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A B S T R A C T   

Lexical competence includes both the ability to relate words to the external world as accessed through (mainly) 
visual perception (referential competence) and the ability to relate words to other words (inferential compe
tence). We investigated the role of visual imagery in lexical inferential competence by using an auditory version 
of an inferential naming-to-definition task, in which visual imageability of both definitions and target words was 
manipulated. A visual imageability-related brain activity (bilateral posterior-parietal lobe and ventrotemporal 
cortex, including fusiform gyrus) was found during a “pure” inferential performance. The definition effect in high 
vs. low imageability contrast suggests that a visual-imagery strategy is spontaneously activated during the 
retrieval of a word from a high imageable definition; such an effect appears to be independent of whether the 
target word is high or low imageable. This contributes to the understanding of the neural correlates of semantic 
processing and the differential role of spontaneous visual imagery, depending on the semantic properties of the 
processed stimuli.   

1. Introduction 

Lexical semantic competence, i.e. knowledge of word meaning, is 
traditionally assessed by means of a variety of verbal semantic tasks, 
both in production and in comprehension. Some reflections in the phi
losophy of language (Marconi, 1997) have suggested a distinction be
tween two different classes of verbal semantic tasks, i.e. referential and 
inferential tasks (Marconi et al., 2013; see also Calzavarini, 2017; Cal
zavarini, 2019). Referential tasks involve the language–world relation as 
mediated by perception, particularly by vision (i.e., picture naming, 

word-picture matching), while inferential tasks require the ability to 
deal with semantic relations among lexical items. Examples of inferen
tial tasks are word-word matching, which requires selecting which word 
among various alternatives is best related in meaning to a probe word, 
and naming to definition, in which subjects are asked to recover a target 
word from a verbal definition. Property/sentence verification, sentence 
completion, and semantic relatedness decision can likewise be consid
ered as inferential tasks (Calzavarini, 2017; 2019). 

Inferential tasks have been found to correlate with increased acti
vation in language-related areas, such as left superior and middle 
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temporal gyri (Marconi et al., 2013). In a previous study (Marconi et al., 
2013) some typical visual related areas were found to be also engaged by 
purely inferential tasks, not involving visual recognition of objects or 
pictures. Such activation might reflect visual imagery/visual semantic 
processes triggered by “visually loaded” sentences and words used in the 
tasks (in spite of the fact that visual load was not experimentally 
controlled in that study). In psycholinguistic research, it is common to 
use the term « visual imageability » to indicate the property of a 
particular word or sentence to produce an experience of visual imagery 
(e.g., Jonides et al., 1975). Intuitively, words such as cat or apple refer to 
concrete entities and are associated with high visual imageability. On 
the contrary, low imageable words such as democracy or truth are not 
clearly associated with the production of visual mental images. 

Many previous neuroimaging studies have investigated the effect of 
visual imageability, and multimodal imageability more generally, on 
brain measures (for a review, see Binder, 2007). Some among such 
studies have compared concrete, high imageable material vs abstract, 
low imageable material during inferential tasks such as word-word 
matching (Bedny and Thompson-Schill, 2006; Hoffman et al., 2015; 
Sabsevitz et al., 2005), property verification (Pexman et al., 2007), 
sentence verification (Just et al., 2004) and sentence completion 
(Mestres-Miss�e et al., 2009). Most such studies have shown that infer
ential performances with concrete, high imageable words correlate with 
selective activation of visual-related areas. At a general level, this 
finding is consistent with the results of several neuroimaging studies 
conducted within the so-called Simulation Framework that have re
ported activation of visual cortex during language tasks with concrete, 
high imageable words (for a review, see Kemmerer, 2010). According to 
the Simulation Framework, sensorimotor cortex is critical for semantic 
competence. As restricted to visual modality, the Simulation Framework 
predicts that the visual cortex, particularly the visual association cortex 
in ventral temporal lobes (e.g., Martin, 2007), stores visual conceptual 
knowledge. For instance, according to Simmons and Barsalou (2003), 
“visual feature maps” in ventral temporal stream represent visual 
properties of concrete objects that are routinely mobilized not only in 
visual recognition, but also in more general conceptual and linguistic 
processing including inferential tasks. 

