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Abstract: For a very long time, theorizing in the cognitive sciences was dominated by the assumption 
that abstract concepts, which lack a perceivable referent, can only be handled by amodal or verbal 
linguistic representations. In the last years, however, refined grounded cognition theories emphasizing 
the importance of emotional and introspective information for abstract concepts, in addition to 
verbal associations and sensorimotor information, have received increasing support. Here, we review 
theoretical accounts of the structure and neural basis of conceptual memory and evaluate them in light 
of recent empirical evidence with regard to the processing of concrete and abstract concepts. Based on 
this literature review, we argue that abstract concepts should not be treated as a homogenous conceptual 
category, whose meaning is established by one single specific type of representation. Instead, depending 
on the feature composition, there are different subgroups of abstract concepts, including those with 
strong relations to vision or action, which are represented in the visual and motor brain systems similar 
to concrete concepts. The reviewed findings with regard to concrete and abstract concepts can be 
accommodated best by hybrid theories of conceptual representation assuming an interaction between 
modality-specific, multimodal and amodal hub areas.
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Introduction
Concepts held in semantic long-term memory are important for various aspects of cognition: They support 
problem solving, object recognition, action planning and verbal communication, because they are basic 
units of cognition and constitute the meaning of objects, events or abstract ideas (Humphreys, Riddoch, 
& Quinlan, 1988; Kiefer & Pulvermüller, 2012; Levelt, Roelofs, & Meyer, 1999). It is generally accepted that 
concepts provide factual knowledge generalizing across exemplars and situations in a categorical fashion 
(Humphreys et al., 1988; Kiefer & Pulvermüller, 2012; Tulving, 1972). Concepts refer to concrete objects 
or actions, but also have referents, which cannot be directly perceived, like mental or emotional states, 
abstract ideas, social constellations and scientific theories. The latter types of concepts, which do not refer 
to physical entities, are typically termed “abstract concepts”. Abstract concepts are a challenge for all 
theories of conceptual representations, because their semantic content is highly variable and dependent 
on the context (Borghi et al., 2017; Dove, 2016; Hoffman, 2016). Consider the abstract concept “JUSTICE”: 
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There might be quite different definitions and interpretations of the meaning of this abstract concept across 
individuals and contexts compared to the concrete concept “TABLE”. Abstract concepts are furthermore a 
particular challenge for grounded cognition or embodied cognition theories, which assume that conceptual 
representations are essentially rooted in modal experiential information (Barsalou, Simmons, Barbey, & 
Wilson, 2003; Bermeitinger & Kiefer, 2012; Kiefer & Pulvermüller, 2012; Kiefer & Spitzer, 2001; Lakoff & 
Johnson, 1999; Pulvermüller, 2005). Although the terms “grounded cognition” and “embodied cognition” 
are frequently exchangeably used, these terms occasionally refer to slightly different classes of theories, 
depending on the precise theoretical stance1. For the purpose of this article, we use the somewhat broader 
term “grounded cognition theories” to refer to theories, which emphasize the relevance of modal experiential 
information for cognition. Before returning to the research on abstract concepts, we first introduce two 
competing classes of current theories aimed at explaining conceptual representations in more detail: 
amodal theories vs. grounded cognition theories.

Theories of conceptual representations: amodal vs. grounded 
cognition approaches
In the modern cognitive sciences, concepts have been traditionally viewed as abstract mental entities, 
different from the perceptual or motor brain systems (Anderson, 1983; Mahon & Caramazza, 2009; Pylyshyn, 
1984; Quillian, 1969; Tyler & Moss, 2001): Sensory or motor features of objects and events are assumed to be 
transformed into a common amodal representation format, detached from modality-specific information. 
According to this traditional view, conceptual information is represented in an amodal fashion (Machery, 
2007; Mahon & Caramazza, 2009; Weiskopf, 2010). Popular examples for such amodal theories are semantic 
network models (Collins & Loftus, 1975; Quillian, 1969) or some forms of connectionist network models 
(Caramazza, Hillis, Rapp, & Romani, 1990; Devlin, Gonnerman, Andersen, & Seidenberg, 1998; McClelland 
& Rogers, 2003; Rogers et al., 2004; Tyler & Moss, 2001). In these amodal models, all kind of information 
is stored in a modality-independent form. At an anatomical level, amodal conceptual representations are 
assumed to be held in heteromodal association cortex such as the anterior temporal (McClelland & Rogers, 
2003; Rogers et al., 2004) or posterior temporal cortex (Hoffman, Pobric, Drakesmith, & Ralph, 2012), 
so-called semantic hubs. Although some traditional theories do not deny the involvement of the sensory 
and motor systems in conceptual tasks, they assume that activation of modality-specific representations 
during language comprehension or conceptual thinking is only an auxiliary or concomitant process after 
the amodal concept has been accessed, due to imagery (Machery, 2007) or passive spreading of activation 
to input or output levels (Mahon, 2015a, 2015b).

In contrast to this classical view, grounded cognition approaches propose that concepts are essentially 
rooted in perception and action (Barsalou et al., 2003; Gallese & Lakoff, 2005; Kiefer & Barsalou, 2013; Kiefer 
& Pulvermüller, 2012; Kiefer & Spitzer, 2001; Lakoff & Johnson, 1999; Martin & Chao, 2001; Pulvermüller, 
2005; Warrington & McCarthy, 1987). Distributed modality-specific representations of external (perception) 
and internal states (proprioception, emotion and introspection), as well as actions, are hypothesized 
to establish conceptual representations and thus play a functional role in conceptual cognition. At a 
neuroanatomical level, it is assumed that activation of cell assemblies in distinct brain areas responsible 

1  While some embodied cognition theories confine experiential information to the sensory-motor systems, grounded cognition 
theories are typically broader and also consider the relevance of experiential information based on introspection and emotional 
states. Furthermore, strong embodied cognition theories assume a complete functional and neuroanatomical overlap between 
sensory-motor and conceptual processing, including mandatory activation of primary sensory-motor brain areas (for a discus-
sion, see Meteyard, Cuadrado, Bahrami, & Vigliocco, 2012). In contrast, weaker embodied cognition theories and grounded 
cognition theories propose a partial overlap between sensory-motor and conceptual processing (for further differentiations bet-
ween grounded and embodied cognition theories, see Kiefer & Barsalou, 2013). Accumulating evidence speaks against strong 
variants of embodied cognition theories, but support weaker embodied or grounded cognition theories (see discussions in 
Meteyard et al., 2012; Popp, Trumpp, & Kiefer, 2019a; Popp, Trumpp, Sim, & Kiefer 2019b). We return to this issue later in this 
article in more detail.
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for sensory, motor, introspective and emotional processes constitute the concept. These modality-specific 
systems are situationally recruited as a function of task demands, resulting in a flexible composition of 
features contributing to the concept (Hoenig, Sim, Bochev, Herrnberger, & Kiefer, 2008; Popp et al., 2019a; 
Pulvermüller, 2018; van Dam, van Dijk, Bekkering, & Rueschemeyer, 2012).

