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Abstract

Verb processing engages the left posterior lateral cortex (PLTC), encompassing also regions that respond to visual motion perception. Besides motion, those regions have been implicated in processing distinctions among entities such as animate vs. inanimate and first- vs. third-person (“third-person bias”). In two experiments, using functional magnetic resonance imaging (fMRI), we studied whether the implied subject (first/third-person) and/or the semantic content (motor/non-motor) of verbs modulates the neural response in left PLTC-regions responsive during basic- and biological-motion perception. In these sites, we found an overall preference for verbs over nouns. This activity was modulated by the person (but not the semantic content) of the verbs, with stronger response to third- than first-person verbs. The third-person bias supports a role of motion-processing regions in encoding information about the animate entity beyond (and independently from) motion, and sets in a new light the role of these regions in verb processing. 
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1. Introduction
The left posterior lateral temporal cortex (PLTC) is a brain territory particularly suitable to address relations between perception and conceptual representation. Nestled in this part of the brain are structures relevant for perception of visual motion (Beauchamp et al., 2002; Beckers & Homberg, 1992; Grossman et al., 2000; Watson et al., 1993) and for conceptual and language tasks (Damasio et al., 2001; Kable et al., 2002; Kemmerer et al., 2008; Martin & Chao, 2001; Watson et al., 2013). The functional boundaries among these regions remain debated.  
The study of verbs and nouns, two fundamental components of the human communication system, has revealed a general preference for verbs over nouns in the left PLTC. This effect has a “hot spot” in the posterior middle/superior aspect of the temporal gyrus (e.g. Bedny et al., 2008; Kable et al., 2002; Papeo et al., 2014; Peelen et al., 2012; Wallentin et al., 2011); in addition, verb-related activity has been shown to encompass the medial temporal area (MT; Saygin et al., 2010) and the posterior superior temporal sulcus (pSTS; Bedny et al., 2008; Deen & McCarthy, 2010), regions that are typically associated with visual perception of basic and biological motion, respectively. 

What, in a verb-stimulus, can drive the activity of motion-processing regions? 
One possibility is the “amount” of motion implied by the semantics of a verb, yielding higher activity for motor (i.e. motor actions) than non-motor meanings (Deen & McCarthy, 2010; McCullough et al., 2012; Saygin et al., 2010). However, this categorical distinction has not been found consistently across studies (Bedny et al., 2008; Humphreys et al., 2013). Of note is that verb-related activity has been reported for verbs presented in sentential context (i.e., inflected to agree with the sentential subject), but not when presented in isolation in their infinitive form (see Dravida, Saxe & Bedny, 2013). Considering these observations, we asked whether the subject –in addition to, or as opposed to the content– of the verb could contribute to drive verb-related effects in motion-processing regions. 
While motion is the input that drives the highest activity in MT and pSTS, both regions also respond to static stimuli; in particular, images of static objects that own the potential to move purposefully and do things (e.g., faces, bodies and body parts), trigger greater activity than inanimate objects (Beauchamp et al., 2002; Chao et al., 1999; Downing et al., 2001; Kanwisher et al., 1997; Kourtzi & Kanwisher, 2000; Pyles et al., 2007; Saxe et al., 2006). These effects suggest sensitivity to a broad distinction among entities, based on animacy (i.e., animate vs. inanimate entities). 
Besides the animate-inanimate distinction, self vs. others (or first- vs. third-person) perhaps represents the most general distinction among entities. Asymmetric response to first and third-person stimuli was first observed in the monkeys’ biological-motion STS region (Hietanen & Perrett 1996), and then replicated in humans (Allison et al., 2000; Chan, Peelen & Downing, 2004; Leube et al., 2003; Saxe et al., 2006). For instance, with an elegant perceptual illusion, Leube et al. (2003) showed that visually identical motion elicited greater pSTS activity when perceived as generated by another, than as self-generated. The third-person bias has been extended to nearby regions, specialized in visual analysis of bodies (Chan et al., 2004; Saxe et al., 2006). 
We used the third-person bias effect as a test to assess the sensitivity of left PLTC regions to the information about the entity (i.e., the person I vs. s/he) implied by verbs.
To be able to relate word-related effects to brain regions responsive to visual motion perception, we used functional magnetic resonance imaging (fMRI) and two functional localizer tasks, to define independently, and individually for each participant, (see Saxe, Brett & Kanwhiser, 2006), PLTC activity driven during visual perception of basic and biological visual motion. We then assessed the anatomical relationship of the so-defined visual-perception regions of interest (ROIs), with PLTC regions responsive to words, independently identified with a third functional localizer task. In Experiment 1, we sought to replicate the preference for verbs over nouns across the PLTC-ROIs. In Experiment 2, we tested whether the response to verbs in each ROI was modulated by the semantic content (motor vs. non-motor), and/or by the information about the subject implied by the verbs (first- vs. third-person).
2. Materials and Methods