Although the above mentioned data seem to support the imageability 
hypothesis, caution should be taken for several reasons. The first is that 
not all neuroimaging studies investigating the role of imageability in 
inferential tasks reported selective activation of visual related areas 
during the processing of concrete, high imageable words (e.g., Gies
brecht et al., 2004; Pexman et al., 2007). Secondly, some inferential 
studies that did report an imageability effect in visual related regions 
were potentially confounded by the explicit request to imagine the se
mantic content of words or sentences (Just et al., 2004; Mellet et al., 
1998). Thirdly, few studies have manipulated imageability during 
language-related tasks with auditory stimuli such as words (Wise et al., 
2000) or sentences (Desai et al., 2010; Just et al., 2004). Finally, few 
studies manipulated imageability during language tasks involving 
complete sentences as stimuli (e.g., Desai et al., 2010, 2011; Mellet et al., 
1998); more importantly, no previous studies manipulated imageability 
during a naming to definition task. 

In the present fMRI study, we further investigate the role of visual 
imageability in inferential performances by collecting behavioural and 
neuroimaging data during a naming to definition task. Note that par
ticipants were not explicitly instructed to generate a visual mental image 
of the definition’s content. The visual imageability of definitions and 
target words was manipulated throughout the experiment by comparing 
high with low visual imageable stimuli. Thus for the same target, 
whether high imageable (e.g. ’cat’)or low imageable (e.g. ’intelli
gence’), there were two alternative definitions, high imageable (e.g. for 
’cat’: ’The mice hunter with whiskers and a long tail is … ’; for ’intel
ligence’: ’People believed that a big brain was a symptom of … ’) and 
low imageable (e.g. for ’cat’: ’The domestic feline with nine lives is … ’; 
for ’intelligence’: ’The quality of people who easily solve hard problems 

is called … ’). See details in Methods. 
Our expectation here was that the manipulated variable (i.e. the 

visual load of both targets and definitions) would modulate the 
imageability-related brain activity during the naming to definition task. 
In our 2 � 2 factorial design, a significant interaction would suggest that 
the visual loads of both target and definition contribute to activate visual 
imageability-related areas; thus, we expected that high imageable def
initions of high imageable targets would show greater imeageability- 
related brain activity with respect to the other conditions. Alterna
tively, a specific effect of either factor (target/definition) might allow us 
to assess whether the imageability-related brain activity is mainly 
associated with visual imageability of the verbal definitions (irre
spective of whether the target word is high or low imageable) or with 
visual imageability of the recovered target words (irrespective of 
whether the definition contains high or low imageable words). 

2. Materials and methods 

2.1. Participants 

Twenty-five healthy volunteers, native Italian speakers, were 
recruited for the experiment. Due to technical issues during fMRI 
acquisition (excess of head movement while speaking in six subjects 
and/or failure of voice recording during scan in two subjects), eight 
subjects were excluded from the analysis. Thus, 17 subjects (9 females 
and 8 males), 21–30 years of age (mean � standard deviation ¼ 23.5 �
2.5) were considered for the main analysis (an additional behavioral 
analysis including 23 subjects is presented in Supplementary Online 
Materials SOM). All participants gave their written informed consent. 
The procedure was approved by the ethical committee of the University 
of Turin (N: 134681), in accordance with the Declaration of Helsinki 
(World Medical Association, 1991). Participants were all naïve to both 
the experimental procedure and the aims of the study. 