Note that, besides top-down processes triggered by task demands, factors related to bottom-up 
processes such as word class (Perani et al., 1999), conceptual category (Kiefer, 2005; Trumpp, Traub, & 
Kiefer, 2013b) or psycholinguistic variables (Lewis & Frank, 2016) have been found to influence conceptual 
processing. These effects have been observed in shallow conceptual tasks such as lexical decision (Kiefer, 
Sim, Herrnberger, Grothe, & Hoenig, 2008) or passive viewing (Trumpp et al., 2013b) as well as under visual 
masking conditions (Trumpp, Traub, Pulvermüller, & Kiefer, 2014), which prevent visual awareness of the 
stimuli. This indicates that modality-specific representations are automatically activated in a bottom-up 
fashion. Recent research in the area of unconscious cognition indicates that even automatic processes are 
susceptible to top-down influences (Kiefer, 2019; Kiefer & Martens, 2010). Hence, automatic bottom-up 
activation of modality-specific conceptual features and modulation of this activity by top-down factors are 
not contradictory.

Forced by empirical evidence described below, hybrid frameworks combine assumptions of amodal 
and grounded cognition theories (Hoffman, McClelland, & Ralph, 2018; Kiefer & Pulvermüller, 2012; 
Patterson, Nestor, & Rogers, 2007). According to these hybrid models, conceptual representations depend 
on an interaction between modality-specific, multimodal and amodal conceptual hub areas, the latter 
serving supramodal semantic binding and integration. These hybrid theories are also called hub and 
spokes models (Patterson & Ralph, 2016; Ralph, Jefferies, Patterson, & Rogers, 2017). We return to these 
hybrid models in the next sections. 

The easier case: Processing of concrete concepts
The functional neuroanatomical architecture of the conceptual system has been intensively investigated in 
the past using concrete concepts as stimuli because their semantic content can be more clearly characterized 
(Barsalou & Wiemer-Hastings, 2005). Concrete concepts are also easier to investigate because conceptual 
taxonomies, as well as categories within a taxonomy such as tools or animals, can be more unequivocally 
defined (e.g., Rosch, 1973, 1975) compared to abstract concepts.

Evidence for amodal conceptual hubs

Within this research on concrete concepts, initial evidence for the existence of an amodal semantic hub in 
anterior temporal cortex comes from neuropsychological studies in patients with Semantic Dementia, a 
relatively focal brain damage in the temporal pole and its vicinity due to a degenerative disease (Patterson 
et al., 2007; Rogers et al., 2004). Patients with Semantic Dementia exhibit a general loss of conceptual 
knowledge across all conceptual categories (including animals, tools etc.) or conceptual feature types 
(e.g., visual, auditory, action-related). The functional importance of anterior temporal areas for semantic 
processing has been replicated in healthy volunteers with transcranial magnetic stimulation (TMS). TMS 
to anterior temporal areas deteriorated performance in semantic tasks for pictures and words similar to 
the deficit seen in Semantic Dementia (Pobric, Jefferies, & Lambon Ralph, 2010). As the impairment in 
Semantic Dementia generalized across conceptual information derived from different modalities, it has been 
proposed that regions within anterior temporal cortex hold amodal conceptual representations (McClelland 
& Rogers, 2003; Patterson et al., 2007; Rogers et al., 2004). Meta-analyses of functional magnetic resonance 
imaging (fMRI) and positron emission tomography studies (PET) in healthy volunteers provided evidence 
for further hub regions, which were activated independent of conceptual category and feature content 
(Binder, Desai, Graves, & Conant, 2009). Inferior parietal, posterior middle temporal and medial prefrontal 
regions are thought to serve as convergence zones, which code amodal conceptual representations (Binder, 
2016), whereas inferior prefrontal areas are seen to be part of a conceptual control network supporting 
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controlled retrieval of conceptual information (Thompson-Schill, D’Esposito, & Kan, 1999; Ulrich, Hoenig, 
Grön, & Kiefer, 2013; Wagner, Paré-Blagoev, Clark, & Poldrack, 2001).

Recent evidence suggests that some hub regions such as inferior parietal cortex do not necessarily 
hold amodal representations but may retain modal feature content (Kuhnke, Kiefer, & Hartwigsen, 2020). 
These semantic hubs should therefore be better considered as multimodal, rather than amodal regions. 
Most likely, a hierarchy of processing circuits ranging from lower-level modality-specific cortex over bi-, tri- 
or multimodal regions up to top-level amodal areas in heteromodal cortex, presumably indexing increasing 
levels of abstraction, establishes conceptual representations (Kuhnke et al., 2020; Popp et al., 2019b). We 
return to this issue later in this article in more detail.

