stroke patients. The authors found that the degree of
impairment for action word processing showed correlation
with the impairment in manual performance. In keeping with
this, another recent work showed that reversible inactivation
of hand pre-motor cortex (obtained by rTMS) in healthy
individuals may hinder the comprehension of sentences
expressing hand actions (Tremblay et al. 2012). Moreover,
several studies (Bak et al. 2001, 2006; Cotelli et al. 2007,
Fernandino et al. 2013; Cardona et al. 2013; Buccino et al.
2018) have shown that lesions affecting the motor system,
even at subcortical level, may lead to impairment of action
word processing. This, in turn, supports the notion of a
close-and-causal relationship between sensorimotor systems
and semantic processing. If semantic processing was not
strictly grounded and was due to a general semantic network,
then patients with lesions affecting the sensorimotor systems
would not show impairment in this cognitive function. The
idea that the meanings of abstract words are embodied or
grounded in complex experiential clusters does imply that
the human brain (in contrast with brains of other species
which do not possess language and high-level abstraction)
has structures capable of holding together and combining
the varied experiences grounding the meaning of abstract
words. However, this does not imply that the meaning of
abstract words is coded in such structures without the key
and causal support (the “grounding”) of “low-level” sensory,
motor, and emotional areas.

Embodying abstract language:
towards an operational definition
of abstractness

In the light of what we have reviewed so far, in this section,
we propose an operative definition of abstract language that
could also offer the starting point for the further experimen-
tal inquiries. In a nutshell, we forward that abstract language
is still grounded in experience and linked to the neural sub-
strates subserving those experiences; in this respect, then,
we propose that there is a continuum moving from concrete
to abstract words (also in line with Locke’s thought recalled
above). As compared to concrete words, however, abstract
ones reach higher and higher degrees of complexity (see also

Barsalou and Wiemer-Hastings 2005, p. 136, for a proposal
in this direction). From this viewpoint, therefore, abstract
words are not farther from experience than concrete ones;
rather, they express the experiences of increasing complex-
ity. We also propose that this increase in complexity mani-
fests itself in three main aspects that we regard as hallmarks
of abstractness:

a. Abstract language is effector-unspecific.
b. It is multi-systemic.
c. Anditis dynamic.

Note that our proposal, as compared to the current litera-
ture, intends to be fully embodied in the sense that it posits
that to process and reach the meaning of abstract words one
can rely on the same modal (i.e., sensory, motor, and emo-
tional) areas necessary to process concrete words. As it can
be seen from the above section, even within the theoretical
framework of embodiment, the current literature proposes
a multiple representation view (see Borghi et al. 2017 for
review) according to which processing the meaning of
abstract words requires the involvement of both modal areas
and a-modal components. The main tenet of our proposal is
that a-modal components are not necessary to comprehend
abstract words.

By saying that abstract language is effector-unspecific,
we refer to the fact that abstract words are not grounded on
the motor representation of a specific effector, but express
motor experiences that are normally done with different
effectors (see Fig. 1). For example, while the noun “cup”
recruits hand motor representations, the noun “freedom”
recruits motor representations that are not only related to
the hand, but also to the foot and/or the mouth. You can
activate your mouth representation in reference to, e.g.,
freedom of speech, your foot representation in reference
to, e.g., walking through the fields in summertime, or your
hand representations when you express, e.g., your freedom
of voting. The same holds true also for verbs like “to grasp”
versus “to praise”. It is worth stressing that, even within the
category of concrete verbs or nouns, the recruitment of the
motor system may vary in a gradient-like fashion, depend-
ing on different factors. A study found a different modula-
tion of the motor system depending on how precisely the
actual action is described by the verb (Marino et al. 2012):
compare, e.g., “to rake” or “to sign” with “to waste” or “to
book”. A very recent paper (Agosta et al. 2016) found a
different recruitment of a motor representation during the
observation of biological versus non-biological motions
(see also Perani et al. 2001). The recruitment of an effec-
tor-related motor representation (like the hand) also occurs
during the processing of emblems, which, indeed, convey a
conventional meaning using hand movements (Andric et al.
2013) or even during the processing of meaningless actions
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Fig. 1 The meaning of abstract
words as effector-unspecific.
The meaning of abstract words
is usually related to more than
one single biological effector.
Consequently, whereas concrete
words like “cup” (left) are
mainly embodied in the hand
motor representation (circle),
abstract words like “freedom”
(right) are embodied in the
motor representation of more
than one effector, e.g., hand
(circle), mouth (triangle), and
foot (square). In other terms, the
number of effectors involved

in grounding the meaning of
words is one of the dimensions
along which the complexity

of the grounding experiences
usually increases when moving
from concrete to abstract words

IICUPII

Grasping a cup
(Hand motor
representation)

“FREEDOM”

Freedom of voting Freedom of walking
(Hand motor representation) (Foot motor representation)

Freedom of speech
(Mouth motor representation)

increase in COMPLEXITY

(Lui et al. 2008). Finally, processing adjectives expressing
positive (e.g., “soft”) or negative (e.g., “thorny”) features
induces a specific recruitment of hand representation even
in the absence of a noun (Gough et al. 2013).

By the term multi-systemic, we refer to the fact that
abstract words may recruit not only one single system (like
the motor or the visual ones), but more than one at the same
time (see Fig. 2). For example, there is no doubt that the
meaning of a verb like “to walk” is grounded in the motor
system (see Hauk 2004; Buccino et al. 2005; Tettamanti
et al. 2005), specifically in the foot motor representation.
However, it is worth stressing that, even within the domain
of concrete verbs, more than one system may come into play.
Indeed, even scholars who focus their research on the motor
grounding of language acknowledge that “much of what we
talk about is linked to our (in great part visual) perception of
the social and physical environment” (Arbib 2016, p. 4, ital-
ics added). A verb like “to fly” may rely on motor and sen-
sory systems. There is evidence that, during action observa-
tion, the recruitment of the motor system occurs only when
the action is part of the observer’s motor repertoire: the
observation of dog barking, for which human individuals do
not have a motor representation, activates the visual system
(Buccino et al. 2004a). Similarly, subjects’ high competence
in specific motor domains induces a stronger recruitment of
the motor system (e.g., Calvo-Merino et al. 2005). In the
same line of reasoning, if one considers an abstract verb such
as “to like”, the meaning might stem from the recruitment
of different systems at the same time: one can like to walk
(involving the motor system), or an ice-cream (involving
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taste), a piece of music (sound), a painting (vision), etc. Note
also that abstract words often imply a stronger involvement
of the emotional system. One could argue that, to some
extent, also in the case of concrete words, several systems
may intervene: you mainly grasp an apple, but you can also
smell or taste it. However, concrete words usually ground
their meaning mainly on a single system: the word “cin-
namon’ activated the olfactory system (Barrés-Loscertales
et al. 2012) and the word “salt” activated the gustatory one
(Gonzélez et al. 2006): these activations are enough to fix
the meaning of those words. In the case of abstract words,
on the contrary, our point is that the recruitment of several
systems is necessary for attributing meaning.

