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Abstract: Neuropsychological and activation studies on the neural correlates of abstract 

and concrete words have produced contrasting results. The present study explores the 

anatomical substrates of abstract/concrete words in 22 brain-damaged patients with a single 

vascular lesion either in the right or left hemisphere. One hundred and twenty (60 concrete 

and 60 abstract) noun triplets were used for a semantic similarity judgment task. We found 

a significant interaction in word type × group since left temporal brain-damaged patients 

performed significantly better with concrete than abstract words. Lesion mapping of 

patients with predominant temporal damage showed that the left superior and middle 

temporal gyri and the insula were the areas of major overlapping, while the anterior portion 

of the left temporal lobe was generally spared. Errors on abstract words mainly concerned 

(although at a non-significant level) semantically associate targets, while in the case of 

concrete words, coordinate targets were significantly more impaired than associate ones. 

Our results suggest that the left superior and middle temporal gyri and the insula are crucial 

regions in processing abstract words. They also confirm the hypothesis of a semantic 

similarity vs. associative organization of concrete and abstract concepts. 
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1. Introduction 

The superior cognitive processing of concrete as compared to abstract nouns has been demonstrated 

in a number of psycholinguistic studies (for a review see [1]), and is the rule in aphasia (e.g., [2]). Yet, 

neuropsychological patients with a reversal of concreteness effect have been reported (e.g., [3–5]). 

Two main models have been proposed to explain the concreteness effect. The dual-coding theory 

claims that the processing of abstract nouns relies on verbal code representations of the left cerebral 

hemisphere only, whereas concrete nouns additionally access a second image-based processing system 

in the right hemisphere [1]. An alternative model, the context availability theory [6], argues that the 

faster recognition of concrete vs. abstract nouns results from a larger contextual support of concrete 

words and not from a distinct non verbal system; this theory does not explicitly rule out a right 

hemisphere involvement, but attributes the concreteness effect purely to the access of more verbal 

information, which implies a predominantly left-hemisphere-based processing system. These theories 

assume that there is a quantitative distinction between concrete and abstract concepts, but they cannot 

explain the presence of brain-damaged patients with a reversal of concreteness effect, i.e., a superiority 

of abstract concepts with respect to concrete concepts. So far, several single cases have been reported 

in the literature with poorer concrete than abstract concept knowledge [3–5,7–12] (see Table 1). The 

data from these patients support the view that concrete and abstract words are represented in a different 

qualitative, as well as quantitative, way in the brain. These patients show either a unilateral left 

temporal lesion [7] or bilateral lesion [9] or atrophy [3–5], more pronounced on the left side. Crucially, 

patient DM [3] showed a hypoperfusion of the inferior temporal gyrus (ITG), particularly on the left 

side—the mean intensity score of blood flow in the left anterior ITG was approximately 10% lower 

than that of the right anterior ITG, the perfusion deficit being maximal at approximately 25–30 mm 

from the temporal tip. Patient FB [9] had an extensive bilateral lesion involving hippocampal and 

amygdaloid structures as well as temporal neocortex, the temporal pole and the most anterior part of 

the infero-temporal cortex. In Papagno et al. [5], VBM revealed hypodensity in the left temporal pole 

and medial temporal cortex. None of them had an involvement of the angular gyrus, which is usually 

damaged when concrete concepts are impaired (see later). 

Table 1. Neuropsychological single cases with a reversed concreteness effect. Legend: 

HSE = herpes simplex encephalitis; SD = semantic dementia; CVA = cerebrovascular 

accident; T = temporal; P = parietal; O = occipital; ITG = inferior temporal gyrus.  

Authors Patient Etiology Site 

Warrington 1975 [10] AB atrophy bilateral 
Warrington 1981 [11] CAV glioma Left T-P-O 

Warrington and Shallice 1984 [12] SBY HSE Bilateral T 
Sirigu et al. 1991 [9] FB HSE Bilateral medial T 

Breedin et al. 1994 [3] DM SD Bilateral ITG, >left anterior 
Marshall et al. 1996 [7] RG CVA Left? (no scan) 

Macoir 2008 [4] SC SD Anterior T left > right 
Mattioli 2008 [8]  HSE Left T 

Papagno et al. 2009 [5] MC SD Left T pole and medial T 
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To explain the dissociation between abstract and concrete words, some authors [13] argue for a 

fundamental difference in the architecture of their representations—the primary organization of 

concrete concepts is categorical, whereas abstract concepts are predominantly represented by 

association to other items. Put differently, abstract words are assumed to be organized mainly by 

semantic association and concrete words mainly by semantic similarity. In this framework, a reversed 

concreteness effect might result from selective damage to categorical information, which would 

selectively affect conceptual representations of concrete words. 