Evidence for modality-specific conceptual systems

However, there is also converging evidence in support of grounded cognition theories demonstrating 
differential involvement of brain areas in the processing of words and concepts of different concrete 
conceptual categories (for an overview, see Kemmerer & Gonzalez-Castillo, 2010; Kiefer & Barsalou, 2013; 
Kiefer & Pulvermüller, 2012; Pulvermüller & Fadiga, 2010). PET and fMRI studies in healthy participants 
(e.g., Hoenig et al., 2008; Martin, Wiggs, Ungerleider, & Haxby, 1996; Simmons, Martin, & Barsalou, 2005) 
demonstrated activation in sensory-motor brain areas in a broad range of conceptual tasks. In the most 
convincing neuroimaging, but also behavioral, patient and brain stimulation experiments, a theory-
driven experimental approach is used (e.g., Hauk, Johnsrude, & Pulvermüller, 2004; Kiefer et al., 2008; 
Pulvermüller, Hauk, Nikulin, & Ilmoniemi, 2005; Trumpp, Kliese, Hoenig, Haarmaier, & Kiefer 2013a). In a 
first step, researchers determined the semantic content of concrete concepts, for instance, by using feature 
ratings or property listings, and selected sets of concepts with a high relevance of a given feature type 
originating from a specific modality (e.g., motor features or acoustic features). In the second step, such a 
priori specified conceptual categories are presented in the main experiment, including neurophysiological 
recordings and/or behavioral performance measures. Several fMRI studies investigating the processing of 
motor- (Hauk et al., 2004), visual- (Simmons et al., 2007), sound- (Kiefer et al., 2008), gustatory- (Simmons 
et al., 2005) and olfactory-related (Gonzalez et al., 2006) concepts found increased activity in corresponding 
sensory or motor brain regions. This shows that the modal representation of conceptual features in the 
corresponding sensorimotor brain areas is a general principle that applies to many modalities.

Event-related potential studies, which track the time course of conceptual processing with a high 
temporal resolution showed differential ERPs in response to conceptual categories starting at about 150 ms 
after target onset (Hauk & Pulvermüller, 2004; Hoenig et al., 2008; Kiefer, Sim, Helbig, & Graf, 2011). The early 
onset of differential effects speaks in favor of early lexico-semantic processes in conceptual processing and 
contradicts a postconceptual explanation such as imagery, semantic elaboration or spreading activation. 

Neurophysiological studies only provide correlational information about conceptual processing in 
the perception and action systems. In order to test a functional contribution of modality-specific brain 
areas, lesion, behavioral interference or TMS studies are unavoidable. Such studies indicated that visual 
(Vermeulen, Corneille, & Niedenthal, 2008), auditory (Trumpp et al., 2013a) and action information (Helbig, 
Steinwender, Graf, & Kiefer, 2010; Pulvermüller et al., 2005) plays a functional role in the processing of 
concrete concepts.

Using mapping of sensory and motor areas with functional localizer tasks, recent fMRI studies (Kuhnke 
et al., 2020; Popp et al., 2019b) indicated that not only modality-specific brain areas as defined by localizer 
tasks (e.g., acoustic localizer: listening to sounds; motor localizer: moving the hands) but also adjacent 
higher-level multimodal regions responded to concepts with a high relevance of a given feature type (e.g., 
acoustic or action features). Activity in both modality-specific and multimodal regions was modulated by 
task demands indicating conceptual flexibility at various levels of the conceptual processing hierarchy.
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Hybrid models: Interplay between modality-specific, multimodal and amodal pro-
cessing circuits

Evidence obtained with concrete concepts reviewed above suggests an interplay between modality-specific, 
bi- or trimodal, multimodal and amodal semantic hub regions. Modality-specific and multimodal regions 
presumably represent conceptual feature content, whereas amodal semantic hubs code conceptual 
information in an overarching supramodal fashion. We, therefore, propose that a hierarchy of processing 
circuits ranging from lower-level modality-specific cortex over multimodal regions up to top-level amodal 
areas in heteromodal cortex, presumably indexing increasing levels of abstraction, establishes conceptual 
representations. The available evidence is thus most consistent with hybrid models of conceptual 
representations combining modality-specific and multimodal circuits with amodal conceptual hubs 
(Binder, 2016; Fernandino, Humphries, Conant, Seidenberg, & Binder, 2016; Garagnani & Pulvermüller, 
2016; Hoffman et al., 2018; Kiefer & Pulvermüller, 2012; Kiefer, Schuch, Schenck, & Fiedler, 2007a; Kuhnke 
et al., 2020; Patterson et al., 2007; Popp et al., 2019b; Pulvermüller et al., 2010; Simmons & Barsalou, 2003). 
Activity within this processing hierarchy is modulated as a function of task or context, providing the neural 
basis of conceptual flexibility (Kemmerer, 2015a; Kuhnke et al., 2020; Popp et al., 2019b).

Abstract concepts: The new frontier
In contrast to the well-investigated concrete concepts, the representation of abstract concepts, such as 
abstract ideas or scientific theories, imposes challenges for all classes of theories and opens a new frontier in 
the research on the nature of concepts for the following reasons (see also, Dove, 2016): Abstract concepts are 
more complex and ambiguous than concrete concepts because they apply to more and rather heterogeneous 
situations (Barsalou & Wiemer-Hastings, 2005; Hoffman, Ralph, & Rogers, 2013). Therefore, all models 
of conceptual representations have to deal with a high degree of conceptual flexibility. Furthermore, 
by definition, abstract concepts do not refer to physical objects that can be directly experienced by the 
senses. For that reason, their semantic content is less obvious compared to concrete concepts, which refer 
to a physical object or to a well-defined event. Abstract concepts are a particular challenge for grounded 
cognition theories because at the first glance, it is hard to imagine how concepts without a referent, which 
can be perceived or acted upon, could be grounded in the sensory and motor brain systems (Dove, 2009, 
2016). Hence, the mere existence of abstract concepts appears to falsify grounded cognition theories and 
seems to point to an amodal symbolic or verbal representation.

Representational dualism and the Dual Coding Theory

In fact, past research was dominated for a long time by the view that abstract concepts require amodal, 
symbolic (Mahon & Caramazza, 2009) or verbal representations (Paivio, 1986), the latter view is also 
present in current theoretical considerations (Dove, 2016). Although amodal or verbal representations have 
in principle sufficient computational power to code the meaning of abstract concepts, this explanation 
appears somewhat ad-hoc: Given that converging evidence points to a modality-specific representation of 
concrete concepts, as described in the previous section, the request for an amodal or verbal representation 
of abstract concepts establishes a representational dualism for abstract vs. concrete concepts but does not 
lead to an integrated mechanistic theory, capable of explaining the representation of both types of concepts 
(Kiefer & Pulvermüller, 2012).