Note that this perspective is in line with that suggested
by some authors for emotion coding (Wilson-Mendenhall
et al. 2011, 2013a, b). What we are suggesting here is that
the recruitment of several systems at the same time is valid
not only to process emotions or emotion-related language,
but is a necessary pre-requisite to process all abstract words.

By saying that the meaning of abstract words is
“dynamic”, we refer to the fact that it may have different
nuances depending on age, education, or life style of the
speakers and on the historical period or the context in which
to act. In other words, the meaning of abstract words may
change more significantly in time than that of concrete
words. Note that this is true in the history of societies as
such, as well as in the personal history at the ontogenetic
level (see Fig. 3). The meaning of a concrete word like
“cup” is acquired quite early during development, in paral-
lel with the motor experience. Cup-related knowledge does
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“TO WALK”
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“| like ice-cream”
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| like classic music
“I like cotton bolls” T

“I like to walk”

“| like paintings”

—
increase in COMPLEXITY >
7

Fig.2 The meaning of abstract words as multi-systemic. The mean-
ing of abstract words involves more than one system (sensory, motor,
or emotional). Consequently, whereas the meaning of concrete words
(like the verbs “to walk” or “to eat”) may be embodied in one or a
few brain systems, the meaning of abstract words (e.g., “to like”) is
embodied in several systems. In other terms, the number of systems

not change significantly with age, and the word “cup” fun-
damentally means an object for drinking all life long and in
all societies. The word “freedom” is a quite different case.
Indeed, for a child, “freedom” may express the situation
when the parents allow him/her to watch cartoons on the
TV. For a teenager, it may express the possibility to go out
with friends after dinner or to choose his/her clothes, hob-
bies, and sports. For an adult, it may additionally refer to an
array of situations concerning job, family, politics, etc. On
the other hand, there is no doubt that abstract concepts also
evolve in the history of cultures and societies. The notions
of beauty, culture, and freedom are good examples: their
meaning shifted repeatedly during the history of humanity.

Since the general claim which we forward is that pro-
cessing a word implies the recruitment of those same areas
underpinning related sensorial, motor, and emotional expe-
riences, it turns out that when processing abstract words,
sensorial, motor, and emotional areas intervene in a differ-
ent manner and at different levels depending on the context,
and on the speaker’s age, education, and so forth. In this
respect, abstract words are less “fixed” than concrete words
and their processing is grounded in a dynamic and combi-
natorial recruitment of sensory, motor, and emotional areas
in the brain. This, indeed, raises the question of how the
brain may recruit modal areas depending on the context,

involved in grounding the meaning of words is the second dimen-
sion along which the complexity of the grounding experiences may
increase when moving from concrete to abstract words. 1: motor
cortex; 2: gustatory cortex; 3: olfactory cortex; 4: auditory cortex;
5: somatosensory cortex; 6: visual cortex; 7: emotion-related brain
regions

education, age, and so on. One may argue that additional
areas in the brain, for example the VLPFC, or areas belong-
ing to the so-called general semantic network (such as the
angular gyrus, the posterior cingulate, and the medial pre-
frontal cortex), or specific language areas (such as the Bro-
ca’s region), may have the role of re-enacting in a dynamic
and integrated manner the activity of the different (motor
or modal) systems, and not that of contributing contents to
the semantics of abstract words. Note that a similar role has
been proposed for some prefrontal areas during the imitation
of novel actions that are not already part of the observer’s
motor repertoire (Buccino et al. 2004b; Vogt et al. 2007). It
has been suggested that, when learning a novel motor task,
prefrontal areas are involved in selecting specific motor rep-
resentations and in recombining them to fit the new model.
Discriminating between these two alternatives still deserves
empirical investigations and confirmations.

This view, taking into account the level of complexity of
the experiential clusters associated with abstract words, may
provide a framework for unifying several aspects of the psy-
chological and theoretical approaches and the empirical evi-
dence discussed above. The concreteness effect, as implied
by both Paivio’s dual-coding theory and Schwanenflugel’s
context-availability theory, may be explained by the greater
simplicity of the experiences grounding some words (those
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with friends Choose a job Choose a place
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to visit

Choose a mate

increase in COMPLEXITY

Fig.3 The meaning of abstract words as dynamic. The meaning of
abstract words usually changes, sometimes even significantly, dur-
ing the life span of individuals, as life experiences enrich and accu-
mulate. Consequently, (1) the meaning of concrete words, like “cup”
(top), is embodied virtually in the same way all along the individual
life span (e.g., in the motor cortex [circle]), whereas (2) the meaning
of abstract words, like “freedom” (bottom), comes to be progressively

considered “concrete”) than the other ones (those considered
“abstract”). This consideration may also explain the find-
ings, suggesting that specification of a context facilitates
the comprehension of abstract language: the specification of
the context may enable the retrieval of a subset of appropri-
ate experiences within the complex experiential domains at
the basis of an abstract word. The findings suggesting that
abstract language has a greater emotional charge may also be
related to the greater complexity of the experiences ground-
ing abstract words, and to the fact that such experiential
clusters enrich with age. This might explain the observa-
tion, stressed by the WAT theory (Borghi and Cimatti 2009;
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attached to more and more experiences, often emotionally charged,
and, therefore, embodied in more and more scattered brain systems.
Note the increase in activation (symbolized as the increase in the
shaded surfaces) of the represented brain regions, and especially the
emotion-related ones. 1: motor cortex; 2: gustatory cortex; 3: olfac-
tory cortex; 4: auditory cortex; 5: somatosensory cortex; 6: visual
cortex; 7: emotion-related brain regions

Borghi et al. 2011), that one difference between abstract
and concrete words is the age of acquisition. This evidence
can be justified by the higher complexity of the experiences
giving meaning to abstract words. Moreover, as we have
mentioned in the case of “freedom”, the meaning of such
kind of words is linked not only to “neutral” sensory and
motor experiences, but also to personal happenings, situ-
ations, choices, etc. often colored with an emotional com-
ponent, as emphasized by one of the reviewed approaches
(Vigliocco et al. 2014; Citron et al. 2012). This may explain
the involvement of emotion-related brain structures in pro-
cessing abstract language. Finally, taking our proposal as



Brain Structure and Function (2019) 224:1385-1401

1397

the basis for further empirical investigations may help to
answer some open questions concerning abstract language,
like those pointed out by Dove (2016) and mentioned above
in this paper. In particular, regarding the problem of dis-
embodiment, our proposal entails that abstract words are
not divorced from experience and predicts that they are
grounded in several modal areas and systems, though in a
complex and articulated manner. Regarding the problem
of abstract language flexibility, our proposal entails that an
abstract word may prevalently recruit some areas and sys-
tems rather than others depending on the context, so that
flexibility does not necessarily imply a-modal, abstract-spe-
cific brain areas. As for generalization (which, as in Aristo-
tle’s and Locke’s perspective, we rather consider a general
cognitive process not restricted to abstract concepts), our
proposal entails that abstract words may have a higher level
of generalization because of the increasing number of con-
texts and situations (and, therefore, of personal experiences)
underpinning their meaning.