Neuroimaging studies have produced inconsistent results on the neural correlates of abstract and 

concrete words, possibly because of the different task modalities and methodologies (PET, fMRI) 

adopted. Differences among studies concern not only the intra-hemispheric location, but also the 

lateralization of the processes. Concrete word processing, relative to abstract word processing, has 

produced greater activation in a bilateral network of associative areas, including temporal, parietal and 

prefrontal cortex, while processing of abstract words produced greater activation almost exclusively in 

the left superior temporal and inferior frontal cortex, both when using a semantic similarity judgment 

task on concrete and abstract noun triads [14], or synonym judgments [15]. A bilateral activation of the 

angular gyrus and the dorsal prefrontal cortex was found for auditorily presented concrete words using 

a lexical decision paradigm [16], while there was left lateral temporal lobe activation for both types of 

words. A reversed pattern of activation has been observed in two PET studies [17,18]. In a lexical 

decision task [17], abstract word processing was associated with selective activation of the temporal 

pole and amygdala on the right, and of the inferior frontal cortex bilaterally, while no brain areas  

were more active in response to concrete words. In a semantic similarity judgment task with visually 

presented words [18], an area of greater activation was found on the left medial fusiform gyrus for 

concrete words, while a greater activation was detected on the right medial fusiform gyrus for abstract 

words. A lexical decision paradigm with a direct comparison between the abstract and concrete stimuli 

yielded a significant area of activation in the right anterior temporal cortex [19]. In this study it was 

also found that the right posterior temporal lobe was engaged during lexical decision for both abstract 

and concrete words, the statistical significance of the activation being greater for abstract words. The 

fusiform gyrus was activated equally by either concrete or abstract words. 

Therefore, comparison between activation studies is not straightforward because of variations in 

tasks, methods, and material. Results can differ depending on whether lexical decision or semantic 

similarity judgment is required; a visual presentation is usually adopted, but in some cases, stimuli are 

presented auditorily. Abstract and concrete words are not always checked for imageability and abstract 

words present a high degree of variability within this dimension [20]. Finally, response type can have a 

relevant effect on results, as demonstrated in a study [21] showing a significant interaction between 

response type and the brain regional activation during semantic memory tasks. 

A recent meta-analysis on activation studies [22] indicates that abstract concepts elicit greater 

activity in the inferior frontal gyrus (IFG) and middle temporal gyrus (MTG) as compared to concrete 

concepts, while concrete concepts elicit greater activation in the posterior cingulate, precuneus, 

angular gyrus, fusiform gyrus, and parahippocampal gyrus compared to abstract concepts. 

There are also a few TMS studies on this topic. Using a lexical decision paradigm, an interference 

on accuracy for abstract words was found when repetitive (r)TMS was applied over the left temporal 

site, while for concrete words accuracy decreased when rTMS was applied over the right temporal  



Brain Sci. 2013, 3 1232 

 

site [23]. Accuracy for abstract words, but not for concrete ones, decreased after IFG stimulation. In a 

different study using offline rTMS with a synonym judgment task [24], disruption of the left or right 

temporal pole considerably slowed the time required to make semantic decisions, both with abstract 

and concrete concepts, but did not affect accuracy. However, the authors consider imageability 

synonymous with concreteness, which is not the case (see for example [25], and more recently, [26]). 

Indeed, imageability is a property of a word or concept reflecting how easy it is to visually or 

acoustically represent it, while concreteness indicates items whose meanings are mainly acquired 

through perceptual experience. Although concrete material is mostly imageable, abstract words present 

a high degree of variability within this dimension [20] and some abstract words can be highly 

imageable (for example, emotional words). Moreover, stimulation cannot exclusively reach (whenever 

it does) the temporal pole; finally, in TMS studies only a limited number of sites can be investigated at 

a time.  

In the light of the above, we aimed at examining a series of brain-damaged patients with a single 

vascular lesion either in the left or right hemisphere, involving the temporal or the frontal lobe to 

further investigate the neural correlates of abstract and concrete concepts by means of a semantic 

similarity judgment task, including 120 (60 abstract and 60 concrete) noun triplets, randomly 

intermingled. The target words were semantically associated in 60 trials (30 for concrete and 30 for 

abstract nouns) or semantically coordinate in the remaining 60. Our hypothesis was that patients with 

left inferior frontal or temporal posterior damage would be impaired with abstract, but not concrete 

words, while patients with more anterior temporal lesions would show impairment with concrete, but 

not abstract words. 