2.1. Participants 

Participants were 18 healthy native-Italian speakers (eight females; 27-years old ± 10 SD), all right-handed, clear of contraindications to fMRI. The study was approved by the ethics committees of the University of Trento and Harvard University. Participants gave informed consent and were paid for participation. Three were excluded due to excessive head motion during the scanning session (>4 mm in x, y, or z direction). 
2.2. Procedures 
For each participant, the whole study was conducted in a single scanning session. In Experiment 1, three localizers were used to define individually ROIs within the left PLTC responsive to: 1) words (i.e., [nouns + verbs] vs. baseline), 2) biological motion (biological vs. scrambled motion) and 3) basic motion (moving vs. static dots). We used functional data from the first localizer, including both verbs and nouns, and tested the verb-noun distinction in each identified ROI. Note that, although we used the same data set for defining word-related ROIs ([verbs + nouns] vs. baseline) and for testing the verb-noun effect in those same ROIs (verbs vs. nouns), the contrasts were orthogonal, thus preventing circularity (Kriegeskorte et al., 2009). 

In Experiment 2, we studied the effect of semantic content (motor action vs. non-motor) and person (first vs. third) in each ROI. 
2.3. Experiment 1

Word Localizer. Participants were instructed to read, in a single run, 12 blocks of verbs and 12 blocks of nouns (7 items per block for a total of 84 Italian verbs and 84 Italian nouns, each presented for 1 s, with 1 s inter-trial interval, ITI), randomly intermingled, and separated by 14 s of fixation. Verbs were in their infinitive form (meditare, to wonder), and nouns were in their singular form, preceded by the appropriate article (la nuvola, the cloud). Verbs and nouns had concrete (50%) or abstract meaning and were matched for length, t(1,166)=1.38, P=0.16, and written frequency (Bertinetto et al., 2005), t(1,166)=1.76, P=0.08. The list of stimuli is available as Supplementary Information (see Supplementary Tables 1-2). The experiment began with an instruction screen (5 s) and 15 s of fixation, and ended with 15 s of fixation, for a total duration of 11.43 min. Words appeared in black font on a light-grey background.
Biological Motion Localizer. Participants watched blocks of white point-light displays on a black background, depicting human actions (6 blocks) or scrambled animations (6 blocks; see Lingnau & Petris, 2012). Experimental blocks (14 s each) were separated by 14 s of fixation. Each point-light display lasted 1.5 s and was followed by 0.5 s ITI. The experiment began and ended with a 14-s blank-period, and lasted 5.83 min. 
Basic Motion Localizer. The design was identical to the Biological Motion Localizer, except for the stimuli consisting of blocks of moving and static dots. Moving dots moved outwards along the radial axis at a speed of 4 degrees/s. 

