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Abstract

The paper delves into the complex and multifaceted nature of the concrete-abstract word contrast, examining
various theoretical perspectives and empirical evidence. While the context availability theory underscores the
importance of contextual knowledge, it encounters challenges in light of contradictory findings, particularly the
greater right hemisphere activation for concrete words. Dual coding theory suggests that both concrete and
abstract words rely on verbal information, with concrete words benefiting from additional imagistic content.
However, the reverse concreteness effect, favoring abstract words, emerges when controlling for context and
imageability. The affective embodiment account highlights the role of emotion in facilitating abstract words, but
this too faces scrutiny as valence and abstractness prove separable. Notwithstanding inconsistencies, left
hemisphere and rACC activation seem critical for encoding both word types. The paper underscores the need for
future research to account for methodological variations, including factors like imageability and concreteness,
participations encoding strategies and age of acquisition. It also encourages a deeper exploration of the role of
emotion under controlled conditions and the identification of additional factors influencing the concrete-abstract
word distinction. In sum, the paper calls for a more comprehensive understanding of the intricate interplay of
variables contributing to this linguistic contrast.
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1. Introduction

Concreteness plays a vital role in semantic memory and the differentiation between concrete and abstract words
(Kousta et al., 2011; Skipper & Olson, 2014; Wang et al., 2010). The concreteness effect refers to a facilitated
processing for concrete rather than abstract words (Binder et al., 2005; Jessen et al., 2000). Context availability
theory and dual coding theory have been proposed to explain the concreteness effect (Paivio, 1991;
Schwanenflugel & Stowe, 1989). However, the affective embodiment account refutes both theories by observing
the reverse concreteness effect (facilitation for abstract than concrete words) (Kousta et al., 2011; Vigliocco et al.,
2014). The following discussion will be divided into three parts, each emphasizing one explanation for the
concrete-abstract contrast. Each section concludes with a list of limitations. The sequence follows context
availability theory, dual coding theory, and affective embodiment account. Additionally, neuroimaging and
behavioral results focus on five studies (Binder et al., 2005; Jessen et al., 2000; Kousta et al., 2011; Skipper &
Olson, 2014; Vigliocco et al., 2014). Finally, the conclusion synthesizes the three theories and proposes possible
future directions.

2. Evidence Associated with Context Availability Theory

Context availability theory demonstrates that the difference between concrete and abstract words is rooted in
their context, with denser and stronger contextual support for concrete instead of abstract words (Binder et al.,
2005; Schwanenflugel, 1991; Vigliocco et al., 2014). According to this theory, faster response to concrete words
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is attributable to more automatically activated associative knowledge (Jessen et al., 2000). With the concreteness
effect, in other words, response time differences vanish when providing enough verbal information for both
concrete and abstract words (Jessen et al., 2000; Schwanenflugel & Stowe, 1989). Evidence from
electrophysiological studies also assists the context availability model by reflecting the association between
amplified N40O0 (greater connections with semantic memory system) and concrete words (Kanske & Kotz, 2007;
West & Holcomb, 2000). Additionally, this theory predicts that the same neural substrates are activated by both
concrete and abstract words, with more robust and extensive activation for concrete words providing richer
contextual knowledge (Schwanenflugel & Stowe, 1989). The following paragraphs will mainly address
neuroimaging and behavioral results from Binder et al. (2005) and Jessen et al. (2000), which advocate context
availability theory. Finally, the section will conclude with the possible limitations of this theory.

Both studies provide evidence for context availability theory by demonstrating that context may play a role in
encoding words. As shown in Figure 1a, besides the main language processing regions, Jessen et al. (2000)
observed greater activation for concrete words in the left parietal and left prefrontal regions. Activation of these
regions might demonstrate the denser contextual knowledge associated with concrete words, thus supporting the
role of context. Interestingly, though Binder et al. (2005) explained that neuroimaging results in their study may
not support context availability theory. Greater activation for abstract words in frontal regions (as shown in
Figure 1b, blue area) might be consistent with this theory. Previous studies have found that the left posterior
inferior frontal regions were associated with phonological processes, verbal short-term memory and lexical
retrieval (Fiez et al., 1999; Paulesu et al., 1993). Greater activation in these regions might reflect that abstract
word retrieval is more complex than concrete word retrieval for more demanding cognitive processing. In
contrast, easier retrieval for the latter word type may be explained by richer contextual information. As discussed
above, both studies aimed to contrast concrete and abstract words. However, results should be interpreted
cautiously due to methodological differences between these studies.

b)