Such a representational dualism dates back to the influential work by Paivio on his Dual Coding 
Theory (Paivio, 1986). Paivio (1986) assumed that abstract concepts are stored in a verbal-symbolic code, 
while concrete concepts rely on both a visual imaginary and a verbal-symbolic code. Early studies were 
predominantly inspired by the Dual Coding Theory. They investigated differences in the processing between 
abstract and concrete concepts at a behavioral and neural level. In this line of research, abstract concepts 
were treated as a homogenous conceptual category, solely defined by a referent with a lack of unique 
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physical features. This research yielded a processing advantage for words referring to concrete concepts 
in comparison to words referring to abstract concepts, the so-called “concreteness effect”: Concrete words 
are remembered better (Marschark & Paivio, 1977) and recognized faster than abstract words (James, 1975). 
This effect has been explained by dual coding for concrete concepts (visual and verbal-symbolic codes) 
and the exclusively verbal-symbolic coding of abstract concepts. It has, however, been argued that concrete 
and abstract words only differ with regard to the availability of contextual information, e.g., situations in 
which the concept is encountered, but do not differ with regard to representational codes. This argument is 
based on the observation that the concreteness effect is reduced when target words were presented within 
a sentence context (Schwanenflugel & Akin, 1994). 

Research on the neural substrate of concrete and abstract words yielded inconsistent results. According 
to the Dual Coding Theory, abstract concepts rely on a verbal-symbolic code and should predominantly 
activate language regions in the left hemisphere. Concrete concepts, in contrast, due to dual coding, should 
activate both the left hemisphere language network as well as the visual imagery network in the right 
hemisphere. Some neuroimaging studies found a greater left hemisphere activation in language regions for 
abstract words and greater right hemisphere activation for concrete words as predicted by the Dual Coding 
Theory (e.g., Binder, Westbury, McKiernan, Possing, & Medler, 2005).

Other studies observed left hemisphere activity for both word classes (e.g., Sabsevitz, Medler, 
Seidenberg, & Binder, 2005) with greater activity within language regions for abstract concepts and greater 
activity within the visual system for concrete concepts (e.g., Desai, Binder, Conant, Mano, & Seidenberg, 
2011; Sakreida et al., 2013). Others obtained activity within the sensory-motor system for both abstract and 
concrete words (Pexman, Hargreaves, Edwards, Henry, & Goodyear, 2007), sometimes complemented by 
activity in left hemisphere language regions (Desai et al., 2011), or even greater right hemisphere involvement 
for abstract words (Kiehl et al., 1999).

A meta-analysis (Wang, Conder, Blitzer, & Shinkareva, 2010) yielded a greater engagement of left 
hemisphere perceptual areas for concrete concepts, whereas abstract concepts activated left temporal 
language regions, particularly the middle and superior temporal gyri, and the left inferior frontal gyrus 
more strongly than concrete concepts. Although abstract concepts most consistently activated left 
hemisphere language regions, suggesting relatively greater importance of verbal information for this 
conceptual category (Dove, 2014), findings were remarkably variable. This suggests that abstract concepts, 
like concrete concepts, are quite heterogeneous. Most likely, they depend on different types of conceptual 
feature information and not exclusively on verbal information. We discuss these issues in the next sections 
of this article.

Beyond representational dualism: Grounded cognition theories and their 
refinements

When applied to the representation of abstract concepts, grounded cognition theories are confronted with 
the apparent paradox to explain the representation of a mental entity, which lacks a clearly perceivable 
referent, by means of its foundations in action and perception. One of the first attempts to apply the grounded 
cognition theory to abstract concepts was the Conceptual Metaphor Theory (CMT) (Lakoff & Johnson, 1980). 
CMT assumes that perceptual and action information constitutes the meaning of abstract concepts through 
metaphoric relations to concrete concepts. It is argued that abstract concepts are understood by mapping 
them to a concrete knowledge domain, which provides their grounding in perception and action. CMT has 
stimulated many studies yielding support for concepts mapped to space such as “TIME”, “POWER” or 
“DIVINITY” (Pecher, Boot, & Van Dantzig, 2011). However, it is unlikely that metaphoric relations can be 
established for all abstract concepts.

Barsalou and Wiemer-Hastings (2005) therefore propose that abstract concepts receive a direct 
grounding in sensorimotor experience because they refer to concrete situations to which they apply. 
Representations underlying abstract concepts might be formed by collections of concrete situations that 
share the abstract concept. Abstract concepts are thus thought to be grounded in situations and can be 
simulated in modality-specific brain systems. Thinking about the abstract concept “JUSTICE”, for instance, 
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might reactivate sensory and motor memory traces of a situation, in which one saw four children evenly 
sharing twelve candies. In a property generation study, Barsalou and Wiemer-Hastings (2005) asked 
participants to produce associations with regard to abstract (e.g., “FREEDOM”), concrete (e.g., “CAR”) and 
intermediate (e.g., “FARM”) concepts. Although situational experiences were generated for all types of 
concepts, abstract concepts were mainly associated with introspections, mental states and social aspects of 
situations. This indicates that, in addition to perception and action, other types of information contributes 
to the meaning of abstract concepts.

The Affective Embodiment Account (AEA) emphasizes the importance of affective information for 
establishing the meaning of abstract concepts (Kousta, Vigliocco, Vinson, Andrews, & Del Campo, 2011). 
Likewise, in expanding the grounded cognition account, we and others have suggested that abstract 
concepts might not only be grounded in the perception of external events such as situations, but also in 
the introspection of internal mental states and in mentalizing social constellations (Barsalou & Wiemer-
Hastings, 2005; Borghi & Binkofski, 2014; Harpaintner, Trumpp, & Kiefer 2018; Kiefer & Barsalou, 2013). 
In line with the proposed important role of emotions (Vigliocco et al., 2014), mental states (Wilson-
Mendenhall, Simmons, Martin, & Barsalou, 2013) and social interactions (Wilson-Mendenhall et al., 2013) 
for the meaning of abstract concepts, activity in the corresponding neural circuits has been observed. 