2.2. Experimental design 

Participants were asked to perform an inferential ’naming to defi
nition’ task inside the MRI scanner. During the task, a sentence was 
pronounced and the participants were instructed to listen to the stimulus 
given in the headphones (listening phase) and to overtly name, as 
accurately and as fast as possible, the target word corresponding to the 
definition (answering phase). During the experiment, accuracy and re
action time were collected. At the end of the experimental session, 
subjects were administered a visual imageability questionnaire: they 
had to rate on a 1–7 Likert scale the intensity of the visual imagery 
experience they perceived as related to each target and each definition. 
For each sentence, the level of visual imageability (high vs low) was 
manipulated either in the “definition factor” (i.e. the statement that 
describes the target could have either a high level or a low level of visual 
imageability) or in the “target factor” (the word naming the object 
described in the definition could have either a high level or a low level of 
visual imageability). This design gave rise to four experimental condi
tions: High Imageable Target \ High Imageable Definition (HIT\HID; e. 
g., “The bird of prey with large wings flying over the mountains is the … 
eagle”); High Imageable Target \ Low Imageable Definition (HIT\LID; e. 
g., “The hottest of the four elements of the ancients was … fire”); Low 
Imageable Target \ High Imageable Definition (LIT\HID; e.g., “Pinoc
chio’s nose stretched when he told a … lie”); Low Imageable Target \ Low 
Imageable Definition (LIT\LID; e.g., “The quality of people that easily solve 
hard problems is called … intelligence”). 

Thus, for each condition there were 24 sentences, 96 sentences 
overall. Number of words (nouns and adjectives), word frequency, and 
(syntactic dependency) structure of the included sentences were uni
form across conditions (see Supplementary analysis of the set of stimuli 
in SOM). 
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2.3. fMRI paradigm 

We designed a fast event related paradigm according to the following 
timeline (Supplementary Fig. 1): 1) 5 s of listening phase (participant 
hears the definition); 2) 2 s of answering phase (subject’s verbal 
response); 3) random jitter from 1 to 2 s (mean 1.5 s). For each condition 
(HIT\HID, HIT\LID, LIT\HID, LIT\LID), 24 stimuli were presented in 
pseudo-random order. Note that there were 48 definitions and 48 tar
gets, 24 targets repeated twice; for each target we had both a visual (HI) 
and a non-visual (LI) definition. Each trial lasted 7 s (5 s for the question 
and 2 s for the answer) plus random jittering (1–2 s). We performed 1 
run per participant; each run was composed of 24 trials for each con
dition (96 in all). The total functional protocol lasted about 17 min (see 
details in Supplementary Fig. 1). In a training period prior to fMRI, 
participants familiarized with the task in the control room, using a short 
version of the naming to definition task on sentences not included in the 
main experiment. 

2.4. Behavioral data analysis 

Details of behavioral data acquisition within the MRI scanner are 
reported in SOM. In the main analysis, including 17 subjects, the par
ticipants’ performance was evaluated by recording, for each response, 
the reaction time (RT) and the accuracy (AC). Then, RT and AC were 
combined into the Inverse Efficiency Score (IES), a metrics commonly 
used to aggregate reaction time and accuracy and to summarize them by 
using the formula IE¼(RT/AC)*100 (Townsend and Ashby, 1978). The 
mean IES value was used as the dependent variable and entered in a 2 �
2 ANOVA with “Target” (“High imageable”; “Low imageable”) and 
“Definition” (“High imageable”; “Low imageable”) as within-subjects’ 
factors. Post hoc comparisons were performed using the Duncan test. 
Additionally, we performed separate analyses for RT and AC (see SOM) 
and we performed the IES analysis on 23 subjects (including the six 
participants previously excluded due to head movements). These addi
tional analyses confirmed the results of the main analysis (see SOM). 

Finally, to analyze the visual imageability questionnaire, we 
computed for each item (definition and target) a mean imageability 
score, obtained by averaging the participants’ ratings. The resulting data 
were analyzed using non-parametric Wilcoxon test, contrasting High vs. 
Low imageable Targets and Definitions. Furthermore, to perform cor
relations with the beta values extracting from visual-related clusters 
highlighted by the fMRI analysis (see below), we averaged the image
ability score for each definition item across subjects, obtaining a 
normative value for each element in the questionnaire. All behavioral 
analyses, included correlations with fMRI data (see below), are per
formed by using STATISTICA software (https://www.tibco.com/pr 
oducts/data-science). 