Conclusion

This work addressed the thorny issue of abstract language
within the embodied perspective. The philosophical, psy-
chological, and neuroscientific arguments, theories, and
evidence reviewed here suggest that words and linguistic
expressions should not be partitioned into a sharp dichotomy
of abstract and concrete items. Rather, linguistic material
can be ranked along a continuum according to the complex-
ity of the experiential clusters associated with each linguistic
item. Therefore, our main conclusion can be summarized
by saying that the meaning of those linguistic items usually
considered as abstract in the recent literature should not be
understood in terms of farness from experience, but, more
precisely, in terms of complexity of the associated experien-
tial clusters. This conclusion is in line with an emerging con-
sensus—both in the neuroscience and in linguistics—on the
idea that linguistic meaning, quite generally, can actually be
grounded in experience (an idea that, as we have seen, finds
strong roots in part of the philosophical tradition) and in the
related neural circuits (see Buccino et al. 2016 for arguments
in this line). The specific suggestion of this work is that so-
called “abstract” language is no exception to this general
stance. The point is that the complexity of the experien-
tial clusters associated with linguistic expressions usually
considered abstract implies the coordinated and integrated
re-enactment of the different (motor or modal) systems also
involved in processing concrete words.

A further element of interest of our present proposal is
the identification of three specific dimensions along which
the complexity of the experiential cluster associated with
linguistic items may increase: the number of involved

effectors, the number of involved systems and modalities,
and the richness of dynamically associated experiences. This
may encourage the implementation of further experimental
paradigms aimed at specifically manipulating one or more of
these dimensions so to gain an additional empirical evidence
about the embodiment of abstract language.

Funding No funding has been received for the present work by any
of the authors. As this is a review paper, issues of informed consent
and of treatment of human or animal subjects do not apply. Credit has
been explicitly given to any original research mentioned in the paper.

Compliance with ethical standards

Conflict of interest The authors declare no direct or indirect conflicts
of interest for this work.

References

Agosta S, Battelli L, Casile A (2016) Human movements and abstract
motion displays activate different processes in the observ-
er’s motor system. Neurolmage 130:184-193. https://doi.
org/10.1016/j.neuroimage.2016.01.066

Andric M, Solodkin A, Buccino G, Goldin-Meadow S, Rizzolatti G,
Small SL (2013) Brain function overlaps when people observe
emblems, speech, and grasping. Neuropsychologia 51:1619—
1629. https://doi.org/10.1016/j.neuropsychologia.2013.03.022

Arbib MA (2016) Towards a computational comparative neuroprima-
tology: framing the language-ready brain. Phys Life Rev 16:1-
54. https://doi.org/10.1016/j.plrev.2015.09.003

Arbib MA, Gasser B, Barres V (2014) Language is handy but
is it embodied? Neurospychologia 55:57-70. https://doi.
org/10.1016/j.neuropsychologia.2013.11.004

Auletta G, Colage I, D’Ambrosio P, Torcal L (2011) Integrated cogni-
tive strategies in a changing world. G&B Press, Rome

Aziz-Zadeh L, Wilson SM, Rizzolatti G, Iacoboni M (2006) Congru-
ent embodied representations for visually presented actions and
linguistic phrases describing actions. Curr Biol 16:1818-1823.
https://doi.org/10.1016/j.cub.2006.07.060

Bak TH, O’Donovan DG, Xuereb JH, Boniface S, Hodges JR (2001)
Selective impairment of verb processing associated with patho-
logical changes in Brodmann areas 44 and 45 in the motor neu-
rone disease-dementia-aphasia syndrome. Brain 124:103-120.
https://doi.org/10.1093/brain/124.1.103

Bak TH, Yancopoulou D, Nestor PJ, Xuereb JH, Spillantini MG, Pul-
vermiiller F, Hodges JR (2006) Clinical, imaging and pathologi-
cal correlates of a hereditary deficit in verb and action process-
ing. Brain 129:321-332. https://doi.org/10.1093/brain/awh701

Barrés-Loscertales A, Gonzélez J, Pulvermiiller F, Ventura-Campos
N, Bustamante JC, Costumero V, Parcet MA, Avila C (2012)
Reading salt activates gustatory brain regions: fMRI evidence for
semantic grounding in a novel sensory modality. Cereb Cortex
22:2554-2563. https://doi.org/10.1093/cercor/bhr324

Barsalou LW (1999) Perceptual symbol systems. Behav Brain Sci
22:577-660. https://doi.org/10.1017/S0140525X99002149

Barsalou LW (2008) Grounded cognition. Annu Rev Psychol 59:617—
645. https://doi.org/10.1146/annurev.psych.59.103006.093639

Barsalou LW, Wiemer-Hastings K (2005) Situating abstract concepts.
In: Pecher D, Zwaan R (eds) Grounding cognition: the role of

@ Springer


https://doi.org/10.1016/j.neuroimage.2016.01.066
https://doi.org/10.1016/j.neuroimage.2016.01.066
https://doi.org/10.1016/j.neuropsychologia.2013.03.022
https://doi.org/10.1016/j.plrev.2015.09.003
https://doi.org/10.1016/j.neuropsychologia.2013.11.004
https://doi.org/10.1016/j.neuropsychologia.2013.11.004
https://doi.org/10.1016/j.cub.2006.07.060
https://doi.org/10.1093/brain/124.1.103
https://doi.org/10.1093/brain/awh701
https://doi.org/10.1093/cercor/bhr324
https://doi.org/10.1017/S0140525X99002149
https://doi.org/10.1146/annurev.psych.59.103006.093639

1398

Brain Structure and Function (2019) 224:1385-1401

perception and action in memory, language, and thought. Cam-
bridge University Press, Cambridge, pp 129-163

Binder JR, Westbury CF, McKiernan KA, Possing ET, Medler DA
(2005) Distinct brain systems for processing concrete and
abstract concepts. J Cognit Neurosci 17:905-917. https://doi.
org/10.1162/0898929054021102

Binder JR, Desai RH, Graves WW, Conant LL (2009) Where is the
semantic system? A critical review and meta-analysis of 120
functional neuroimaging studies. Cereb Cortex 19:2767-2796.
https://doi.org/10.1093/cercor/bhp055

Binder JR, Conant LL, Humphries CJ, Fernandino L, Simons SB,
Aguilar M, Desai RH (2016) Toward a brain-based componen-
tial semantic representation. Cognit Neuropsychol 33:130-174.
https://doi.org/10.1080/02643294.2016.1147426

Borghi AM, Cimatti F (2009) Words as tools and the problem of
abstract words meanings. In: Taatgen N, van Rijn H (ed) Pro-
ceedings of the 31st annual conference of the cognitive science
society. Cognitive Science Society, pp 2304-2309

Borghi AM, Cimatti F (2012) Words are not just words: the social
acquisition of abstract words. RIFL 5:22-37. http://www.rifl.
unical.it/index.php/rifl/article/view/78

Borghi AM, Flumini A, Cimatti F, Marocco D, Scorolli C (2011)
Manipulating objects and telling words: a study on concrete and
abstract words acquisition. Front Psychol 2:Article 15. https://
doi.org/10.3389/fpsyg.2011.00015

Borghi AM, Binkofski F, Castelfranchi C, Cimatti F, Scorolli C, Tum-
molini L (2017) The challenge of abstract concepts. Psychol Bull
143:263-292. https://doi.org/10.1037/bul0000089