2.4. Experiment 2
Participants were instructed to read attentively motor-action (hereafter, motor) and non-motor verbs presented in first- and third-person of the present tense. There were four runs of 5.25 min. Each run began with a 15 s fixation screen followed by 5 s instruction screen (“read attentively”), and included two blocks of 7 items (each item presented for 1 s + 1s ITI) for each of the four experimental conditions (for a total of 56 items per condition), and two blocks of meaningless letter strings. The very same motor and non-motor verbs were presented in first- (scrivo, I write) and third-person (scrive, s/he writes); however, in each run, an item could appear in one form only (either in first- or the third-person). Blocks were separated by 14 s of fixation. 
Each run terminated with a testing phase (1.4 min) in which participants had to decide by key-press (yes-or-no response), whether each of eight probe-verbs appeared during the immediately preceding run. For each participant, four of those items were randomly selected from the 56 presented in the prior run; the remaining four items were randomly selected among the items of the experimental list, and assigned to the other three runs. Participants were instructed to respond “yes” when the probe-item matched the form (first- or third-person) in which it had appeared in that run. This demand was meant to encourage participants to attend to both the verb’s suffix, defining the person of the verb, and the root-morpheme carrying information about a verb’s semantic content. 
Verbs of Experiment 2 were selected from a larger set in which each item had been classified by an independent panel (N=10), as action-related or stative and, for those verbs judged as action-related, as related to “upper limbs”, “lower limbs”, “head” or “whole body” (see Papeo et al., 2009). For the final set of motor verbs, we selected items that were judged as specifically related to manual actions, by at least 80% of the panel. Verbs across conditions were matched for written frequency (Bertinetto et al., 2005) and length (all Ps>0.05). The list of stimuli is available as Supplementary Information (see Supplementary Table 3).
Stimuli were back-projected onto a screen by a liquid crystal projector (frame rate: 60 Hz; screen resolution: 1024x768 pixels). Participants viewed the stimuli binocularly through a mirror above the head coil. The screen was visible as a rectangular aperture of 17.8x13.4°. Stimulus presentation, response collection and synchronization with the scanner relied on ASF (Schwarzbach, 2011) based on the MATLAB Psychtoolbox.
2.5. Functional magnetic resonance imaging data acquisition and analysis
Functional and structural data were collected on a 4 Tesla Bruker MedSpec scanner (Bruker BioSpin GmbH, Rheinstetten, Germany). Functional images were acquired using echo planar (EPI) T2*-weighted scans. We used 33 axial slices acquired in ascending interleaved order, which covered the whole cerebral cortex (repetition time (TR), 2250 ms; voxel resolution, 3x3x3 mm; echo time (TE), 30 ms; flip angle (FA), 76°; field of view (FoV); 192x192 mm; gap size, 0.45 mm). Structural images were acquired using magnetization-prepared rapid acquisition gradient echo (voxel resolution, 1x1x1 mm; FOV, 256 x 244 mm; TR, 2700 ms; inversion time, 1020 ms; FA, 7°), with generalized autocalibrating partially parallel acquisitions with an acceleration factor of 2.


fMRI data pre-processing and statistical analysis were performed with BrainVoyagerQX 2.2 (BrainInnovation, Maastricht, The Netherlands) and MATLAB (Mathworks Inc., Natick, MA). The first four volumes were discarded prior to image processing. Pre-processing included: spatial realignment and motion correction of the images using the first volume of the first run as reference; slice timing correction; removing of low-frequency drifts with a temporal high-pass filter (cutoff frequency 3 cycles per run); spatial smoothing with 8-mm FWHM Gaussian kernel; and transformation of data into Talairach space. 