2.5. FMRI data acquisition, preprocessing and analysis 

The experiment was performed at the Koelliker Hospital of Turin 
(Italy), by means of a 1.5-T magnetic resonance (MR) scanner (Ingenia, 
Philips Healthcare, Best, The Netherlands) with a Philips dStream 
HeadSpine coil 15 channels head coil optimized for functional imaging. 
A MRI compatible headphones system (NordicNeuroLab AS, Bergen, 
Norway, http://www.nordicneurolab.com/) was used to present audi
tory stimulation via E-Prime software (Psychology Software Tools, Inc., 
Pittsburgh, PA), which also ensured synchronization with the MR 
scanner and the behavioral data collection. 

For fMRI acquisition: echo planar imaging (EPI) with matrix size 64 
� 64, Time Repetition 2.5 s, Time Echo 41 ms, 25 slices with interleaved 
scan order, isotropic voxel size 4 mm, slice gap 0.5 mm, phase encode 
directions (Posterior-Anterior), functional run of 418 volumes. For T1 
weighted acquisition: 3-dimensional high resolution T1w, fast field echo 
sequence, Time Repetition 25 ms, ultra-short Time Echo, 30� flip angle, 
in-plane voxel resolution 0.98 � 0.98 mm with 1.5 mm slice thickness, 

107 sagittal slices. The functional EPI was preprocessed using FSL 5.0.8 
(http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/, Jenkinson et al., 2012) following 
a standard pipeline: I) motion correction using mcflirt to align the data 
to the middle volume; II) EPI distortion correction using TOPUP method 
(FSL - 5 volumes phase encode direction Anterior-Posterior); III) the 
functional data were coregistered into native structural T1w image 
using Boundary Based Registration (BBR); IV) then, the subject-specific 
T1w was coregistered into standard MNI152 2 mm (isotropic voxel size) 
template using linear affine transformation with 12 Degrees of Freedom 
(FLIRT - FSL); V) the intensity in the EPI images was normalized using a 
single scaling factor (“grand mean scaling”) for each volume; VI) the 
functional image was 7 mm spatial smoothed and high pass temporal 
filtered at 90 s. To quantify the cerebral activity in response to the task 
(first level analysis), a double-gamma Hemodynamic Response Function 
(HRF) was fitted in the design matrix in FILM (FMRIB’s Improved Linear 
Model) approach adding temporal derivatives to shift the convolved 
design in time to compensate for regional change in the HRF. 

In the fMRI analysis, to achieve the group result, we adopted the two 
level analysis approach in FSL. At the first level, we estimated T contrast 
of parameter estimates (cope) within the functional run for each subject. 
At the second level, we performed a group analysis controlling the be
tween-subject’s variance using mixed-effect approach (FLAME1 option 
in FSL) using a cluster forming threshold of z ¼ 2.3 and FWE cluster 
corrected at p < 0.05. 