2. Results and Discussion 

Three right brain-damaged patients (RBD) showed unilateral spatial neglect (USN) but none had 

signs of cognitive decline at the time of testing. However, we checked that they were able to read both 

alternative words on the screen. All RBD patients had consistent damage to the temporal lobe, 

minimally extending in the frontal or parietal region. Seven left brain-damaged patients (LBD) had a 

fluent aphasia, while three were classified as non-fluent aphasics and two showed no aphasia at the 

time of testing (see Tables 2 and 3 for patients’ demographical and clinical data). The mean Token 

Test (TT) score was 25.41 (SD 5.29, range 18–35). Eight LBD patients had a lesion involving mainly 

the temporal lobe, while in four the damage concerned more consistently the frontal lobe. Temporal 

LBD and RBD did not differ in age [t(16) = −0.8, p = 0.41] or educational level [t(16) = −1.6,  

p = 0.12]. 

Left and right temporal patients as well as controls were compared by means of an ANOVA for 

repeated measures on accuracy and mean RTs, with word type (two levels: abstract vs. concrete) as 

within subject factor and group (three levels: controls, LBD and RBD) as between subject factor. The 

four patients with a frontal lesion were examined as single cases [27].  
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Table 2. Demographical and clinical data of the 10 RBD and the 12 LBD included in the 

study. Legend: R = right; L = left; F = frontal, T = temporal, P = parietal, ins = insula;  

n.a. = not assessed, USN = unilateral spatial neglect. TT cut-off > 29; conventional BIT  

cut-off < 129; MMSE ≥ 26. 

Patient Sex Age Education Side Site TT BIT MMSE Deficits 

BM F 50 8 R T  146/146 n.a. L hemiparesis 

SM M 63 8 R F-T  142/146 n.a. L hemiparesis 

TM F 65 11 R P-T  145/146 24/30 - 

DA M 50 8 R F-T  117/146 25/30 USN 

RC F 59 17 R F-T  126/146 27/30 USN 

FN M 45 8 R F-T  111/146 28/30 USN 

AA M 55 10 R F-T-P  146/146 n.a. L hemiplegia 

CA M 57 13 R F-T-P  146/146 28/30 L hemiplegia 

MA M 59 13 R T  62/146 26/30 L hemiparesis 

AR M 57 13 R T ins.  50/146 28/30 L hemiparesis 

TF M 67 13 L T-P 22   Wernicke aphasia 

GS M 72 13 L F 28   R hemiplegia 

AS F 43 13 L T-P 35   - 

CL M 72 17 L F-P 19   Wernicke aphasia 

TA M 76 8 L T-P 18   Fluent aphasia 

NA M 68 13 L T-O 26   Fluent aphasia 

GG M 63 13 L F 29   Non fluent aphasia 

FC M 70 8 L T 29   Fluent aphasia 

ZP M 59 17 L T-P-O 25   Fluent aphasia 

ML F 55 13 L T-P 26   Brocaaphasia 

MM M 70 13 L F-P 18   Non fluent aphasia 

CP F 40 18 L T 30   Fluent aphasia 

Table 3. Language examination scores of the 12 LBD patients. Since patients were 

evaluated in different structures and therefore submitted to different standardized batteries, 

scores are reported in percentage of correct responses; n.a. = not available. 

Patient Naming Repetition Comprehension 
TF 86.6% 60% 61.3% 
GS n.a. n.a. n.a. 
AS 66.6% 100% 96% 
CL n.a. n.a. n.a. 
TA 48.3% 72.66% 68.3% 
NA 43.3% 91.3% 75% 
GG n.a. n.a. n.a. 
FC 66.6% n.a. n.a. 
ZP 76.6% 42.2% 95% 
ML 52% 61.3% 95% 
MM 55% 100% 95% 
CP 82.5% 92.6% 95.8% 
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Regarding accuracy (see Figure 1), the main effect of word type was significant [F(1, 37) = 16.5,  

p = 0.001, partial eta square = 0.31], with a lower number of correct responses for abstract than 

concrete words; the effect of group was not significant [F(2, 37) = 0.5, p = 0.6]. The interaction  

group × word type was significant [F(2, 37) = 3.5, p = 0.04, partial eta square = 0.16]. Post-hoc 

analyses (Tukey test) showed that left temporal patients produced significantly more errors with 

abstract than concrete words (p = 0.004). This difference was not significant in RBD patients (p = 0.8) 

or in controls (p = 0.6) (see Figure 1).  