Boulenger V, Roy AC, Paulignan Y, Deprez V, Jeannerod M, Nazir TA
(2006) Cross-talk between language processes and overt motor
behavior in the first 200 ms of processing. J Cognit Neurosci
18:1607-1615. https://doi.org/10.1162/jocn.2006.18.10.1607

Boulenger V, Hauk O, Pulvermueller F (2009) Grasping ideas with
the motor system: Semantic somatotopy in idiom comprehen-
sion. Cereb Cortex 19:1905-1914. https://doi.org/10.1093/cerco
r/bhn217

Buccino G, Lui F, Canessa N, Patteri I, Lagravinese G, Benuzzi F,
Porro CA, Rizzolatti G (2004a) Neural circuits involved in
the recognition of actions performed by nonconspecifics:
an fMRI study. J Cognit Neurosci 16:114-126. https://doi.
org/10.1162/089892904322755601

Buccino G, Vogt S, Ritzl A, Fink GR, Zilles K, Freund H-J, Rizzolatti
G (2004b) Neural circuits underlying imitation learning of hand
actions: an event-related fMRI study. Neuron 42:323-334. https
://doi.org/10.1016/S0896-6273(04)00181-3

Buccino G, Riggio L, Melli G, Binkofski F, Gallese V, Rizzolatti G
(2005) Listening to action-related sentences modulates the activ-
ity of the motor system: a combined TMS and behavioral study.
Cogn Brain Res 24:355-363. https://doi.org/10.1016/j.cogbrainre
$.2005.02.020

Buccino G, Colage I, Gobbi N, Bonaccorso G (2016) Grounding mean-
ing in experience: a broad perspective on embodied language.
Neurosci Biobehav Rev 69:69-78. https://doi.org/10.1016/j.
neubiorev.2016.07.033

Buccino G, Marino BF, Bulgarelli C, Mezzadri M (2017) Fluent speak-
ers of a second language process graspable nouns expressed in
L2 like in their native language. Front Psychol 8:1306. https://
doi.org/10.3389/fpsyg.2017.01306

Buccino G, Dalla Volta R, Arabia G, Morelli M, Chiriaco C, Lupo A,
Silipo F, Quattrone A (2018) Processing graspable object images
and their nouns is impaired in Parkinson’s disease patients. Cor-
tex 100:32-39. https://doi.org/10.1016/j.cortex.2017.03.009

Calvo-Merino B, Glaser DE, Grézes J, Passingham RE, Haggard P
(2005) Action observation and acquired motor skills: an fMRI
study with expert dancers. Cereb Cortex 15:1243-1249. https://
doi.org/10.1016/j.cortex.2017.03.009

@ Springer

Cardona JF, Gershanik G, Gelormini-Lezama C, Houck AL, Cardona
S, Kargieman L, Trujillo N, Arévalo A, Amoruso L, Manes F,
Ibafiez A (2013) Action-verb processing in Parkinson’s dis-
ease: new pathways for motor—language coupling. Brain Struct
Funct. https://doi.org/10.1007/s00429-013-0510-1

Chatterjee A (2010) Disembodying cognition. Lang Cognit 2:79—
116. https://doi.org/10.1515/langcog.2010.004

Citron FMM (2012) Neural correlates of written emotion word pro-
cessing: a review of recent electrophysiological and hemody-
namic neuroimaging studies. Brain Lang 122:211-226. https
://doi.org/10.1016/j.band1.2011.12.007

Colage I (2013) Philosophy of Language. In: Encyclopedia of sci-
ences and religions, Runehov ALC, Oviedo L (eds), 1675-1684.
Springer. https://doi.org/10.1007/978-1-4020-8265-8_1568

Colage I (2014) Prospective fruitfulness as a criterion for theory
change and research-strategy option. Comprendre 16:61-86.
http://www.raco.cat/index.php/Comprendre/article/view/27659
1

Coltheart M, Patterson K, Marshall J (1980) Deep dyslexia. Routledge
& Kegan Paul, London

Coslett HB, Monsul N (1994) Reading with the right hemisphere:
Evidence from transcranial magnetic stimulation. Brain Lang
46:198-211. https://doi.org/10.1006/brln.1994.1012

Coslett HB, Saffran EM (1989) Evidence for preserved reading in
“pure alexia”. Brain 112:327-359. https://www.ncbi.nlm.nih.
gov/pubmed/2706436

Cotelli M, Borroni B, Manenti R, Zanetti M, Arévalo A, Cappa SF,
Padovani A (2007) Action and object naming in Parkinson’s dis-
ease without dementia. Eur J Neurol 14:632—637. https://doi.org
/10.1111/§.1468-1331.2007.01797.x

Dalla Volta R, Gianelli C, Campione GC, Gentilucci M (2009) Action
word understanding and overt motor behavior. Exp Brain Res
196:403-412. https://doi.org/10.1007/s00221-009-1864-8

Dalla Volta R, Fabbri-Destro M, Gentilucci M, Avanzini P (2014) Spa-
tiotemporal dynamics during processing of abstract and concrete
verbs: an ERP study. Neuropsychologia 61:163—174. https://doi.
org/10.1016/j.neuropsychologia.2014.06.019

Démonet J-F, Chollet F, Ramsay S, Cardebat D, Nespoulous J-L, Wise
R, Rascol A, Frackowiak R (1992) The anatomy of phonological
and semantic processing in normal subjects. Brain 115:1753—
1768. https://doi.org/10.1093/brain/115.6.1753

Desai RH, Binder JR, Conant LL, Mano QR, Seidenberg MS (2011)
The neural career of sensory-motor metaphors. J Cognit Neurosci
23:2376-2386. https://doi.org/10.1162/jocn.2010.21596

Desai RH, Conant LL, Binder JR, Park H, Seidenberg MS (2013) A
piece of the action: Modulation of sensory-motor regions by
action idioms and metaphors. Neurolmage 83:862-869. https://
doi.org/10.1016/j.neuroimage.2013.07.044

Desai RH, Herter T, Riccardi N, Rorden C, Fridriksson J (2015) Con-
cepts within reach: Action performance predicts action language
processing in stroke. Neuropsychologia 71:217-224. https://doi.
org/10.1016/j.neuropsychologia.2015.04.006

Dove G (2016) Three symbol ungrounding problems: Abstract con-
cepts and the future of embodied cognition. Psychon Bull Rev
23:1109-1121. https://doi.org/10.3758/s13423-015-0825-4

Etkin A, Egner T, Peraza DM, Kandel ER, Hirsch J (2006) Resolving
emotional conflict: A role for the rostral anterior cingulate cor-
tex in modulating activity in the amygdala. Neuron 51:871-882.
https://doi.org/10.1016/j.neuron.2006.07.029

Fernandino L, Conant LL, Binder JR, Blindauer K, Hiner B, Spangler
K, Desai RH (2013) Where is the action? Action sentence pro-
cessing in Parkinson’s disease. Neuropsychologia 51:1510-1517.
https://doi.org/10.1016/j.neuropsychologia.2013.04.008