In congruency with the consistent involvement of left hemisphere language regions in abstract concept 
processing, several theories stress the greater significance of linguistic information for the meaning of 
abstract concepts compared to concrete concepts. It has been argued that verbal associations based upon 
the statistical co-occurrence of words in language provide an important knowledge base for the meaning of 
abstract concepts due to their reduced grounding in sensorimotor information (Borghi & Binkofski, 2014; 
Connell, 2019; Dove, 2009, 2014; Hoffman, 2016; Louwerse, 2011). Verbal associations might provide a rapid 
short-cut to the meaning of a word when it takes too much time to simulate sensorimotor information as 
suggested by the Language and Situated Simulation Theory (LAS, Barsalou, Santos, Simmons, & Wilson, 
2008). Furthermore, the Words as Social Tools Theory (WAT) proposes that abstract concepts are frequently 
acquired via verbal communications and are therefore grounded in the language system, including motor 
areas required for articulation (Borghi & Binkofski, 2014; Borghi & Zarcone, 2016). Interestingly, congruent 
with the notion that verbal representations are more important for conceptual processing, when a direct 
sensorimotor grounding is reduced, deaf individuals recruited language areas more strongly than hearing 
individuals in a conceptual task, presumably as compensation for the lacking auditory sensory channel 
(Trumpp & Kiefer, 2018). 

In conclusion, empirical evidence and theories reviewed in this section indicated that grounded 
cognition theories have been refined, in order to account for the representation of abstract concepts. 
Besides experiential sensorimotor information due to metaphoric mapping or due to relations to classes 
of situations, the relevance of emotional, introspective, social and linguistic information has been stressed 
(for a discussion of multiple representations, see also Borghi et al., 2017). Some theories emphasize specific 
knowledge aspects such as emotional (e.g., Kousta et al., 2011) or linguistic information (e..g, Borghi & 
Binkofski, 2014; Dove, 2014) as exclusive basis for the representation of abstract concepts. However, most 
likely, these different knowledge aspects contributing to abstract concepts should not be considered as 
mutually exclusive, but rather as complementary (see also the discussion in Borghi et al., 2017). As we argue 
in the next section, abstract concepts, similar to concrete concepts, should not be treated as homogenous 
conceptual category. Instead, we propose that the semantic content of abstract concepts is highly 
heterogeneous and based on a multitude of conceptual knowledge types depending on the individual 
concept (Harpaintner et al., 2018).

Varieties of abstract concepts

As described above, several lines of research indicate that abstract concepts not only depend on the verbal 
system, but also on a variety of modal systems, including perception, action, emotion and introspection. 
Furthermore, inconsistent findings with regard to the involvement of modal systems in the processing of 
abstract concepts indicate that the different conceptual feature types are not equally important for the 
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meaning of all abstract concepts. Nevertheless, some scientists still treat abstract concepts as a homogenous 
category, simply characterized by the lack of a physical referent object, and contrast them with concrete 
concepts (e.g., Dove, 2014; Wang et al., 2010).

However, the semantic content of abstract concepts might be rich and highly heterogeneous (Ghio, 
Vaghi, & Tettamanti, 2013; Harpaintner et al., 2018; Hoffman, 2016; Kiefer & Pulvermüller, 2012; Wiemer-
Hastings, Krug, & Xu, 2001). For instance, differential patterns of conceptual relations for abstract emotional 
and non-emotional concepts were found (Barca, Mazzuca, & Borghi, 2017). Although a bimodal distribution 
of concreteness ratings indicated a categorization of abstract and concrete concepts into two large clusters, 
there was also a large variance within these clusters (Harpaintner et al., 2018; Wiemer-Hastings et al., 2001). 
This suggests that similar to the research on concrete concepts (Kiefer & Barsalou, 2013), differential classes 
of abstract concepts and their relation to conceptual features types (sensorimotor, emotional, introspective, 
social, verbal, etc.) have to be determined. It is therefore unlikely that the meaning of all abstract concepts 
is established by predominantly one single feature type (e.g., emotional or verbal). 

To test the notion of multiple feature types contributing to abstract concepts, Barsalou and Wiemer-
Hastings (2005) asked their participants to generate properties and associations for a small set of concepts 
differing with regard to their level of concreteness/abstractness. Besides social, mental and introspective 
content, content about physical settings has also been found to play a role in abstract concepts, albeit to 
a somewhat smaller extent compared to concrete concepts. The semantic variability of abstract concepts 
was further demonstrated by a rating study (Ghio et al., 2013), which indicated that clearly distinguishable 
subcategories of abstract concepts related to mental states, emotions and mathematics exist (for 
neuroimaging evidence see Ghio, Vaghi, Perani, & Tettamanti, 2016). Given the probable heterogeneity 
of abstract concepts, we characterized the semantic content of a large set of 296 abstract concepts in a 
property listing study (Harpaintner et al., 2018). Participants were asked to write down properties such as 
features, situations and associations coming into mind for 296 abstract concepts. These properties were 
categorized by a coding-scheme making a classification into modality-specific and verbal contents – namely 
into sensorimotor features, features describing social constellations, internal states and emotions as well as 
verbal associations – possible. Hierarchical cluster analyses were used to shed light on the heterogeneity 
of abstract concepts.

Descriptive analyses (Figure 1) revealed that participants generated a substantial proportion of 
introspective, emotional and social properties, in addition to verbal associations. In terms of quantity, 
however, sensory and motor properties played the most crucial role in this study. This is quite remarkable, 
given that sensorimotor features are thought to be only associated with concrete concepts, but not with 
abstract concepts (Dove, 2014; Paivio, 1986; Wang et al., 2010). More recent studies, however, also indicated 
the significance of sensory and motor features even for the representation of abstract concepts (Dreyer et 
al., 2015; Lynott & Connell, 2013; Mason & Just, 2016; Moseley, Carota, Hauk, Mohr, & Pulvermuller, 2012; 
van Dantzig, Cowell, Zeelenberg, & Pecher, 2011; Vukovic, Feurra, Shpektor, Myachykov, & Shtyrov, 2017). 
We return to this issue in the next section.

Hierarchical cluster analyses of the generated properties (Figure 2) demonstrated the existence of 
several subgroups of abstract concepts (Harpaintner et al., 2018). Similar to concrete concepts, abstract 
concepts could be divided into different subcategories according to the dominance of certain conceptual 
features. The largest cluster (131 words) was characterized by a large proportion of sensory and motor-
related features (e.g., OBSERVATION, FITNESS). In the second-largest cluster (113 words), high proportions 
of generated properties referred to internal states, emotions and social constellations (e.g., NIGHTMARE, 
ARGUMENT). In the smallest cluster (42 words), verbal associations were the most dominant feature type 
(e.g., THEORY, DIGNITY).