Figure 1. Percentage of correct responses for abstract and concrete words in RBD, 

temporal LBD and controls. Error bars represent standard errors of the mean. 

 

After having verified that performance was lower for left temporal patients with abstract words, we 

checked whether error type differed depending on the type of item. Indeed, since the target word for 

each triplet could be an associate or a coordinate word, the second hypothesis was that with abstract 

words, errors would mainly affect associate rather than coordinate targets, while the opposite should be 

true for concrete words (following [13]). An ANOVA on number of errors word type (two levels: 

abstract and concrete) × semantic relation (two levels: associate vs. coordinate) × group (three levels: 

RBD, LBD, controls) showed a significant interaction word type × semantic relation [F(1, 37) = 7.89,  

p = 0.008, partial eta square = 0.18], while the three-way interaction (word type × semantic relation × 

group) was not significant (see Figure 2). This is not surprising since we did not expect an effect of left 

vs. right lesion vs. normal brain on the primary organization of concepts. Post-hoc analyses showed 

that there were significantly more errors with semantically coordinate compared to associate targets in 

the case of concrete words (p = 0.01), while the opposite was true for abstract words, although the 

results did not reach significance. 
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Figure 2. Number of errors for coordinate and associate target words in the three groups. 

Error bars represent standard errors of the mean. 

 

We then examined the four LBD patients with a predominantly frontal lesion by applying the 

Revised Standardized Difference Test [27] to compare each patient’s discrepancy in performance with 

abstract as compared to concrete items with the control sample (five matched controls for each 

patient). This test allows establishing whether or not discrepant scores on two subtests for a patient can 

be taken as a reliable dissociation. Only one patient was significantly impaired with abstract words, 

while for concrete words the analysis only approached significance [t(4) = −2.74, p = 0.02 and  

t(4) = −1.92, p = 0.06, respectively]. Crucially, the lesion included the superior part of the temporal 

pole. Two patients did not differ from controls both in concrete and abstract words, while the 

remaining one was severely impaired in both concrete and abstract words as compared to controls. His 

lesion, however, was the largest, involving also the parietal and the superior part of the temporal lobe.  

As expected, accuracy correlated with severity of aphasia, measured as TT score (r = 0.67, p < 0.05). 

We also analysed RTs (see Table 4). RTs were excluded from the analysis when the subjects 

responded incorrectly.  

Table 4. Raw RT values for abstract and concrete words in the three groups of participants. 

SD are reported in brackets. 

 RBD LBD Controls 
Abstract 5006.55 (1729.9) 5338.23 (4439.2) 2453.6 (531.2) 
Concrete 4298.42 (1439.8) 4649.28 (3535.1) 2238.9 (426) 

There was a significant effect of word type [F(1, 37) = 20.9, p < 0.001], being all participants 

slower with abstract than concrete items; the effect of group was significant [F(2, 37) = 8.2,  

p = 0.001], but the interaction was not significant [F(2, 37) = 2.5, p = 0.093]. Pairwise comparisons 

(Bonferroni correction) showed that controls were faster than RBD (p = 0.01) and LBD (p = 0.006). 

The results did not change when we applied outlier removal procedures, such as excluding RTs > 5000 

(word type p = 0.0001 participants being slower with abstract items, group p = 0.0001, controls being 



Brain Sci. 2013, 3 1236 

 

faster than brain-damaged patients, word type × group, p = 0.021, again participants being faster with  

concrete items). 

3. Lesion Mapping 

Lesions were mapped using MRIcro on 17 MRI performed at the time of testing. Five MRI were 

unavailable. The anatomical sites, which proved to be involved in the lesion for all patients are 

reported in Table 5 and the lesion mappings are reported in Figures 3 and 4. The superior temporal 

gyrus (STG), the MTG and the insula were the sites of major overlapping in temporal LBD as well as 

RBD patients. 

Table 5. Number of voxels involved in lesions in LBD and RBD patients. Areas of major 

overlapping are reported in bold. 