fMRI analyses were performed using an ANCOVA-like approach. In 
the GLM design, we modelled the paradigm phase named “listening” 
(see Supplementary Fig. 1) because our focus was on the understanding- 
and-search process (inferential performance). Note that we used T- 
contrasts, instead of F-contrasts, as we were directly interested in the 
directionality of the High vs. Low effect. The T-contrasts were defined 
as: “Definition” with ‘High imageable” [(HIT\HID þ LIT\HID)-(HIT\LID 
þ LIT\LID)] and “Low imageable” [(HIT\LID þ LIT\LID)-(HIT\HID þ
LIT\HID)]; “Target” with “High imageable” [(HIT\HID þ HIT\LID)-(LIT 
\HID þ LIT\LID)] and “Low imageable” [(LIT\HID þ LIT\LID)-(HIT 
\HID þHIT\LID)]; “Interaction” [(HIT\HID þ LIT\LID)-(LIT\HID þHIT 
\LID)] and [(LIT\HID þ HIT\LID)-(HIT\HID þ LIT\LID)]. “Interaction” 
derives from the contrasts between conditions in which definitions and 
target words were either both high imageable or both low imageable 
(“congruent conditions”), and conditions in which this was not the case 
(“incongruent conditions”). Our main goal was to investigate cerebral 
areas that are involved during the task, excluding the difficulty of the 
task itself, mirrored by the subject’s performance. Therefore, IES was 
included in the design as a covariate of no interest (see SOM). After
wards, we created a single mask for each cluster of activation observed 
in a group level whole brain analysis of trials containing highly image
able definitions versus trials with low imageability definitions. From 
within these masks, and at the single subject level, we extracted an 
average beta value from across all voxels and for each individual trial. 
Then these values were averaged across subjects for each item. To 
compute the single trial beta for each stimulus, we fitted into GLM 
analysis the single trial regressor plus a regressor with all other trials 
(Mumford et al., 2012). Subsequently, these group average values were 
correlated with average subjective ratings of the imageability scores (see 
section “Behavioral data analysis” above). To explore the presence of 
such a correlation, we performed two ANCOVA models in which sub
jective ratings at the visual imageability questionnaire were used to 
predict beta values in visual areas showing a Definition effect in the High 
vs Low T-contrast (i.e. Right and Left Fusiform Gyrus), also controlling 
for the condition effect (e.g. Burin et al., 2017; Garbarini et al., 2014). In 
two separated ANCOVA models, we used as dependent variables the 
beta values extracted from either the right or left fusiform areas. In both 
models, the four experimental conditions (HIT\HID, HIT\LID, LIT\HID, 
LIT\LID) were used as categorical predictor and the subjective ratings at 
the questionnaire were used as continuous predictor. 

All the anatomical localization and tables were derived from Xjview 
(http://www.alivelearn.net/xjview), which allows to describe, for each 
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cluster, the location of the maximum peak and how many voxels are 
comprised in the WFU_PickAtlas database (Maldjian et al. 2003). 

3. Results 

3.1. Behavioral results 

The ANOVA results showed a significant effect of the within-subject 
factor “target” [F (1,16) ¼ 12.385; p ¼ 0.003), with the IES values 
significantly lower in the high (mean � sem ¼ 696.877 � 69.387) than 
in the low (mean � sem ¼ 845.848 � 97.163) visual imageable targets. 
No significant effect was found for the “definition” factor. We also found 
a significant “target*definition” interaction [F(1,16) ¼ 5.016; p <
0.041), showing that high imageable definitions improved performance 
with high imageable targets and worsened performance with low 
imageable targets (Duncan post hoc comparison: p ¼ 0.007). On the 
contrary, with low imageable definitions no difference between high 
and low imageable targets was found (p ¼ 0.238). See Fig. 1. See 
additional behavioral analysis in Supplementary Online Materials 
(SOM). 

Comparing ratings for high imageable (mean � sem ¼ 5.95 � 0.08) 
and low imageable (mean � sem ¼ 4.64 � 0.10) definitions in the visual 
imageability questionnaire results, we found a significant difference (p 
< 0.001; Wilcoxon test). Comparing ratings for high imageable (mean �
sem ¼ 5.66 � 0.11) and low imageable (mean � sem ¼ 4.93 � 0.13) 
targets we likewise found a significant difference (p < 0.001). 