The broad diversity in participants’ listings is consistent with refined grounded cognition theories by 
showing that the semantic content of abstract concepts – just like that of concrete concepts – includes 
introspective, affective, social, sensory and motor-related features (Barsalou & Wiemer-Hastings, 2005; 
Harpaintner et al., 2018; Kiefer & Barsalou, 2013; Kiefer & Pulvermüller, 2012; Kousta et al., 2011). These 
results also suggest that only one relatively small subgroup of abstract concepts is predominantly related 
to verbal associations, although several theories (Borghi & Binkofski, 2014; Connell, 2019; Dove, 2014; 
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Hoffman, 2016; Louwerse, 2011) emphasize the role of the language system for all kinds of abstract concepts 
including Dual Coding Theory (Paivio, 1986). The results of this property listing study, of course, do not 
necessarily imply that the identified modal feature types are also represented in the corresponding modal 
brain areas, as claimed by grounded cognition theories. This specific assumption of grounded cognition 
theories has to be tested in behavioral and neuroscientific studies.

Figure 1: Descriptive statistics of feature types, generated in the property listings of 296 abstract concepts, and correspon-
ding boxplots. (M = mean, SD = standard deviation, x0.1/0.9 = first and ninth decile. SM = sensorimotor feature, IS / E = 
internal state / emotion, SC = social constellation, VA = verbal association. ExHigh / ExLow depicts exemplary abstract concepts 
with a high/low portion of generated features in the respective categories. Modified after Harpaintner and colleagues (2018).

Figure 2: Results of hierarchical cluster analyses of feature types, derived from property listings of 296 abstract concepts. (A) 
Dendrogram visualizing the k = 3 cluster solution. The different clusters are marked by different colors. (B) Boxplots depicting 
generated features per cluster (SM = sensorimotor feature, IS / E = internal state / emotion, SC = social constellation, VA = 
verbal association). Modified after Harpaintner and colleagues (2018).
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Abstract concepts and their relation to the sensory and motor systems

As reviewed above, property listing (Barsalou & Wiemer-Hastings, 2005; Harpaintner et al., 2018) and 
rating studies (Lynott & Connell, 2013; van Dantzig et al., 2011) highlight the importance of sensory and 
motor features also for the semantic content of abstract words, as predicted by grounded cognition theories. 
However, studies assessing the subjective content of abstract concept do not address the question, whether 
processing of abstract concepts depends on the sensory and motor systems. This information is provided by 
behavioral and neuroimaging studies as well as by studies in brain-damaged patients.

While the validity of early behavioral studies (e.g., Strack, Martin, & Stepper, 1988) suggesting an 
involvement of the motor system in the processing of abstract concepts has been seriously questioned 
by replication studies (Wagenmakers et al., 2016), results from several more recent studies were more 
convincing. For instance, suppression of spontaneous facial expressions interfered with emotion recognition 
(Havas, Glenberg, Gutowski, Lucarelli, & Davidson, 2010) and semantic processing of emotion words 
(Foroni & Semin, 2009) demonstrating the functional significance of the motor system for the processing 
of abstract emotional concepts. Furthermore, understanding the meaning of concrete and abstract 
transfer events has been shown to induce a corresponding motor action: Participants were faster to verify 
abstract transfer sentences such as “Liz told you the story” with responses toward themselves, compared 
with making hand movements away from themselves. This action compatibility effect (ACE), which has 
been originally established using concrete transfer sentences, was observed, even though the described 
situation did not involve any specific hand movement (Glenberg et al., 2008). Finally, mouth-related actions 
facilitated recognition memory of non-emotional abstract concepts (Mazzuca, Lugli, Benassi, Nicoletti, & 
Borghi, 2018), in line with the notion that language is frequently used to convey the meaning of abstract 
words (Borghi & Binkofski, 2014), while for emotional abstract concepts an inconsistent result pattern was 
found. Although these behavioral studies suggest a functional role of the motor system in the processing 
of some types of abstract concepts similarly to concrete concepts, behavioral compatibility effects might 
arise at a response stage outside the conceptual system. Neuroscientific studies are, therefore, necessary to 
demonstrate the direct involvement of modal systems in conceptual processing.

The importance of modal cortex in the processing of abstract concepts has been demonstrated in 
several neuroimaging and patient studies: Pexman and colleagues (2007) observed activation within 
the sensorimotor system for both abstract (e.g., “REASON”) and concrete (e.g., “EARTH”) concepts. 
Understanding the meaning of the abstract concept “OBSERVE” elicited activity in visual and auditory cortex 
(Wilson-Mendenhall, Barrett, Simmons, & Barsalou, 2011), while abstract emotion words (e.g., “FEAR”) 
activated the primary motor cortex (Dreyer & Pulvermüller, 2018; Moseley et al., 2012), a region which is 
crucial for the communication of internal emotional states by gestures and facial expressions. A study in 
brain-lesioned patients indicated a causal role of the motor cortex in the processing of abstract emotion 
words (Dreyer et al., 2015). Even abstract physical concepts elicited activations in wide-spread modal brain 
regions (Mason & Just, 2016). For instance, physical concepts related to periodicity (e.g., “frequency”) 
activated postcentral and parietal brain regions, regions found to be active when performing rhythmic 
movements (Chen, Zatorre, & Penhune, 2006). Enhanced activity in the motor cortex was furthermore 
observed in the case of number concepts such as NINE (Tschentscher, Hauk, Fischer, & Pulvermuller, 
2012), which are typically associated with finger counting movements (Domahs, Moeller, Huber, Willmes, 
& Nuerk, 2010).