Figure 1. The activation contrast for concrete and abstract words

(a) Greater activation for concrete vs. abstract words, Adapted from Jessen et al., 2000.
(b) Blue region (abstract > concrete), Orange region (concrete > abstract), Adapted from Binder et al., 2005.
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Although similar results are found in both studies, including better concrete word recognition and greater
activation for abstract words in the left inferior frontal gyrus, methodological differences may have produced
inconsistent results (Figure 1). First, each study featured a different task, with Jessen et al. (2000) focusing on a
word memorization task, while Binder et al. (2005) applied a lexical decision task. Different task requirements
may activate different brain areas, which may not be explained only by the concrete-abstract contrast. For
example, Binder et al. (2005) observed greater activation for concrete words in the bilateral angular gyrus,
posterior cingulate gyrus, precuneus, and the left dorsal prefrontal cortex. Jessen et al. (2000) revealed greater
activation for concrete words in the left parietal area, anterior Broca’s area, and the right parietal lobe and the
precuneus. Differences in these results may be induced by task differences and, thus, varied encoding strategies
used by participants. Second, other factors, such as control conditions and the number of participants, might also
induce varied results. More controlled variables are apparent in the study of Binder et al. (2005), with matched
letter length, phoneme length, mean positional bigram frequency, and orthographic neighborhood size in three
conditions (50 abstract words, 50 concrete words, 100 non-words). In contrast, Jessen et al. (2000) only
compared two conditions (120 abstract words and 120 concrete words) and provided no evidence for more
controlled variables. A more precise comparison might come from a stricter experimental design. Additionally, a
larger sample size (10 more subjects) in Binder et al. (2005) could have increased statistical power and improved
precision among different condition contrasts.

In summary, context availability theory supports the higher efficiency of concrete words associated with richer
contextual information. It predicts that concrete and abstract words are based on the same neural substrates
(Schwanenflugel & Stowe, 1989). Although previous studies have supported this theory, sufficient contradictory
neuroimaging evidence has also been found (Binder et al., 2005; Jessen et al., 2000). For instance, greater
activation for concrete rather than abstract words in the right hemisphere cannot be explained by context
availability theory, as both word types are supposed to activate the same brain area. Additionally, as discussed
above, any interpretation of concrete-abstract contrasts should be cautiously undertaken due to methodological
differences among studies. Another explanation for the difference between abstract and concrete words, dual
coding theory, will be discussed in the following section.

3. Evidence Associated with Dual Coding Theory

Dual coding theory argues that concrete and abstract words are processed in two formats: concrete words use
verbal and nonverbal-based codes, while abstract words use only verbal-based codes (Paivio, 1991). This theory
suggests that processing concrete words benefit from additional image-based activation. In line with this theory,
the brain manages abstract words in the left-lateralized hemisphere while it deals with concrete words in both the
left and right hemispheres (Binder et al., 2009; Skipper & Olson, 2014). Additionally, this theory is substantiated
by results from several studies (Villardita et al., 1988; Welcome et al., 2011). In a brain-lesioned study, Villardita
et al. (1988) found that individuals with lesions in the right hemisphere had notably inferior performance in
recalling concrete nouns. In contrast, the recollection of abstract nouns did not significantly change. In a more
recent electrophysiological study, Welcome et al. (2011) demonstrated a desynchronization component for
concrete words, which exists 723-938 milliseconds post-stimulus, and may be associated with mental imagery.
Both studies suggest that mental imagery plays a role in encoding concrete words and thus supports dual coding
theory. The following paragraphs demonstrate neuroimaging and behavioral results from Binder et al. (2005) and
Jessen et al. (2000) that supporting this theory. A discussion of contradictory evidence and limitations of this
theory follows.

Stronger bilateral activation for concrete words and mainly left hemisphere activation for abstract words in both
studies support dual coding theory. Jessen et al. (2000) demonstrated that the robust activation in the lower right
parietal lobe might indicate that the processing of concrete words involves the access of spatial imagery by a
second system rather than only a verbal system. Binder et al. (2005) provided further evidence by demonstrating
that activation in the precuneus, cingulate, fusiform and parahippocampal gyrus for concrete words might
support the role of mental imagery in encoding concrete words. Furthermore, to better compare concrete-abstract
neural representations, Wang et al. (2010) conducted a meta-analysis involving data from 303 participants and
thus providing sufficient power for the comparison. As shown in Figure 2, some activated regions align with
results from Binder et al. (2005). This similarity might confirm the role of mental imagery for encoding concrete
words. However, as shown in Figure 1b and Figure 2, the greater activation in the right hemisphere when
processing concrete rather than abstract words is not observed in the meta-analysis. Additionally, Jessen et al.
(2000) found that the activation in the precuneus for abstract words, which is regarded as an image-related
region, may not be explained by dual coding theory. This theory supports that the encoding of abstract words
only relies on the left-lateralized verbal region.
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Figure 2. The abstract-concrete activation contrast in a meta-analysis, Adapted from Wang et al. 2010.