3.2. fMRI results 

The main result of our fMRI analysis show a visual imageability ef
fect in the Definition (High vs Low) contrast, including several bilateral 
clusters in visual imagery related areas (such as bilateral Fusiform 
Gyrus, Middle Temporal Gyrus, Precuneus, Inferior and Superior Pari
etal Lobule (see details in Table 1, Supplementary Table 1 and Fig. 2A)). 
In the Definition reverse contrast (Low vs. High) a greater brain activity 
was found in the left Angular Gyrus (Supplementary Table 2; Supple
mentary Fig. 2). In the Target contrast, only a very specific activity in the 
left mouth sensorimotor areas was found in the High vs. Low contrast 
(see Supplementary Table 3 and Supplementary Fig. 3). No Target effect 
was found in the reverse contrast. In the Interaction contrast, when HIT 
\LID þ LIT\HID and HIT\HID þ LIT\LID are compared, a significantly 
greater activity was found in the left Angular Gyrus, Left Inferior and 
Middle Frontal Gyrus (see Supplementary Table 4 and Supplementary 
Fig. 4). No Interaction effect was found in the reverse contrast. 

3.3. Correlations between visual imageability questionnaire and beta 
values of the brain areas showing a definition effect 

The ANCOVA model for the Left Fusiform Gyrus revealed that the 
subjective ratings at the visual imageability questionnaire significantly 
predicts the beta values (F(1,91) ¼ 8.007, p ¼ 0.005), even when the 
effect of condition was controlled for. On the contrary, the ANCOVA 
model for the Right Fusiform Gyrus did not show a significant effect of 
the visual imageability questionnaire in predicting the beta values (F 
(1,91) ¼ 0.166, p ¼ 0.683). See Fig. 2B. 

4. Discussion 

The primary aim of our study was to further investigate the role of 
visual imageability during inferential performances, particularly during 
an inferential naming to definition task. To this aim, we manipulated the 
visual imageability of both definitions and target words, so that both 
high and low visual imageable targets and high and low visual image
able definitions were included in the experimental design. Visual 
imageability related effects were found at both the behavioral and the 
neuroimaging level. 

Behavioral results show that, overall, the participants’ performance 
was significantly faster and more accurate when they had to name high 
than low imageable targets. This confirms the advantage for words 
quickly and spontaneously associated with mental images, as previously 
described by using both similar (Kiran and Tuchtenhagen, 2004) and 
different (e.g., Hoffman et al., 2015) semantic inferential tasks. 
Furthermore, our results show that high imageable definitions improve 
performance with high imageable targets and worsen it with low 
imageable targets (see Fig. 1). This result somehow mirrors the stimuli 
list construction phase, where it was easier to define high imageable 
targets (e.g., eagle) using high imageable words, and low imageable 
targets (e.g., intelligence) using low imageable words, than vice versa 
(defining high imageable. Targets by low imageable words, etc.). We can 

Fig. 1. Behavioral results. The graph shows, for each condition, the mean IES 
with standard error of the mean (sem). Significant differences between condi
tions were marked with asterisks (**p < 0.005). 

Table 1 
The table shows the imageability-related brain areas and the coordinates at 
maximum peak of the cluster in the Definition contrast (High vs Low). Sub-re
gions indicate the extension of the activation blobs through some areas. The 
anatomical location of each single cluster was defined using “cluster report” in 
xjview MATLAB script (http://www.alivelearn.net/xjview, for more details see 
Supplementary Tables 1–4). The coordinates X-Y-Z are relativized to MNI 
standard space.  

Area z-score X Y Z 

LOW IMAGEABLE DEFINITION 
Left Angular Gyrus 3.8639 � 44 � 74 42 
HIGH IMAGEABLE DEFINITION 
Left Fusiform Gyrus 4.7461 � 42 � 52 � 16 

Sub-regions    
Left Inferior Temporal 
Gyrus    
Left Middle Temporal Gyrus    
Left Inferior Occipital Gyrus    

Right Inferior Temporal 
Gyrus 

3.9769 48 � 54 � 6 
Sub-regions    
Right Inferior Parietal 
Lobule    
Right Superior Parietal 
Lobule    
Right Postcentral Gyrus    
Precuneus    
Right Fusiform Gyrus    

Left Superior Parietal 
Lobule 

4.5263 � 24 � 70 40 
Sub-regions    
Left Inferior Parietal Lobule    
Precuneus    
Left Postcentral Gyrus    
Left Superior Occipital 
Gyrus     
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speculate that for low imageable words (or at least those included in our 
list) it is harder both to produce (stimuli construction) and to associate 
(task) high imageable definitions, while for high imageable words the 
opposite is true. Further research is needed to investigate this aspect. 