For each experiment and participant, a general linear model (GLM) was created to model the conditions of interest as regressors. Six regressors of no interest were also included to model head-movement parameters obtained from the subject-specific realignment parameters. Periods of fixation served as baseline. All regressors were convolved with a standard hemodynamic response function. 
Based on data from the Word Localizer, we defined word-related activity in PLTC, using the contrast: [verbs + nouns] > baseline. Biological motion-responsive ROIs in PLTC were defined by contrasting intact > scrambled point-light displays shown in the Biological Motion Localizer. Motion-responsive ROIs were defined by the contrast moving > static dots presented in the Basic Motion Localizer. A threshold of P<0.001, uncorrected, was used to identify individual ROIs (no cluster-size threshold applied). If no active voxels were found, the threshold was lowered up to P<0.05. In participants for whom no active voxels were found at the most lenient threshold, ROIs were defined using the group-mean coordinates. Individual ROIs were created as spheres of 5-mm radius around the Talairach coordinates of the center of gravity (see Supplementary Tables 4-5 for individual coordinates). 
First, we assessed the noun-verb effects in the identified PLTC-ROIs, using data from the Word Localizer, which involved both nouns and verbs. Beta weights corresponding to verbs and nouns, extracted from each ROI separately for each participant, were entered in a repeated-measures ANOVA with factors ROIs and Word Class (nouns, verbs).
In Experiment 2, beta weights for the four conditions (first, third person; motor, non-motor) were extracted from each ROI and analyzed with a repeated-measures ANOVA with the factors ROI, Semantic Content (motor, non-motor) and Person (first, third) (α = 0.05), and the Bonferroni post-hoc test for multiple comparisons. 

3. Results
3.1. Experiment 1

Definition of ROIs (Figure 1). Word-related activity in the left PLTC was found in all 15 participants (Word Localizer). In 12 participants, activation was widespread, encompassing the posterior middle temporal gyrus (pMTG) and superior temporal gyrus (pSTG). In these participants, at a stringent threshold (P≤0.01), it was possible to identify two separate activity peaks; therefore, two ROIs were defined, one centered in pMTG, and the other, more superior, centered in pSTG. In the remaining three participants the activity was circumscribed either to the inferior (pMTG, two participants) or the superior region (pSTG, one participant), even at the most lenient threshold (P<0.05); the second ROI was therefore defined based on the group-average Talairach coordinates (pMTG: -51, -44, 3; pSTG: -52, -41, 13). 

Using the Biological Motion Localizer, we identified a cluster in the left pSTS, associated with biological motion perception in 13 participants (P≤0.01). In the remaining two participants, ROIs were defined according to the group-average coordinates (-49, -49, 9). Given their anatomical proximity, we calculated the percentage of voxels active in both biological motion and word processing (relative to the total number active voxels in both tasks; Kung et al., 2007) in each participant. This analysis revealed a modest overlap of biological motion-related activity with word-related pMTG activity, in only five participants (7.6% ±14 of overlapping voxels), and with word-related pSTG activity, in only three participants (2.9% ±6 of overlapping voxels). 
Using the Basic Motion Localizer, we identified a cluster in the left MT responsive during processing of basic motion in 14 participants (P≤0.01). The group-average coordinates (-45, -60, 5) were used to define this ROI in the remaining participant.
Verb-noun distinction in left PLTC-ROIs (Figure 2). The ANOVA assessing the effect of Word Class (verbs and nouns) in each of the four ROIs revealed a main effect of Word Class [F(1,14)=8.84, P=0.010], with higher activity for verbs than nouns across the four ROIs, and a main effect of ROI  [F(3,42)=12.86, p < ???], due to overall higher activations in pMTG and pSTG, relative to pSTS (Ps<0.05) and MT (Ps<0.001). No interaction between Word Class and ROI was found[ F(3,42)=0.75, P>0.1]. Post-hoc comparisons confirmed that the activity difference between verbs and nouns was significant in each ROI (Ps<0.01). 