Areas involved 
Total 

Left Right 
Precentral_ 26.33 44.03 

Frontal_Sup_ 26.22 3.77 
Frontal_Sup_Orb_ 7.60 0.98 

Frontal_Mid_ 37.62 46.31 
Frontal_Mid_Orb_ 6.92 9.45 
Frontal_Inf_Oper_ 13.56 57.19 
Frontal_Inf_Tri_ 27.01 77.93 
Frontal_Inf_Orb 12.41 58.77 
Rolandic_Oper_ 21.43 68.35 

Supp_Motor_Area 8.49  
Olfactory_ 2.18 0.96 

Frontal_Sup_Medial 21.79 94.31 
Frontal_Mid_Orb 5.72 0.57 

Rectus 6.64 0.35 
Insula 39.23 94.31 

Cingulum_Ant 10.40 - 
Cingulum_Mid 2.04 0.57 
Hippocampus 0.43 5.31 

ParaHippocampal 0.48 5.47 
Amygdala 0.48 4.76 

Occipital_Sup 0.13 0.22 
Occipital_Mid 4.82 3.71 
Occipital_Inf 0.01 2.56 

Fusiform - 6.23 
Postcentral 26.21 45.52 

Parietal_Sup 0.16 4.05 
Parietal_Inf 7.60 17.66 

SupraMarginal 14.33 35.39 
Angulargyrus 10.20 21.09 

Precuneus 0.04 0.49 
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possible that since controls responded significantly faster than both groups of patients, they produced a 

few more errors. In fact, when we performed an ANOVA on RT/accuracy, we found a significant 

effect of word type [F(1, 37) = 26.83, p < 0.001, partial eta square = 0.42], a significant effect of group  

[F(2, 37) = 8.29, p = 0.001, partial eta square = 0.31], since controls performed significantly better 

than RBD (p = 0.009) and LBD (p = 0.006). The interaction word type × group was also significant  

[F(2, 37) = 8.29, p = 0.022, partial eta square = 0.31]: while controls did not differ in performance with 

abstract and concrete words (p = 0.7), both RBD (p = 0.009) and LBD (p = 0.01) did, with a 

significantly better performance with concrete items. Therefore, if concrete words were bilaterally 

represented, as suggested by some activation studies (for example [28]), we should have found the 

opposite pattern. In addition, both the presence of LBD patients with a reversed concreteness effect 

and the absence of a bilateral activation in some neuroimaging studies (see for example [29,30]) 

challenge the hypothesis of a bilateral representation of concrete terms. Concerning the role of the left 

temporal lobe in processing concrete words, its anterior part was never damaged, except in one case. 

Crucially, a single case analysis performed on this patient’s accuracy [27] showed a classical 

dissociation since the patient’s discrepancy was significantly different from the control sample  

[t(4) = 5.49, p = 0.005, for concrete words t(4) = 0.000, p = 0.5, for abstract words t(4) 0–6.16,  

p = 0.002]. Of course, a single case cannot be conclusive, but it is in line with the data on SD patients 

and with a recent study conducted on patients with selective anterior temporal lobe resection [31]. In 

addition, in our series, patients did not suffer significant damage to the angular gyrus, which may 

explain why concrete word processing was not impaired. 

We will now discuss the significant impairment of abstract words when the left STG and MTG and 

the insula were damaged. The involvement of the insula is not completely new, since it was found 

when comparing abstract words to pseudo-words [16]. One could argue that processing emotional 

words especially with a negative valence [32] involves the insula. Although we carefully selected 

abstract words, in order to avoid those with an emotional content, some of them (e.g., jealousy, 

goodness) did convey either a positive or negative valence, possibly explaining our results. In order to 

investigate this issue we asked a different group of 30 healthy subjects (15 male, mean age 36.3 years, 

SD 13.8, range 24–67, mean educational level 17.5 years, SD 1.6, range 11–18) to rate the emotional 

valence of each stimulus word from −9 (totally negative) to 9 (totally positive) considering the range 

between −3 and 3 as neutral. The effect of valence was then studied by means of a repeated measure 

ANOVA with valence (negative, positive, neutral) and lesion side (RBD, LBD) as independent factors. 

We found a significant effect of valence [F(2, 32) = 4.34, p = 0.021], accuracy being lower for 

negative than positive items (p = 0.012), while there was no significant effect of group  

[F(1, 16) = 0.002, p = 0.96]. The interaction was not significant [F(2, 32) = 0.069, p = 0.93]. Therefore, 

although emotional valence affects performance, this alone cannot explain the lower performance of 

LBD with abstract words, since the valence effect was evident in both groups of patients. 

Regarding the involvement of the MTG, this is in line with the meta-analysis reported above [22] 

that indicates the IFG and the MTG as the sites where abstract concepts elicited greater activity.  