As far as the fMRI results are concerned, the main findings of the 
present study are that a visual imageability related brain activity (i.e. 
bilateral ventral temporal cortex, including fusiform gyri) was found in a 
specific inferential task (i.e. naming to definition) and that such activity 
was selectively associated with high visual imageability of the defini
tions, irrespective of whether the target word to be retrieved was high or 
low visual imageable (see Fig. 2A). 

The first result supports the view that visual imagery may play a role 
in inferential performances with high imageable stimuli. Previous neu
roimaging studies, using different inferential tasks or different methods, 
showed similar imageability effects in ventral temporal (e.g., Hoffman 
et al., 2015; Sabsevitz et al., 2005) and/or posterior parietal cortex (e.g., 
Sabsevitz et al., 2005). In the study of Bookheimer et al. (1998), subjects 
underwent PET while performing a naming to definition task with 
concrete, high imageable (three-word) definitions and target words. In 
addition to areas associated to language processing, listening to high 
imageable definitions elicited increased activation in the visual cortices 
(i.e., bilateral occipital gyri, left fusiform gyrus). However, no low 
imageable definitions or target words were used in that study, so that it 
was impossible to investigate neural activation elicited by high vs. low 
imageable stimuli. In the study of Mellet et al. (1998), subjects were 
asked to listen to 15 words and their definitions. In the first (“concrete”) 
condition, both definitions and target words were high imageable. In the 
second (“abstract”) condition, the words were ordinary words for ’ab
stract’ concepts. A strong visual imagery effect was found in bilateral 
inferior temporal/fusiform gyrus, as well as in the left inferior parietal 
lobule (among other areas). However, critically, subjects were not asked 

to retrieve and say aloud the word corresponding to a given definition. 
Finally, in contrast with our study, subjects in that experiment were 
explicitly requested to imagine the semantic content of the linguistic 
stimuli used in the high imageable condition, thereby making it 
impossible to verify if visual activation was spontaneously triggered in 
inferential performances. On the contrary, our study shows the selective 
activation of visual-imagery related areas in a “pure” naming to defi
nition task (with no concurrent visual imagery task), with stimuli spe
cifically designed to oppose high and low visual imageability. 

Importantly, neither an interaction effect nor a target effect was 
found in visual imageability related brain areas. This suggests that a 
visual imagery strategy may be unconsciously activated by a high 
imageable definition, irrespective of whether the target word is high or 
low imageable. Nevertheless, a potential limitation of this study is that, 
during the listening phase (on which we focused our analysis), it is not 
possible to precisely disentangle the BOLD response relative to the 
definition comprehension from the BOLD response relative to the search 
of the target word (though it is plausible to conjecture that search for the 
target word started during the comprehension phase, even before 
comprehension was completed). Therefore, more research is needed to 
further investigate this point. 

Furthermore, our fMRI results show a significant Interaction effect in 
the left Angular Gyrus and the Left Middle and Inferior Frontal Gyrus 
(see Supplementary Figure and Table 4). Even if the left Angular Gyrus 
also showed a Definition (Low vs High) effect, the Interaction effect 
makes clear that the Definition effect was led by the HIT\LID condition, 
including low imageable definitions of high imageable targets. A 
possible explanation of our findings is that defining a high imageable 
word by means of sentences consisting of low imageable terms, and 
viceversa, may be perceived by the subjects as a violation of their se
mantic expectations (semantic violation). This interpretation is consistent 