Fernandino L, Humpreys CJ, Seidenberg MS, Gross WL, Conant LL,
Binder JR (2015) Predicting brain activation patterns associated
with individual lexical concepts based on five sensory-motor


https://doi.org/10.1162/0898929054021102
https://doi.org/10.1162/0898929054021102
https://doi.org/10.1093/cercor/bhp055
https://doi.org/10.1080/02643294.2016.1147426
http://www.rifl.unical.it/index.php/rifl/article/view/78
http://www.rifl.unical.it/index.php/rifl/article/view/78
https://doi.org/10.3389/fpsyg.2011.00015
https://doi.org/10.3389/fpsyg.2011.00015
https://doi.org/10.1037/bul0000089
https://doi.org/10.1162/jocn.2006.18.10.1607
https://doi.org/10.1093/cercor/bhn217
https://doi.org/10.1093/cercor/bhn217
https://doi.org/10.1162/089892904322755601
https://doi.org/10.1162/089892904322755601
https://doi.org/10.1016/S0896-6273(04)00181-3
https://doi.org/10.1016/S0896-6273(04)00181-3
https://doi.org/10.1016/j.cogbrainres.2005.02.020
https://doi.org/10.1016/j.cogbrainres.2005.02.020
https://doi.org/10.1016/j.neubiorev.2016.07.033
https://doi.org/10.1016/j.neubiorev.2016.07.033
https://doi.org/10.3389/fpsyg.2017.01306
https://doi.org/10.3389/fpsyg.2017.01306
https://doi.org/10.1016/j.cortex.2017.03.009
https://doi.org/10.1016/j.cortex.2017.03.009
https://doi.org/10.1016/j.cortex.2017.03.009
https://doi.org/10.1007/s00429-013-0510-1
https://doi.org/10.1515/langcog.2010.004
https://doi.org/10.1016/j.bandl.2011.12.007
https://doi.org/10.1016/j.bandl.2011.12.007
https://doi.org/10.1007/978-1-4020-8265-8_1568
http://www.raco.cat/index.php/Comprendre/article/view/276591
http://www.raco.cat/index.php/Comprendre/article/view/276591
https://doi.org/10.1006/brln.1994.1012
https://www.ncbi.nlm.nih.gov/pubmed/2706436
https://www.ncbi.nlm.nih.gov/pubmed/2706436
https://doi.org/10.1111/j.1468-1331.2007.01797.x
https://doi.org/10.1111/j.1468-1331.2007.01797.x
https://doi.org/10.1007/s00221-009-1864-8
https://doi.org/10.1016/j.neuropsychologia.2014.06.019
https://doi.org/10.1016/j.neuropsychologia.2014.06.019
https://doi.org/10.1093/brain/115.6.1753
https://doi.org/10.1162/jocn.2010.21596
https://doi.org/10.1016/j.neuroimage.2013.07.044
https://doi.org/10.1016/j.neuroimage.2013.07.044
https://doi.org/10.1016/j.neuropsychologia.2015.04.006
https://doi.org/10.1016/j.neuropsychologia.2015.04.006
https://doi.org/10.3758/s13423-015-0825-4
https://doi.org/10.1016/j.neuron.2006.07.029
https://doi.org/10.1016/j.neuropsychologia.2013.04.008

Brain Structure and Function (2019) 224:1385-1401

1399

attributes. Neuropsychologia 76:17-26. https://doi.org/10.1016/].
neuropsychologia.2015.04.009

Fernandino L, Binder JR, Desai RH, Pendl SL, Humphries CJ, Gross
WL, Conant LL, Seidenberg MS (2016a) Concepts representa-
tion reflects multimodal abstraction: A framework for embodied
semantics. Cereb Cortex 26:2018-2034. https://doi.org/10.1093/
cercor/bhv020

Fernandino L, Humphries CJ, Conant LL, Seidenberg MS, Binder JR
(2016b) Heteromodal cortical areas encode sensory-motor fea-
tures of word meaning. J Neurosci 36:9763-9769. https://doi.
org/10.1523/JNEUROSCI.4095-15.2016

Fiebach CJ, Friederici AD (2003) Processing concrete words: fMRI
evidence against a specific right-hemisphere involvement.
Neuropsychologia 42:62-70. https://doi.org/10.1016/S0028
-3932(03)00145-3

Fiez JA, Balota DA, Raichle ME, Petersen SE (1999) Effects of lexi-
cality, frequency, and spelling-to-sound consistency on the
functional anatomy of reading. Neuron 24:205-218. https://doi.
org/10.1016/S0896-6273(00)80833-8

Fischer MH, Zwaan RA (2008) Embodied language: A review of the
role of the motor system in language comprehension. Q J Exp
Psychol A 61:825-850. https://doi.org/10.1080/1747021070
1623605

Fodor JA (1975) The language of thought. Harvard University Press,
Cambridge

Frege G (1892) Uber Sinn und Bedeutung. Zeitschrift fiir Philosophie
philosophische Kritik 100:25-50. http://www.deutschestextar
chiv.de/book/show/frege_sinn_1892]

Friederici AD, Opitz B, von Cramon DY (2000) Segregating semantic
and syntactic aspects of processing in the human brain: and fMRI
investigation of different word types. Cereb Cortex 10:698-705.
https://doi.org/10.1093/cercor/10.7.698

Gallese V (2003) A neuroscientific grasp of concepts: from control to
representation. Philos Trans R Soc B Biol Sci 358:1231-1240.
https://doi.org/10.1098/rstb.2003.1315

Gallese V, Lakoff G (2005) The brain’s concepts: The role of the sen-
sory-motor system in conceptual knowledge. Cognit Neuropsy-
chol 22:455-479. https://doi.org/10.1080/02643290442000310

Gibbs R (1992) Why idioms mean what they do. ] Mem Lang 31:485—
506. https://doi.org/10.1037/0096-3445.120.1.90

Gibbs R, Steen G (1999) Metaphor in cognitive linguistics. John Ben-
jamins. https://doi.org/10.1075/cilt. 175

Gibbs R, Lima P, Francozo E (2004) Metaphor is grounded in
embodied experience. J] Pragmat 36:1189-1210. https://doi.
org/10.1016/j.pragma.2003.10.009

Glenberg AM (1997) What memory is for. Behav Brain Sci 20:1-55.
https://doi.org/10.1017/S0140525X97000010

Glenberg AM, Kaschak MP (2002) Grounding language in action. Psy-
chon Bull Rev 9:558-565. https://doi.org/10.3758/BF03196313

Glenberg AM, Robertson DA (1999) Indexical understand-
ing of instructions. Discourse Proc 28:1-26. https://doi.
org/10.1080/01638539909545067

Glenberg AM, Sato M, Cattaneo L, Riggio L, Palumbo D, Buccino
G (2008) Processing abstract language modulates motor sys-
tem activity. Q J Exp Psychol (Hove) 61:905-919. https://doi.
org/10.1080/17470210701625550

Gonzalez J, Barros-Loscertales A, Pulvermiiller F, Meseguer V, San-
jun A, Belloch V, Avila C (2006) Reading cinnamon activates
olfactory brain regions. Neurolmage 32:906-912. https://doi.
org/10.1016/j.neuroimage.2006.03.037

Gough PM, Riggio L, Chersi F, Sato M, Fogassi L, Buccino G (2012)
Nouns referring to tools and natural objects differentially modu-
late the motor system. Neuropsychologia 50:19-25. https://doi.
org/10.3389/fnhum.2014.00968