Contradictory evidence for dual coding theory comes from several studies. For example, in a behavioral study,
Schwanenflugel and Stowe (1989) emphasized the importance of contextual knowledge in analyzing
concreteness effects and thus supported contextual availability theory. However, as discussed in the last section,
context availability may only partially explain the encoding difference between concrete and abstract words.
Furthermore, in another behavioral study, Kousta et al. (2011) refuted context availability theory and dual coding
theory by demonstrating that abstract word recognition was faster than concrete word recognition when
matching imageability and context availability for both word types. The response time difference reached
significance by participants, p < .001, and by items, p < .05. This difference is confirmed in similar accuracy
results. Behavioral outcomes from these studies suggest that dual coding theory may be not enough to explain
concrete-abstract contrast.

In summary, dual coding theory predicts bilateral activation for concrete words while only left-hemispheric
activation for abstract words (Paivio, 1991). However, as discussed above, contradictory evidence for this theory
comes from both neuroimaging and behavioral results. As stated by Kousta et al. (2011), neither context
availability theory nor dual coding theory can fully explain the concrete-abstract contrast. However, it is
interesting that Kousta et al. (2011) demonstrated that emotional content might play an important role in
processing abstract words. Furthermore, Kousta et al. (2011) also differentiated imageability and concreteness by
demonstrating that imageability ratings are intended to measure a gradual characteristic that reflects the varying
links between words and sensory (mainly visual) attributes. In contrast, concreteness ratings serve to gauge the
fundamental ontological contrast between concrete and abstract vocabulary (and their respective conceptual
frameworks). Additional comparisons between concrete and abstract words, specifically emphasizing the role of
emotion, will be discussed in the following section.

4, Evidence Associated with the Affective Embodiment Account

Both context availability theory and dual coding theory suggest that the processing of abstract words relies
heavily on linguistic information (Paivio, 1991; Schwanenflugel & Stowe, 1989). Della Rosa et al. (2010)
demonstrated that this linguistic reliance can be operationalized by subjective ratings on learning ways (language
or experience) of certain words. Once “mode of acquisition” is controlled, the difference observed between the
processing of concrete and abstract words cannot be explained by the prior two theories (Vigliocco et al., 2014).
Within the context of embodiment, abstract words might be learned through metaphor (e.g., “grasp an idea”)
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(Pecher, 2018), while an alternative view is that abstract words are rooted in introspective states (mental and
affective) (Barsalou & Wiemer-Hastings, 2005). Based on the thesis’s views, Vigliocco et al. (2009) proposed a
new understanding for the difference between concrete and abstract words. The affective embodiment account
demonstrated that concrete words are acquired through linguistic and sensory-motor information, while abstract
words are learned through linguistic and emotional information (Vigliocco et al., 2014). This proposal suggests a
specific role of emotion in processing abstract words. The following paragraph will mainly focus on results from
Skipper and Olson (2014) and Vigliocco et al. (2014). Supporting neuroimaging and behavioral findings for this
proposal will be discussed and followed by a discussion of the role of the rostral anterior cingulate cortex
(rACC), which modulates emotion (Vigliocco et al., 2014). Finally, contradictory findings and limitations of this
proposal will be analyzed.

Both studies emphasize the role of emotion in processing words. Vigliocco et al. (2014), stated that when
investigators control for orthographic and semantic factors, the degree of affective associations might predict
processing between concrete and abstract words. This viewed is supported by behavioral outcomes, including
shorter processing time for abstract words than concrete words when investigators did not control for valence
and arousal. This difference reached significance (p < .005). Though Skipper and Olson (2014) did not find the
facilitation for abstract words, the role of emotion is also confirmed by behavioral results. For example, as
shown in Figure 3a, though most behavioral findings are in contrast to those of Vigliocco et al. (2014), faster
processing for valenced rather than neutral abstract words are observed. More convincing results for emotion
appear in neuroimaging results, with both studies emphasizing the role of rACC.

a) Accuracy RT

Neutral Valenced Neutral Valenced

Abstract  .879 (.079) .837 (.121) 2090.71 (256.88) 2046.29 (305.81)
Concrete  .884 (.114) .902 (.084) 1967.70 (296.59) 2005.19 (254.34)
Nonword .792 (.104) - 2127.99 (330.97) -
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Figure 3. (a) Behavioral results. (b) Region of interest results (rACC). Adapted from Skipper & Olson, 2014.