Fig. 2. A: fMRI results. The figure shows 
imageability-related brain activity in the Definition 
contrast (High vs. Low). The results are thresholded 
at z ¼ 2.3 and cluster corrected at p < 0.05. L ¼ Left, 
R ¼ Right. B: Correlations results. The graph shows 
correlations between subjective ratings on the visual 
imageability questionnaire and beta values of the 
high imageable definition related area. Left Fusiform 
Gyrus F(1,91) ¼ 8.007 p ¼ 0.005, Right Fusiform 
Gyrus F(1,91) ¼ 0.166 p ¼ 0.683.   
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with previous reports of frontal lobe activations in the processing of 
semantic anomalous sentences (Maess et al. 2006), and with studies 
highlighting the role of the prefrontal cortex and posterior parietal 
cortex in the recognition of semantic violations in action representations 
(Balconi et al., 2014). Finally, this interpretation is consistent with the 
role of the angular gyrus in semantic processing (e.g., Binder 2007; 
Schwartz et al., 2011; Price et al., 2015) and with the role of the inferior 
frontal gyrus in semantic control (e.g., Whitney et al., 2011, 2012). 
Indeed, semantic control has been regarded as “necessary to specifically 
retrieve context-relevant and task-appropriate semantic information 
from the representational system especially when unusual, uncharac
teristic or anomalous meanings need to be accessed” (Wawrzyniak et al., 
2017, p.1). 

Finally, a Target (High vs Low) effect was found in left Precentral/ 
Postcentral Gyrus (see Supplementary Figure and Table 3). According to 
sensorimotor functional localization of lips and tongue (for greater 
detail on lip localization see (Makin et al., 2015), our finding overlaps 
with the left mouth sensorimotor area. This suggests an involvement of 
cerebral areas deputized to oral speech production. To test this hy
pothesis we used Neurosynth database (July 2017); and, indeed, this 
cluster shows a maximum correlation with the term “speech production” 
(r ¼ 0.256). This activity is likely explained by the fact that, in some 
trials, the subjects did not wait for the end of the definition phase in 
order to pronounce the target word. These cases of anticipated response 
were more frequent with high imageable targets, which, coherently, 
showed lower RT with respect to low imageable targets. We acknowl
edge that this result might represent a limitation of the present study. In 
principle, during the listening phase, no vocalizations had to be pro
duced by the subjects (as they were explicitly instructed to produce the 
target word during the response phase). However, we cannot identify 
these anticipated responses to discharge them from the analysis because 
vocal responses were not recorded during the listening phase but only 
during the response phase. 

It is worth noting that the imageability-related effect we found in the 
fMRI results seems to be independent of the participants’ performance 
during the task. Indeed, the visual load manipulation acts in different 
ways on the behavioral parameter (IES) and on brain activity (hemo
dynamic response). IES values exhibited a Target effect (performance 
was faster and more accurate with high than with low imageable tar
gets), while hemodynamic response exhibited a Definition effect 
(greater imageability-related brain activity with high than with low 
imageable definitions). It should be noted that in the fMRI analysis, the 
IES values were used as a covariate, in order to control for the effect of 
the subjects’ performance on the brain activity results. 

Finally, for both targets and definitions, subjective ratings on the 
visual imageability questionnaire suggest that our intuitive categoriza
tion of each sentence within the four experimental conditions (HIT\HID, 
HIT\LID, LIT\HID, LIT\LID) is generally in agreement with the subjects’ 
own intuitive judgements. Furthermore, we found that subjective rat
ings at the visual imageability questionnaire significantly predict the 
beta values extracted from the left Fusiform Gyrus (but not those 
extracted from the homologous areas in the right hemisphere), also 
controlling for the condition effect (see Fig. 2B). This result supports the 
view that, for the activity of the Fusiform Gyrus in the left hemisphere 
(dominant for language), a linear increase was predicted by the 
imageability level of each definition, irrespective of the definition effect 
shown by our whole brain analysis. 

Taken together, our findings improve our understanding of visual 
imagery related processing during semantic processing, providing neu
ral correlates of (what can be regarded as) the visual imageability effect 
in an inferential task. 
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