We point out that the verb-noun effect was found in pSTS and MT, despite the fact that those regions were not reliably identified with the Word Localizer, contrarily to pMTG and pSTG. As described above, while word-related activity in the left PLTC was quite widespread at the most lenient threshold (P≤0.05), word-related ROIs were defined around the coordinates of the strongest activity, which fell in pMTG and pSTG. This implies that, although encompassed by the effect, pSTS and MT were outside the peak of word-related activity in PLTC. This observation is consistent with the weaker neural response to words in pSTS and MT, relative to pMTG and pSTG, reflected in the above main effect of ROI (see also Figure 2), and reported in previous studies (see Bedny et al., 2008; Dravida et al., 2013; Humphreys et al., 2013). 
3.2. Experiment 2

Effects of Semantic Content and Person in left PLTC-ROIs (Figure 3). The ANOVA testing the effect of Semantic Content (motor, non-motor) and Person (first, third) in each ROI revealed an effect of ROI [F(3,42)=8.29, P=0.0001],whereby overall activity was stronger in pMTG and pSTG in comparison to pSTS and MT, and an effect of Person [F(1,14)=6.89, P=0.020], with stronger activity for third- than for first-person verbs. The ROI by Semantic Content interaction was significant[F(3,42)=3.3712, P=0.027]. This interaction was driven by a different trend in pSTG (stronger response to non-motor than motor verbs), and in MT (stronger response to motor than non-motor). Bonferroni- corrected post-hoc comparisons showed the trend “non-motor > motor” in pSTG (P=0.057), but not in the other ROIs (Ps>0.1). Finally, the interaction between ROI and Person approached significance [F(3, 42)=2.80, P=0.051]. The effect of Person was significant in the regions responsive to biological motion (pSTS, P=0.003) and motion (MT, P=0.004), but it was not in pMTG and pSTG (all Ps>0.1).
In sum, the four ROIs showed qualitatively different response profiles: pMTG activity was not modulated by semantic content or by person, pSTG showed a stronger response to non-motor than to motor words, but responded equally to verbs in first- and in third-person; finally, both pSTS and MT responded more strongly to verbs presented in third- than in first-person, but showed no reliable difference between motor and non-motor verbs.

3.3. Additional ROIs

The current study focuses on verb-related activity in the left PLTC. However, word-related activity was also found, consistently across participants, in two left frontal sites: the inferior frontal gyrus (IFG, in 13 participants, group-average coordinates: -50, 5, 12) and the precentral gyrus (PCG, in 15 participants, group-average coordinates: -44, -9, 40). While both regions have been implicated in verb processing (see Vigliocco et al., 2011), our statistical tests revealed only a trend toward higher activity for verbs than nouns in both regions (IFG: F(1,14)=4.02, P=0.06, uncorrected; PCG: F(1,14)=4.27, P=0.057; uncorrected). Such a faint effect is likely to be due to the word-localizer task involving no morphosyntactic demand and verbs in their infinitive uninflected form (see Longe et al., 2007; Peelen et al., 2012). In fact, left frontal regions have been more reliably related to morphosyntactic analysis (Shapiro et al., 2005; 2006), and their verb-preference, interpreted as reflection of more demanding morphosyntactic processing for verbs than nouns (Vigliocco et al., 2011).

 
Finally, and predictably, the processing of biological and basic motion (in the biological motion and basic motion localizer tasks) activated the right pSTS (group-average coordinates: 42, -53, 7) and right MT (group-average coordinates: 44, -63, 0). Analogously to the left pSTS, the right homologue revealed a main effect of Word Class, with higher activity for verbs than for nouns, F(1,14)=9.87, P<0.01, uncorrected. The analysis of the effects of Semantic Content and Person in this ROI revealed a trend for a stronger response to third- than to first-person verbs, F(1,14)=4.78, P=0.04, uncorrected; but no interaction between Semantic Content (motor, non-motor) and Person, F(1,14)=0.10, P>0.1. As for the right MT, no activity difference between verbs and nouns was found, F(1,14)=0.75, P>0.1. Moreover, neither the effect of Semantic Content, F(1,14)=0.36, P>0.1, nor the effect of Person, F(1,14)=0.001, P>0.1, were significant in this ROI.
4. Discussion