In addition, the STG showed a greater activation for abstract words in some previous studies  

(e.g., [28,33]) and more recently [34], it has been found that abstract sentences activate superior 

temporal and inferior frontal regions.  
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4. Experimental Section 

4.1. Materials and Method  

4.1.1. Participants  

Twenty-two (seven females and 15 males) brain-damaged Italian speakers (mean age 59.77, SD 10, 

range 40–76; mean educational level 12.54, SD 3.23, range 8–18; interval stroke-experimental session 

1–12 months, mean 5.76, SD 3.75) took part in the experiment. Ten patients had a right temporal 

lesion, eight a left (mainly) temporal and four a (predominant) frontal/fronto-parietal damage.  

Twenty-two healthy controls (mean age 59, SD 9.45, range 40–74; mean educational level 12.5,  

SD 3.17, range 8–18), matched for age, education and sex to the patients, also performed the 

experiment. All participants were right-handed with a mean score on the Edinburgh Handedness 

Inventory (EHI) of +98% [35]. All RBD patients (four females, mean age 55.9, range 45–65, SD 6.17; 

mean education 11.1, range 8–17, SD 3.28; mean interval post-stroke in months 5.2, SD 3.8) were 

submitted to the Mini Mental State Examination to exclude cognitive decline, and to the conventional 

subtests of the Behavioural Inattention Test (BIT, [36]) to assess USN. LBD patients (three females, 

mean age 63, SD 11.64, range 40–76; mean education 13.75, SD 2.77, range 8–18; mean interval  

post-stroke in months 6.2, SD 3.74) were submitted to a standard language examination and to the  

TT [37]. All patients had completed at least a three-month treatment for aphasia. Only patients with a 

TT > 15 were included in the study to make sure that instructions could be comprehended. An 

additional LBD patient, despite a TT of 22, had to be excluded since he was unable to complete the 

experimental task. All patients signed an informed consent prior to starting the experiment. 

4.1.2. Material 

A semantic similarity judgment task was used (PACCAS, Parole Astratte e Concrete Coordinate e 

Associate Semanticamente; Abstract and concrete words, semantically coordinate and associate) [38]. 

The test included 120 (60 abstract and 60 concrete) noun triplets, randomly intermingled. Six 

additional stimuli were used for a training phase. The target words were semantically associated in 60 

trials (30 for concrete and 30 for abstract nouns) or semantically coordinated in the remaining 60. 

Therefore, the same concrete/abstract word appeared twice, once with the target word being an 

associate and the second time a semantic coordinate. Abstract and concrete words were matched for 

frequency (COLFIS, [39]). The mean frequency of the stimuli was 43.5 for concrete and 47.13 for 

abstract words [t(58) = −0.37, p = 0.7]. The mean frequency of coordinate targets was 32.86 for 

concrete and 37.26 for abstract words [t(58) = −0.53, p = 0.59]. Finally, the mean frequency for 

semantic associate targets was 43.06 for concrete and 47.63 for abstract words [t(58) = −0.4, p = 0.69].  

The rate of abstractness/concreteness and the conceptual proximity of pairs of words within the 

same triplet were checked, using a Likert scale with 30 healthy participants who did not take part in 

the experiment. Only concrete words with a score >4 and abstract words with a score <3 were selected. 

The mean rating was 4.70 (SD 0.17, range 4.23–4.98) for concrete items and 2.15 (SD 0.3, range  

1.58–2.98) for abstract items. The difference was significant (t = −81.54, p = 0.001). Thirty additional 

healthy participants were tested to verify whether RTs were comparable for abstract and concrete 
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lobe, and we considered where damage was prevalent; the number of patients was limited by the 

criteria of inclusion; not all MRI were available; and also, the experimental task was not extremely 

sensitive, so that the number of errors was low. Alternatively, patients produced only few errors since 

they were selected on the basis of their lesion and not because they presented with lexical-semantic 

deficits. However, one can also speculate that if the test is not difficult enough, an error becomes 

particularly relevant, since it indicates a real deficit. However, our results complement and support 

activation studies [22] and are specular to those found in SD patients where atrophy predominantly 

affects the anterior-inferior temporal area [3–5]. Moreover, our data and the existing literature suggest 

that the representations of abstract concepts are carried in a more distributed fashion; possibly more 

generally in the prefrontal cortex (see [40]). Finally, our data support the hypothesis that concrete 

words are organized according to a semantic similarity principle, while abstract words are 

predominantly organized according to a primary principle based on association, as also recently 

reported in healthy participants [41]. However, since our patients produced only a relatively small 

number of errors, this assumption still needs additional evidence.  