Gough PM, Campione GC, Buccino G (2013) Fine tuned modulation of
the motor system by adjectives expressing positive and negative

properties. Brain Lang 125:54-59. https://doi.org/10.1016/].
bandl.2013.01.012

Grossman M, Koenig P, DeVita C, Glosser G, Alsop D, Detre J, Gee
J (2002) The neural basis for category-specific knowledge: an
fMRI study. Neurolmage 15:936-948. https://doi.org/10.1006/
nimg.2001.1028

Hauk O, Johnsrude I, Pulvermiiller F (2004) Somatotopic representa-
tion of action words in human motor and premotor cortex. Neu-
ron 41:301-307. https://doi.org/10.1016/S0896-6273(03)00838
-9

Hoffman P, Jefferies E, Lambon Ralph MA (2010) Ventrolateral
prefrontal cortex plays an executive regulation role in compre-
hension of abstract words: convergent neuropsychological and
repetitive TMS evidence. J Neurosci 30:15450-15456. https://
doi.org/10.1523/JNEUROSCI.3783-10.2010

Holcomb PJ, Kounios J, Anderson JE, West WC (1999) Dual-
coding, context availability, and concreteness effects in sen-
tence comprehension: an electrophysiological investigation. J
Exp Psychol Learn Memory Cognit 25:721-742. https://doi.
org/10.1037/0278-7393.25.3.721

James CT (1975) The role of semantic information in lexical deci-
sions. J Exp Psychol Hum Percept Perform 1:130-136. https://
doi.org/10.1037/0096-1523.1.2.130

Jirak D, Menz MM, Buccino G, Borghi AM, Binkofski F (2010) Grasp-
ing language: a short story on embodiment. Conscious Cogn
19:711-720. https://doi.org/10.1016/j.concog.2010.06.020

Kemmerer D (2015) Cognitive neuroscience of language. Psychology
Press, Taylor & Francis Group, New York

Kemmerer D, Rudrauf D, Manzel K, Tranel D (2012) Behavioral pat-
terns and lesion sites associated with impaired processing of lexi-
cal and conceptual knowledge of actions. Cortex 48:826—848.
https://doi.org/10.1016/j.cortex.2010.11.001

Kiefer M, Pulvermueller F (2012) Conceptual representations in mind
and brain: theoretical developments, current evidence and future
directions. Cortex 48:805-825. https://doi.org/10.1016/j.corte
x.2011.04.006

Kiehl KA, Liddle PF, Smith AM, Mendrek A, Forster BB, Hare RD
(1999) Neural pathways involved in the processing of con-
crete and abstract words. Human Brain Mapping 7:225-233.
https://doi.org/10.1002/(SICI)1097-0193(1999)7:4%3C225
::AID-HBM1%3E3.0.CO;2-P

Kounios J, Holcomb PJ (1994) Concreteness effects in semantic
processing: ERP evidence supporting dual-encoding theory. J
Exp Psychol Learn Memory Cognit 20:804-823. https://doi.
org/10.1037/0278-7393.20.4.804

Kousta ST, Vigliocco G, Vinson DP, Andrews M, Del Campo E (2011)
The representation of abstract words: why emotion matters. J Exp
Psychol 140:14-34. https://doi.org/10.1037/a0021446

Kuhn TS (1962) The structure of scientific revolutions. The University
of Chicago Press, Chicago

Lakatos I (1970) Falsification and the methodology of scientific
research programmes. In: Lakatos I, Musgrave A (eds) Criti-
cism and the growth of knowledge. Cambridge University Press,
Cambridge

Lakoff G (1987) Women, fire, and dangerous things: What categories
reveal about the mind. University of Chicago Press, Chicago

Lakoff G, Johnson M (1980) Metaphors we live by. University of Chi-
cago Press, Chicago

Locke J (1690) An essay concerning human understanding. 4th edition:
Awnsam & John Churcill, 1700

Lui F, Buccino G, Duzzi D, Benuzzi F, Crisi G, Baraldi P, Nichelli P,
Porro CA, Rizzolatti G (2008) Neural substrates for observing
and imagining non-object-directed actions. Soc Neurosci 3:261—
275. https://doi.org/10.1080/17470910701458551

Mahon BZ, Caramazza A (2005) The orchestration of the sen-
sory-motor systems: clues from neuropsychology. Cognit

@ Springer


https://doi.org/10.1016/j.neuropsychologia.2015.04.009
https://doi.org/10.1016/j.neuropsychologia.2015.04.009
https://doi.org/10.1093/cercor/bhv020
https://doi.org/10.1093/cercor/bhv020
https://doi.org/10.1523/JNEUROSCI.4095-15.2016
https://doi.org/10.1523/JNEUROSCI.4095-15.2016
https://doi.org/10.1016/S0028-3932(03)00145-3
https://doi.org/10.1016/S0028-3932(03)00145-3
https://doi.org/10.1016/S0896-6273(00)80833-8
https://doi.org/10.1016/S0896-6273(00)80833-8
https://doi.org/10.1080/17470210701623605
https://doi.org/10.1080/17470210701623605
http://www.deutschestextarchiv.de/book/show/frege_sinn_1892%5D
http://www.deutschestextarchiv.de/book/show/frege_sinn_1892%5D
https://doi.org/10.1093/cercor/10.7.698
https://doi.org/10.1098/rstb.2003.1315
https://doi.org/10.1080/02643290442000310
https://doi.org/10.1037/0096-3445.120.1.90
https://doi.org/10.1075/cilt.175
https://doi.org/10.1016/j.pragma.2003.10.009
https://doi.org/10.1016/j.pragma.2003.10.009
https://doi.org/10.1017/S0140525X97000010
https://doi.org/10.3758/BF03196313
https://doi.org/10.1080/01638539909545067
https://doi.org/10.1080/01638539909545067
https://doi.org/10.1080/17470210701625550
https://doi.org/10.1080/17470210701625550
https://doi.org/10.1016/j.neuroimage.2006.03.037
https://doi.org/10.1016/j.neuroimage.2006.03.037
https://doi.org/10.3389/fnhum.2014.00968
https://doi.org/10.3389/fnhum.2014.00968
https://doi.org/10.1016/j.bandl.2013.01.012
https://doi.org/10.1016/j.bandl.2013.01.012
https://doi.org/10.1006/nimg.2001.1028
https://doi.org/10.1006/nimg.2001.1028
https://doi.org/10.1016/S0896-6273(03)00838-9
https://doi.org/10.1016/S0896-6273(03)00838-9
https://doi.org/10.1523/JNEUROSCI.3783-10.2010
https://doi.org/10.1523/JNEUROSCI.3783-10.2010
https://doi.org/10.1037/0278-7393.25.3.721
https://doi.org/10.1037/0278-7393.25.3.721
https://doi.org/10.1037/0096-1523.1.2.130
https://doi.org/10.1037/0096-1523.1.2.130
https://doi.org/10.1016/j.concog.2010.06.020
https://doi.org/10.1016/j.cortex.2010.11.001
https://doi.org/10.1016/j.cortex.2011.04.006
https://doi.org/10.1016/j.cortex.2011.04.006
https://doi.org/10.1002/(SICI)1097-0193(1999)7:4%3C225::AID-HBM1%3E3.0.CO;2-P
https://doi.org/10.1002/(SICI)1097-0193(1999)7:4%3C225::AID-HBM1%3E3.0.CO;2-P
https://doi.org/10.1037/0278-7393.20.4.804
https://doi.org/10.1037/0278-7393.20.4.804
https://doi.org/10.1037/a0021446
https://doi.org/10.1080/17470910701458551