While the relevance of linguistic information, emotions, mental states and social interactions for the 
meaning of abstract concepts has been well investigated (see the previous sections), grounding of abstract 
concepts in the sensory and motor systems lacks systematical investigation and has been implied only by 
a few studies as indicated above. Furthermore, interpretation of findings from previous studies is limited: 
Subjective measures might not necessarily reflect the semantic content of abstract words in a valid fashion 
because not all aspects of semantics might be consciously accessible (Harpaintner et al., 2018; Kemmerer, 
2015b). Moreover, sometimes only single abstract concepts served as stimuli (Wilson-Mendenhall et al., 
2011). In addition, sensorimotor feature composition of the concepts was typically not determined a priori 
but only inferred post-hoc from the activation pattern. Hence, implicit measures of conceptual processing, 
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e.g., derived from neuroscientific methods (but also from reaction time measurements), should be applied 
to a large set of abstract words characterized a priori with regard to their sensorimotor content.

We therefore systematically examined the relation of abstract concepts to the sensory and motor brain 
systems in a larger set of abstract nouns (N = 64) in an fMRI study (Harpaintner, Sim, Trumpp, Ulrich, & 
Kiefer, 2020). We adopted a theory-driven approach frequently used for investigating concrete concepts 
(e.g., Kiefer et al., 2008; Kiefer et al., 2012) to the domain of abstract concepts and compared brain 
activation to well-defined subtypes of abstract concepts with a known feature content. Words have been 
a priori selected on the basis of sensory and motor features obtained in a previous property listing study 
(Harpaintner et al., 2018). Based on the available property listings, we selected 32 abstract words strongly 
linked to motor properties (e.g., “fight”) and other 32 abstract words strongly linked to visual conceptual 
properties (e.g., “beauty”). Motor and visual abstract words were presented among pseudowords within a 
lexical decision task enabling an implicit access to conceptual word meaning. Participants performed a go/
no-go task, which did not require a motor response to the critical word stimuli. This avoids interference of 
the overt motor response with conceptual processing, in particular within the motor system. To test whether 
conceptual processing of motor and visual abstract concepts activates corresponding sensorimotor brain 
regions similar to action and perception, motor and visual localizer tasks were administered. In these tasks, 
participants performed real hand movements (motor localizer) or observed object pictures passively (visual 
localizer).

Motor abstract concepts activated bilateral fronto-parietal brain areas and subcortical structures 
including bilateral precentral and postcentral gyrus, left precuneus, left posterior cingulate cortex and 
left thalamus. Activity to motor abstract concepts overlapped with activations during the execution of 
real movements in the left precentral and postcentral gyrus (Figure 3). The processing of visual abstract 
concepts (Figure 4), in contrast, was associated with enhanced brain activity in occipital and temporal 
brain regions, the insula and the limbic lobe, partially overlapping with activations during the observation 
of real pictures, particularly in the fusiform and lingual gyrus, i.e. in parts of the ventral visual stream. 
Specific activation to visual abstract concepts was less robust and only observed at a more lenient statistical 
threshold. Conjunction analysis revealed activity in the posterior temporal gyri common to both types of 
abstract concepts indicating the involvement of an amodal hub in posterior temporal cortex (Binder et al., 
2009; Gold et al., 2006).

Results of this study thus show that the subjectively reported motor and visual feature content of abstract 
concepts is associated with activity in corresponding modal brain areas (Harpaintner et al., 2020). Most 
likely, encoded memories of situational perceptions are simulated when accessing conceptual knowledge 
for abstract concepts (Barsalou & Wiemer-Hastings, 2005; Harpaintner et al., 2020; Kiefer & Pulvermüller, 
2012). Furthermore, metaphoric relations between abstract and concrete concepts (Lakoff & Johnson, 
1980) might lead to a grounding of abstract concepts in modal brain systems. Overall, our fMRI study 
(Harpaintner et al., 2020) suggests that the representation of abstract concepts does not differ essentially 
and necessarily from that of concrete concepts, at least with respect to the investigated subgroups of visual 
and motor abstract concepts (Harpaintner et al., 2020). Representation of such abstract concepts is most 
likely established by an interplay between modality-specific areas and amodal hubs, as suggested by hybrid 
models of conceptual cognition.

Conclusions and future research directions
For a very long time, theorizing in the cognitive sciences was dominated by the assumption that abstract 
concepts can only be handled by amodal or verbal linguistic representations. It was not conceivable how 
concepts without a direct perceivable referent should be grounded in modal systems such as perception, 
action, emotion and introspection. In the last years, refined grounded cognition theories, emphasizing 
the importance of emotional and introspective information for abstract concepts, in addition to verbal 
associations and sensorimotor information, have received increasing support. As already indicated above, 
it is unlikely that abstract concept processing is established by predominantly one feature type such as 
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Figure 3: Relation of abstract concepts to the motor system: (A) Greater activation to motor versus visual abstract concepts 
(depicted in green) during the lexical decision task, overlaid with activations during the motor localizer task (depicted in 
red). Overlapping activations are depicted in yellow. The contrast motor vs. visual abstract concepts was voxel thresholded 
at p < .001, cluster-corrected at pFWE < .05. Results of the motor localizer task are reported at a voxel threshold of pFWE < .05 
corrected for multiple comparisons with a minimum cluster size of 10 voxels. Note that the cluster of overlapping voxels was 
only determined by quantitatively overlaying the activation patterns of the localizer and lexical decision tasks for visualization 
purposes, without formal statistical analyses (B) Results of formal inclusive masking analysis to reveal common activation for 
motor abstract concepts and the motor localizer task. Significant overlap was found in left pre- and postcentral gyri. Inclusive 
masking analysis (depicted in blue) were voxel thresholded at p < .001, cluster-corrected at pFWE < .05. The right bar graph 
depicts the magnitude of neural activation of the whole cluster as a function of motor vs. visual abstract concepts, as represen-
ted by averaged parameter estimates. Color range bars indicate T-scores. Error bars represent SEM. Cereb = cerebellum; OG 
= occipital gyri; opIFG = opercular inferior frontal gyrus; pre/postcentral = pre- and postcentral gyrus; SFG = superior frontal 
gyrus; SMA = supplementary motor area; SMG = supramarginal gyrus; mot = motor abstract concept; vis = visual abstract 
concept; L/R = left/right hemisphere; a.u. = arbitrary unit. Modified after Harpaintner and colleagues (2020).
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sensorimotor features. Instead, we propose that abstract concept representation depends on a variety of 
experiential channels like emotions, introspections, mental states, action and perception. As reviewed 
in this article, accumulating evidence indicates that the meaning of abstract concepts is represented in a 
variety of modal systems similar to concrete concepts. 