Acknowledgments 

The Authors are grateful to Mariarosa Colombo, Nicoletta Beschin, Roberta Ronchi and Elena Fenu 

for referring the patients to us; Eraldo Paulesu for teaching us how to perform lesion mapping; Giulia 

Cazzolli, Rita Capasso and Gabriele Miceli for providing the experimental material with the frequency 

and concreteness values. 

Conflict of Interest 

The authors declare no conflict of interest. 

References 

1. Paivio, A. Dual coding theory: Retrospect and current status. Can. J. Psychol. 1991, 45, 255–287. 

2. Coltheart, M.; Patterson, K.E.; Marshall, J.C. Deep Dyslexia; Routledge: London, UK, 1980. 

3. Breedin, S.D.; Saffran, E.M.; Coslett, H.B. Reversal of the concreteness effect in a patient with 

semantic dementia. Cogn. Neuropsychol. 1994, 11, 617–660. 

4. Macoir, J. Is a plum a memory problem? Longitudinal study of the reversal of concreteness effect 

in a patient with semantic dementia. Neuropsychologia 2008, 47, 518–535. 

5. Papagno, C.; Capasso, R.; Miceli, G. Reversed of concreteness effect for nouns in a subject with 

semantic dementia. Neuropsychologia 2009, 47, 1138–1148. 

6. Schwanenflugel, P.J.; Shoben, E.J. Differential context effects in the comprehension of abstract 

and concrete verbal materials. J. Exp. Psychol. Learn. Mem. Cogn. 1983, 9, 82–102. 

7. Marshall, J.; Pring, T.; Chiat, S.; Robson, J. Calling a salad a federation: An investigation of 

semantic jargon. Part 1—Nouns. J. Neurolinguist. 1996, 9, 237–250. 

8. Mattioli, F. The Reverse of the Concreteness Effect. Presented at the 46th Annual Conference of 

the Academy of Aphasia, Turku, Finland, 19–21 October 2008. 



Brain Sci. 2013, 3 1242 

 

9. Sirigu, A.; Duhamel, J.R.; Poncet, M. The role of sensorimotor experience in object recognition. 

Brain 1991, 114, 2555–2573. 

10. Warrington, E.K. The selective impairment of semantic memory. Q. J. Exp. Psychol. 1975, 27, 

635–657. 

11. Warrington, E.K. Concrete word dyslexia. Br. J. Psychol. 1981, 72, 175–196. 

12. Warrington, E.K.; Shallice, T. Category specific semantic impairments. Brain 1984, 107,  

829–854. 

13. Crutch, S.; Warrington, E.K. Abstract and concrete concepts have structurally different 

representational frameworks. Brain 2005, 128, 615–627. 

14. Sabsevitz, D.S.; Medler, D.A.; Seidenberg, M.; Binder, J.R. Modulation of the semantic system 

by word imageability. NeuroImage 2005, 27, 188–200. 

15. Noppeney, U.; Price, C.J. Retrieval of abstract semantics. NeuroImage 2004, 22, 164–170. 

16. Binder, J.R.; Westbury, C.F.; McKiernan, K.A.; Possing E.T.; Medler, D.A. Distinct brain 

systems for processing concrete and abstract concepts. J. Cogn. Neurosci. 2005, 17, 905–917. 

17. Perani, D.; Cappa, S.F.; Schnur, T.; Tettamanti, M.; Collina, S.; Rosa, M.M.; Fazio, F. The neural 

correlates of verb and noun processing. Brain 1999, 122, 2337–2344. 

18. Whatmough, C.; Verret, L.; Fung, D.; Cherktow, H. Common and contrasting areas of activation 

for abstract and concrete concepts: An H2
15O PET study. J. Cogn. Neurosci. 2004, 16,  

1211–1226. 

19. Kiehl, K.A.; Liddle, P.F.; Smith, A.M.; Mendrek, A.; Forster, B.B.; Hare, R.D. Neural pathways 

involved in the processing of concrete and abstract words. Hum. Brain Mapp. 1999, 7, 225–233. 

20. Paivio, A. Imagery and Verbal Processes; Holt Rinehart and Winston: New York, NY,  

USA, 1971. 

21. Jennings, J.M.; McIntosh, A.R.; Kapur, S.; Tulving, E.; Houle, S. Cognitive subtractions may not 

add up: The interaction between semantic processing and response mode. NeuroImage 1997, 5, 

229–239. 