1400

Brain Structure and Function (2019) 224:1385-1401

Neuropsychol 22:480-494. https://doi.org/10.1080/0264329044
2000446

Mahon BZ, Caramazza A (2008) A critical look at the embodied cog-
nition hypothesis and a new proposal for grounding conceptual
content. J Physiol 102:59-70. https://doi.org/10.1016/j.jphysparis
.2008.03.004

Marino BF, Gallese V, Buccino G, Riggio L (2012) Language senso-
rimotor specificity modulates the motor system. Cortex 48:849—
856. https://doi.org/10.1016/j.cortex.2010.12.003

Marino BF, Gough PM, Gallese V, Riggio L, Buccino G (2013) How
the motor system handles nouns: a behavioral study. Psychol Res
77:64-73. https://doi.org/10.1007/s00426-011-0371-2

Marino BF, Sirianni M, Dalla Volta R, Magliocco F, Silipo F, Quat-
trone A, Buccino G (2014) Viewing photos and reading nouns
of natural graspable objects similarly modulate motor responses.
Front Human Neurosci 8:Article 968. https://doi.org/10.3389/
fnhum.2014.00968

Martin A (2007) The representation of object concepts in the brain.
Annu Rev Psychol 58:25-45. https://doi.org/10.1146/annur
ev.psych.57.102904.190143

Newcombe PI, Campbell C, Siakaluk PD, Pexman PM (2012) Effects
of emotional and sensorimotor knowledge in semantic processing
of concrete and abstract nouns. Front Human Neurosci 6:article
275. https://doi.org/10.3389/fnhum.2012.00275

Nittono H, Suehiro M, Hori T (2002) Word imageability and N400 in
an incidental memory paradigm. Int J Psychophysiol 44:219—
229. https://doi.org/10.1016/S0167-8760(02)00002-8

Noppeney U, Price CJ (2004) Retrieval of abstract semantics. Neu-
rolmage 22:164-170. https://doi.org/10.1016/j.neuroimage
.2003.12.010

Paivio A (1971) Imagery and verbal processes. Holt, Rinehart

Paivio A (1986) Mental representations: a dual coding approach.
Oxford University Press, Oxford

Paivio A (1991) Dual coding theory: retrospect and current status. Can
J Psychol 45:255-287. https://doi.org/10.1037/h0084295

Paulesu E, Frith CD, Frackowiak RSJ (1993) The neural correlates of
the verbal component of working memory. Nature 362:342-345.
https://doi.org/10.1038/362342a0

Perani D, Cappa SF, Schnur T, Tettamanti M, Collina S, Rosa MM,
Fazio F (1999) The neural correlates of verb and noun process-
ing. A PET study. Brain 122:2337-2344. https://doi.org/10.1093/
brain/122.12.2337

Perani D, Fazio F, Borghese NA, Tettamanti M, Ferrari S, Decety J,
Gilardi MC (2001) Different brain correlates for watching real
and virtual hand actions. Neurolmage 14:749-758. https://doi.
org/10.1006/nimg.2001.0872

Pulvermiiller F (1999) Words in the brain’s language. Behav Brain
Sci 22:253-336. https://doi.org/10.1017/S0140525X9900182X

Pulvermiiller F (2002) A brain perspective on language mechanisms:
from discrete engrams to serial order. Prog Neurobiol 67:85-111.
https://doi.org/10.1016/S0301-0082(02)00014-X

Pulvermiiller F (2013) Semantic embodiment, disembodiment or
misembodiment? In search of meaning in modules and neuron
circuits. Brain Lang 127:86—-103. https://doi.org/10.1016/j.bandl
.2013.05.015

Pylyshyn Z (1984) Computation and cognition. The MIT Press,
Cambridge

Quine VW (1953) From a logical point of view. Harvard University
Press, Cambridge

Rorty R (1979) Philosophy and the mirror of nature. Princeton Uni-
versity Press, Princeton

Rubin DC (1980) 51 properties of 125 words: a unit analysis of verbal
behaviour. J Verbal Learn Verbal Behav 19:736-755. https://doi.
0rg/10.1016/S0022-5371(80)90415-6

Russell B (1905) On denoting. Mind 14:479-493. https://www.jstor
.org/stable/2248381

@ Springer

Sato M, Mengarelli M, Riggio L, Gallese V, Buccino G (2008) Task
related modulation of the motor system during language pro-
cessing. Brain Lang 105:83-90. https://doi.org/10.1016/j.band]l
.2007.10.001

Schuil KDI, Smits M, Zwaan RA (2013) Sentential context modu-
lates the involvement of the motor cortex in action language
processing: an fMRI study. Front Human Neurosci 7:Article
100. https://doi.org/10.3389/fnhum.2013.00100

Schwanenflugel PJ (1991) Why are abstract concepts hard to under-
stand? In: Schwanenflugel P (ed) The psychology of word
meanings. Erlbaum, London, pp 223-250

Schwanenflugel PJ, Shoben EJ (1983) Differential context effects in
the comprehension of abstract and concrete verbal materials.
J Exp Psychol Learn Memory Cognit 9:82—102. https://doi.
org/10.1037/0278-7393.9.1.82

Schwanenflugel PJ, Stowe RW (1989) Context availability and the
processing of abstract and concrete words in sentences. Read
Res Q 24:114-126. https://doi.org/10.3758/BF03208259

Schwanenflugel PJ, Harnishfeger KK, Stowe RW (1988) Context
availability and lexical decisions for abstract and concrete
words. ] Mem Lang 27:499-520. https://doi.org/10.1016/0749-
596X(88)90022-8

Scorolli C, Jacquet PO, Binkofski F, Nicoletti R, Tessari A, Borghi
AM (2012) Abstract and concrete phrases processing differen-
tially modulates cortico-spinal excitability. Brain Res 1488:60—
71. https://doi.org/10.1016/j.brainres.2012.10.004

Sellars W (1950) Empiricism and abstract entities. Revue Interna-
tionale de Philosophie 9:20-40

Sellars W (1956) Empiricism and the philosophy of mind. In: Feigl
H, Scriven M (ed) Minnesota Studies in the Philosophy of
Science, Vol I: The Foundations of Science and the Concepts
of Psychology and Psychoanalysis. University of Minnesota,
pp 253-329

Tettamanti M, Buccino G, Saccuman MC, Gallese V, Danna M,
Scifo P, Fazio F, Rizzolatti G, Cappa SF, Perani D (2005)
Listening to action-related sentences activates fronto-parietal
motor circuits. J Cogn Neurosci 17:273-281. https://doi.
org/10.1162/0898929053124965