However, concrete and abstract concepts most likely differ with regard to their precise feature 
composition. While the meaning of concrete concepts is assumed to be predominantly established by 
sensory and motor features (McRae & Cree, 2002), the feature composition of abstract concepts seems richer 

Figure 4: Relation of abstract concepts to the visual system. (A) Greater activation to visual versus motor abstract concepts 
(depicted in green) during the lexical decision task visually overlaid with activations during the visual localizer task (depicted 
in red). Overlapping activations are depicted in yellow. Activations below the brain surface are visualized by a cutout. (B) Mul-
tislice image of overlapping activations to visual versus motor abstract concepts and activations obtained during the visual 
localizer task in the right fusiform gyrus. The right bar graph depicts the magnitude of neural activation of the whole cluster 
as a function of visual vs. motor abstract concepts, as represented by averaged parameter estimates. The contrast visual vs. 
motor abstract concepts was voxel thresholded at p < .005 (uncorrected for multiple comparisons) with a minimum cluster 
size of 10 voxels. Results of the visual localizer task are reported at a voxel threshold of pFWE < .05 corrected for multiple 
comparisons with a minimum cluster size of 10 voxels. Color range bars indicate T-scores. Error bars represent SEM. FuG = 
fusiform gyrus; Hippo = hippocampus; OG = occipital gyri; opIFG = opercular inferior frontal gyrus; pre/postcentral = pre- and 
postcentral gyrus; SMA = supplementary motor area; SFG = superior frontal gyrus; tPole = temporal pole; triIFG = triangular 
inferior frontal gyrus; mot = motor abstract concept; vis = visual abstract concept; L/R = left/right hemisphere; a.u. = arbitrary 
unit. Modified after Harpaintner and colleagues (2020).
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and highly heterogeneous (Ghio et al., 2013; Harpaintner et al., 2018; Hoffman, 2016; Kiefer & Pulvermüller, 
2012; Wiemer-Hastings et al., 2001). As shown in the previous section, there are subgroups of abstract 
concepts with strong relations to vision or action, which are represented in the visual and motor systems 
similar to concrete concepts. However, abstract concepts with a strong link to emotions (e.g., “FEAR”) might 
be represented in brain structures associated with affective processing (Herbert et al., 2009; Vigliocco et al., 
2014). Abstract concepts with a strong link to social constellations and mental states (e.g., “CONVINCE”) 
might be represented in brain areas associated with social cognition and mentalizing (Wilson-Mendenhall 
et al., 2013). Concepts at the extreme end of the abstractness scale (e.g., “DIGNITY” or scientific concepts 
like “GRAVITY”) with a strong link to verbal associations might predominantly depend on language 
regions or amodal hub regions (Wang et al., 2010). In any case, abstract concepts should not be treated 
as a homogenous conceptual category, whose meaning is established by simply one specific conceptual 
feature type (Borghi et al., 2017; Harpaintner et al., 2018). Instead, the richness and heterogeneity of the 
semantic content of abstract concepts has to be recognized and empirically determined, as shown above 
(e.g., Harpaintner et al., 2018). Neuroimaging or behavioral studies can then investigate the processing 
and representation of specific abstract subcategories (e.g., sound-related abstract concepts or abstract 
concepts specifically related to emotions, social constellations and verbal associations) in a theoretically 
and empirically informed manner.

The findings with regard to concrete and abstract concepts, which were reviewed in this article, can 
be accommodated best by hybrid theories of conceptual representation assuming an interaction between 
modality-specific, multimodal and amodal hub areas (Binder, 2016; Fernandino et al., 2016; Garagnani 
& Pulvermüller, 2016; Hoffman et al., 2018; Kiefer & Pulvermüller, 2012; Kiefer et al., 2007a; Kuhnke et 
al., 2020; Patterson et al., 2007; Popp et al., 2019b; Pulvermüller et al., 2010; Simmons & Barsalou, 2003). 
Modality-specific systems include the sensorimotor systems, but also the modal systems involved in the 
processing of emotions, introspections, mentalizing, social constellations and language. The latter modal 
systems are probably more important for abstract than for concrete concepts.

Of course, as studies using neuroimaging techniques can only provide correlational evidence, methods 
allowing for causal conclusions, as transcranial magnetic stimulation (Pulvermüller et al., 2005; Vukovic 
et al., 2017), investigation of brain-lesioned patients (Dreyer et al., 2015; Trumpp et al., 2013a) or behavioral 
interference paradigms (Shebani & Pulvermüller, 2013; Vermeulen et al., 2008), are mandatory in order to 
demonstrate a functional role of the modal systems for the processing of abstract concepts.

The meaning of abstract concepts is quite ambiguous referring to a broad range of situations or 
constellations (Hoffman et al., 2013). The feature compositions of abstract concepts are therefore presumably 
highly variable and situation-dependent, displaying a high degree of conceptual flexibility (Dove, 2016). 
The notion of a high conceptual flexibility has just recently been supported by an ERP-study from our group 
(unpublished data) indicating that abstract concept processing is modulated by task demands (implicit 
vs. explicit task). Future research could complement these results by investigating the dependency of 
abstract concept processing on different contexts, situational factors, task sets, habitual preferences and 
differential attentional foci at hand, similarly as it already has been done in the case of concrete concepts 
(e.g., Popp et al., 2019a). Furthermore, the semantic content of abstract concepts and its representation in 
the modal systems most likely reflects intraindividual and interindividual experience with and exposure to 
specific situations and constellations. A grounding of concepts in modal systems depending on individual 
sensorimotor experience, as predicted by grounded cognition theories (Kiefer & Barsalou, 2013; Kiefer & 
Pulvermüller, 2012), has been previously demonstrated mainly for concrete object concepts (Hoenig et al., 
2011; Kiefer, Sim, Liebich, Hauk, & Tanaka, 2007b; Trumpp & Kiefer, 2018), but recently also for abstract 
number concepts (Bechtold, Bellebaum, Egan, Tettamanti, & Ghio, 2019). It would be an interesting field 
of future research to systematically investigate experience-dependent plasticity of abstract concepts at the 
functional and neural level as a function of training or expertise.
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