22. Wang, J.; Conder, J.A.; Blitzer, D.N.; Shinkareva, S.V. Neural representation of abstract and 

concrete concepts: A meta-analysis of neuroimaging studies. Hum. Brain Mapp. 2010, 31,  

1459–1468. 

23. Papagno, C.; Fogliata, A.; Catricalà, E.; Miniussi, C. The lexical processing of abstract and 

concrete nouns. Brain Res. 2009, 1263, 78–86. 

24. Pobric, G.; Lambon Ralph, M.A.; Jefferies, E. The role of the anterior temporal lobes in the 

comprehension of concrete and abstract words: rTMS evidence. Cortex 2009, 45, 1104–1110. 

25. Richardson, J.T.E. Concreteness and imageability. Q. J. Exp. Psychol. 1975, 27, 235–249. 

26. Connell, L.; Lynott, D. Strength of perceptual experience predicts word processing performance 

better than concreteness or imageability. Cognition 2012, 15, 452–465. 

27. Crawford, J.R.; Garthwaithe, P.H. Testing for suspected impairments and dissociations in  

single-case studies in neuropsychology: Evaluation of alternatives using Monte Carlo simulations 

and revised tests for dissociations. Neuropsychology 2005, 19, 318–331. 

28. Mellet, E.; Tzourio, N.; Denis, M.; Mazoyer, B. Cortical anatomy of mental imagery of concrete 

nouns based on their dictionary definition. NeuroReport 1998, 9, 803–808. 



Brain Sci. 2013, 3 1243 

 

29. Fiebach, C.J.; Friederici, A.D. Processing concrete words: fMRI evidence against a specific  

right-hemisphere involvement. Neuropsychologia 2004, 42, 62–70. 

30. Grossman, M.; Koenig, P.; DeVita, C.; Glosser, G.; Alsop, D.; Detre, J.; Gee, J. The neural basis 

for category-specific knowledge: An fMRI study. NeuroImage 2002, 15, 936–948. 

31. Loiselle, M.; Rouleau, I.; Nguyen, D.K.; Dubeau, F.; Macoir, J.; Whatmough, C.; Lepore, F.; 

Joubert, S. Comprehension of concrete and abstract words in patients with selective anterior 

temporal lobe resection and in patients with selective amygdalo-hippocampectomy. 

Neuropsychologia 2012, 50, 630–639. 

32. Straube, T.; Sauer, A.; Miltner, W.H.R. Brain activation during direct and indirect processing of 

positive and negative words. Behav. Brain Res. 2011, 222, 66–72. 

33. Beauregard, M.; Chertkow, H.; Bub, D.; Murtha, S.; Dixon, R.; Evans, A. The neural substrate for 

concrete, abstract and emotional word lexica: A positron emission tomography study. J. Cogn. 

Neurosci. 1997, 9, 441–461. 

34. Desai, R.H.; Binder, J.R.; Conant, L.L.; Seidenberg, M.S. Activation of sensory-motor areas in 

sentence comprehension. Cereb. Cortex 2010, 20, 468–478. 

35. Oldfield, R.C. The assessment and analysis of handedness: The Edinburgh inventory. 

Neuropsychologia 1971, 9, 97–113. 

36. Wilson, B.; Cockburn, J.; Halligan, P. Development of a behavioural test of visuospatial neglect. 

Arch. Phys. Med. Rehabil. 1987, 68, 98–102. 

37. De Renzi, E.; Faglioni, P. Normative data and screening power of a shortened version of the 

Token Test. Cortex 1978, 14, 41–49. 

38. Cazzolli, G. Cognitive Representation of Concrete and Abstract Words: PACCAS Test.  

M.Sc. Dissertation, Padua University, Padua, Italy, October 2009. 

39. Bertinetto, P.M.; Burani, C.; Laudanna, A.; Marconi, L.; Ratti, D.; Rolando, C.; Thornton, A.M. 

CoLFIS (Corpus e Lessico di Frequenza dell’Italiano Scritto), 2005. Available online: 

http://www.istc.cnr.it/material/database (accessed on 22 January 2013). 

40. Shallice, T.; Cooper, R.P. Is there a semantic system for abstract words? Front. Hum. Neurosci. 

2013, 7, 175. 

41. Duñabeita, J.A.; Avilés, A.; Afonso, O.; Scheepers, C.; Carreiras, M. Qualitative differences in 

the representation of abstract versus concrete words: Evidence from the visual-world paradigm. 

Cognition 2009, 110, 284–292. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access  

article distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