Neuroimaging results from both studies demonstrate engagement of the rACC in processing words, however, the
interpretation of activation in this region is different between the two studies. Previous studies have suggested
that the rACC is linked with the evaluation of emotional valence for both external and internal stimuli and also
the modulation of emotion in emotional conflict conditions (Kanske & Kotz, 2007; Phan et al., 2002). Vigliocco
et al. (2014) explained that greater activation in the rACC for abstract rather than concrete words is caused by
more affective associations for abstract words. In contrast, as shown in Figure 3b, Skipper and Olson (2014)
controlled for affective associations for both word types, and related activation of the rACC with concreteness
(abstract/concrete) and valence (neutral/valenced). Additionally, the main effects for both concreteness and
valence reached significance: (p < .05). This result may refute the specific role of the rACC in encoding abstract
words proposed by Vigliocco et al. (2014) by demonstrating that abstractness and valence are separable.

However, the results should be interpreted carefully due to the methodological differences between the two
studies. First, Skipper and Olson (2014) did not control for imageability in their study, but Vigliocco et al. (2014)
did. Skipper and Olson (2014) explained that strict imageability control for both word types may result in an
unusual set of abstract words (highly imageable). However, as demonstrated by Kousta et al. (2011), though 72%
concreteness can be explained by imageability, the difference between the two factors is still significant. These
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comparisons may suggest that not controlling for imageability may be a limitation in experimental design.
Second, task requirements (a semantically deep task and a lexical decision task, respectively) also vary between
the two studies. As noted by Sakreida et al. (2013), different task requirements may result in varied
neuroimaging results. This view may suggest that the interpretation of neuroimaging results for the
concrete-abstract contrast should be careful because other factors may also influence brain activation. Third, the
age of acquisition, which is considered to be an important factor in affective embodiment account, was not
controlled for by Skipper and Olson (2014). This absence may also complicate the comparison of
concrete-abstract contrast in the two studies.

In summary, besides context availability theory and dual coding theory, the affective embodiment account
provides another explanation for the concrete-abstract word contrast by emphasizing a unique role of emotional
content for abstract words. However, Skipper and Olson (2014), noted that abstractness and valence can be
separated, thus somewhat against affective embodiment account. Furthermore, as noted above, results should be
interpreted cautiously due to methodological differences, specifically controlling measures. However, it is
interesting to note that, despite methodological differences, Binder et al. (2005) and Vigliocco et al. (2014) found
concrete and abstract words share overlapping activation in the left angular gyrus, middle and inferior temporal
gyri, and dorsolateral prefrontal cortex. This finding may provide further evidence for the importance of the left
hemisphere in encoding both word types.

5. Conclusion

As discussed in the above three sections, no theory can fully explain the concrete abstract contrast. Context
availability theory explains the contrast by emphasizing contextual knowledge, but contradictory evidence is
shown by greater activation in the right hemisphere for concrete rather than abstract words. Dual coding theory
indicates that both word types rely on verbal information, while concrete words associated with additional
imagistic information. However, the reverse concreteness effect (faster response for abstract words) is observed
when context availability and imageability are controlled. Additionally, one possible explanation could be that
the affective embodiment account explains the facilitation of abstract words by the mode of acquisition (abstract:
linguistic + emotional content; concrete: linguistic + sensory-motor content), specifically emphasizing the role of
emotion. However, evidence contrary to this theory demonstrates that abstractness and valence are not
inseparable, and the facilitation vanishes when investigators control for valence.

Though inconsistencies exist among studies, the left hemisphere and rACC activation should be noticed in
encoding both word types. Additionally, future studies that aim to contrast concrete and abstract words should
emphasize that methodological differences may produce varied results, specifically controlling for certain
variables, such as the difference between imageability and concreteness, choosing word sets aligning with
certain research aim (e.g., to study the concrete-abstract contrast by choosing word sets with similar certainty),
participants encoding strategies, and age of acquisition. Additionally, to better contrast concrete and abstract
words, solutions may rely on further analysis of the role of emotion in encoding both word types under
consistent control variables, and finding additional factors that predict the difference between concrete and
abstract words. Better comparisons may come from recognition of roles of different factors.
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