Tremblay P, Sato M, Small SL (2012) TMS-induced modulation of
action sentence priming in the ventral premotor cortex. Neu-
ropsychologia 50:319-326. https://doi.org/10.1016/j.neuro
psychologia.2011.12.002

Tucker M, Ellis R (2004) Action priming by briefly presented
objects. Acta Physiol (Oxf) 116:185-203. https://doi.
org/10.1016/j.actpsy.2004.01.004

Vigliocco G, Meteyard L, Andrews M, Kousta S (2009) Toward a
theory of semantic representation. Lang Cognit 1:215-244.
https://doi.org/10.1515/LANGCOG.2009.011

Vigliocco G, Kousta ST, Della Rosa PA, Vinson DP, Tettamanti
M, Devlin JT, Cappa SF (2014) The neural representation of
abstract words: the role of emotion. Cereb Cortex 24:1767—
1777. https://doi.org/10.1093/cercor/bht025

Vogt S, Buccino G, Wohlschldager AM, Canessa N, Shah NJ, Zilles K,
Eickhoff SB, Freund HJ, Rizzolatti G, Fink GR (2007) Prefron-
tal involvement in imitation learning of hand actions: effects
of practice and expertise. NeuroIlmage 37:1371-1383. https://
doi.org/10.1016/j.neuroimage.2007.07.005

Wang J, Conder JA, Blitzer DN, Shinkareva SV (2010) Neural repre-
sentation of abstract and concrete concepts: a meta-analysis of
neuroimaging studies. Hum Brain Mapp 31:1459-1468. https
://doi.org/10.1002/hbm.20950

Warburton E, Wise RJS, Price CJ, Weiller C, Hadar U, Ramsay S,
Frackowiak RSJ (1996) Noun and verb retrieval by normal
subjects. Studies with PET. Brain 119:159-179. https://doi.
org/10.1093/brain/119.1.159


https://doi.org/10.1080/02643290442000446
https://doi.org/10.1080/02643290442000446
https://doi.org/10.1016/j.jphysparis.2008.03.004
https://doi.org/10.1016/j.jphysparis.2008.03.004
https://doi.org/10.1016/j.cortex.2010.12.003
https://doi.org/10.1007/s00426-011-0371-2
https://doi.org/10.3389/fnhum.2014.00968
https://doi.org/10.3389/fnhum.2014.00968
https://doi.org/10.1146/annurev.psych.57.102904.190143
https://doi.org/10.1146/annurev.psych.57.102904.190143
https://doi.org/10.3389/fnhum.2012.00275
https://doi.org/10.1016/S0167-8760(02)00002-8
https://doi.org/10.1016/j.neuroimage.2003.12.010
https://doi.org/10.1016/j.neuroimage.2003.12.010
https://doi.org/10.1037/h0084295
https://doi.org/10.1038/362342a0
https://doi.org/10.1093/brain/122.12.2337
https://doi.org/10.1093/brain/122.12.2337
https://doi.org/10.1006/nimg.2001.0872
https://doi.org/10.1006/nimg.2001.0872
https://doi.org/10.1017/S0140525X9900182X
https://doi.org/10.1016/S0301-0082(02)00014-X
https://doi.org/10.1016/j.bandl.2013.05.015
https://doi.org/10.1016/j.bandl.2013.05.015
https://doi.org/10.1016/S0022-5371(80)90415-6
https://doi.org/10.1016/S0022-5371(80)90415-6
https://www.jstor.org/stable/2248381
https://www.jstor.org/stable/2248381
https://doi.org/10.1016/j.bandl.2007.10.001
https://doi.org/10.1016/j.bandl.2007.10.001
https://doi.org/10.3389/fnhum.2013.00100
https://doi.org/10.1037/0278-7393.9.1.82
https://doi.org/10.1037/0278-7393.9.1.82
https://doi.org/10.3758/BF03208259
https://doi.org/10.1016/0749-596X(88)90022-8
https://doi.org/10.1016/0749-596X(88)90022-8
https://doi.org/10.1016/j.brainres.2012.10.004
https://doi.org/10.1162/0898929053124965
https://doi.org/10.1162/0898929053124965
https://doi.org/10.1016/j.neuropsychologia.2011.12.002
https://doi.org/10.1016/j.neuropsychologia.2011.12.002
https://doi.org/10.1016/j.actpsy.2004.01.004
https://doi.org/10.1016/j.actpsy.2004.01.004
https://doi.org/10.1515/LANGCOG.2009.011
https://doi.org/10.1093/cercor/bht025
https://doi.org/10.1016/j.neuroimage.2007.07.005
https://doi.org/10.1016/j.neuroimage.2007.07.005
https://doi.org/10.1002/hbm.20950
https://doi.org/10.1002/hbm.20950
https://doi.org/10.1093/brain/119.1.159
https://doi.org/10.1093/brain/119.1.159

Brain Structure and Function (2019) 224:1385-1401

1401

Whaley CP (1978) Word-nonword classification times. J Verbal Learn
Verbal Behav 17:143-154. https://doi.org/10.1016/S0022
-5371(78)90110-X

Wilson-Mendenhall CD, Barrett LF, Simmons WK, Barsalou LW
(2011) Grounding emotion in situated conceptualization. Neu-
ropsychologia 49:1105-1127. https://doi.org/10.1016/j.neuro
psychologia.2010.12.032

Wilson-Mendenhall CD, Simmons WK, Martin A, Barsalou LW
(2013a) Contextual processing of abstract concepts reveals neu-
ral representations of non-linguistic semantic content. J Cogn
Neurosci 25:920-935. https://doi.org/10.1162/jocn_a_00361

Wilson-Mendenhall CD, Barrett LF, Barsalou LW (2013b) Situating
emotional experience. Front Human Neurosci 26:764. https://doi.
org/10.3389/fnhum.2013.00764

Zaidel E (1978) Auditory language comprehension in the right hemi-
sphere following commissurotomy and hemispherectomy: a
comparison with child language and aphasia. In: Caramazza A,

Zurif EB (eds) Language acquisition and language breakdown;
parallels and divergences. The Johns Hopkins University Press,
Baltimore, pp 229-275

Zwaan RA (2004) The immersed experiencer. toward and embodied
theory of language comprehension. In: Ross B (ed) The psy-
chology of learning and motivation, vol 44. Academic Press,
pp 35-62

Zwaan RA, Taylor LJ (2006) Seeing, acting, understanding: motor
resonance in language comprehension. J Exp Psychol Gen
135:1-11. https://doi.org/10.1037/0096-3445.135.1.1

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/S0022-5371(78)90110-X
https://doi.org/10.1016/S0022-5371(78)90110-X
https://doi.org/10.1016/j.neuropsychologia.2010.12.032
https://doi.org/10.1016/j.neuropsychologia.2010.12.032
https://doi.org/10.1162/jocn_a_00361
https://doi.org/10.3389/fnhum.2013.00764
https://doi.org/10.3389/fnhum.2013.00764
https://doi.org/10.1037/0096-3445.135.1.1

	The concreteness of abstract language: an ancient issue and a new perspective
	Abstract
	Introduction
	Abstractness in philosophy
	Theoretical frameworks in psychology and neuroscience
	Abstract language in the brain
	Embodying abstract language: towards an operational definition of abstractness
	Conclusion
	References