In the current study, we identified four verb-preferring regions within the left PLTC, independently defined during word processing (pMTG and pSTG), visual perception of basic motion (MT) and of biological motion (pSTS). Within these regions, we investigated the sensitivity to two features of our verb-stimuli: the Semantic Content (motor/non-motor) and the Person (first/third). We found that: 1) none of those verb-preferring activations were modulated by the relatedness of the verb content to motor actions; and 2) the two visual motion-responsive ROIs (pSTS and MT) previously implicated in verb processing were susceptible to the effect of the Person (first/third) implied by a verb. Generally, the current results suggest that the apparently pervasive and homogeneous preference for verbs in the left PLTC conceals a division of labor, whereby different parts of PLTC are involved in processing different features of a verb. Below, we discuss this observation in detail. 
4.1. pMTG and pSTG

pMTG and pSTG were identified as the PLTC regions with the strongest neural response to words. They both showed relatively higher activity for verbs than nouns (Experiment 1), with no difference between motor and non-motor meanings, in pMTG, and a trend for higher response to non-motor verbs in pSTG (Experiment 2). 
We emphasize that, in Experiment 2, the lack of a consistent effect of semantic content (motor/more concrete vs. non-motor/more abstract) across ROIs holds that the verb preference found in Experiment 1 truly reflected a grammatical-class effect, and was not driven by unbalanced concreteness/abstractness between verbs and nouns used in the word localizer task. In that task, although we matched the number of items with concrete and abstract meaning, according to the criterion of the linguistic tradition, the abstractness/concreteness of verbs and nouns was not quantified. 

The response profiles of pMTG and pSTG reported here are in line with a number of neuroimaging studies, where verb-related activity in pMTG was found to be comparable for items with and without motor content (Bedny et al., 2008; Peelen et al., 2012; see Papeo et al., 2014 for evidence from TMS), and a stronger response to non-motor in comparison to motor verbs was found in pSTG  (Bedny et al., 2008; Peelen et al., 2012; see also Grossman et al., 2002; Rodriguez-Ferreiro et al., 2011). 
This line of research has suggested that pMTG activity captures a general distinction between nouns and verbs, which might correspond to the semantic distinction between entities denoted by nouns and event structures defined by verbs (see Hernández et al., 2014). 
It is less clear how to interpret the higher response to non-motor (or more abstract) than to motor (or concrete) verbs in pSTG. Hypothetically, it could reflect the greater conceptual complexity of cognitive-state verbs (typically included in the “non-motor” set), also evident in infants’ learning (Papafragau, Cassidy & Gleitman, 2007); or the fact that more senses compete when encoding more abstract terms (Tokowicz & Kroll, 2007). One might also conjecture that increased pSTG activity for non-motor verbs has something to do with Theory of Mind (TOM) contents, certainly more represented in the non-motor than in the motor list of verbs. The pSTG-ROI defined in the current study is nearby the temporo-parietal junction, consistently associated with TOM (e.g. Saxe & Kanwisher, 2003). Lacking a functional localizer for this cognitive processing, we cannot make any strong claim with this respect. The difference non-motor > motor (or abstract > concrete) captured in pSTG is an interesting issue for further investigation.
We also remark that our evaluation of semantic content effects is limited to the categorical distinction between manual-motor actions and non-motor (stative, cognitive) verbs. Whether PLTC is sensitive to other semantic distinctions remains an empirical question for further investigation.   

As a final note, we observed a trend for higher activity for verbs than nouns in two other regions consistently recruited, in individual subjects, during word processing: the left inferior frontal gyrus (IFG) and precentral gyrus (PCG). Left frontal regions have been reliably related to morphosyntactic analysis (Shapiro et al., 2005; 2006), which is typically more demanding for verbs than for nouns (Vigliocco et al., 2011). Therefore, the weak verb-preference reported is likely to depend on the only marginal involvement of morphosyntactic processing in the current task setting. 

4.2. pSTS and MT

The verb-preference in the left PLTC extends to motion-responsive regions, although these sites fell outside the PLTC site showing the strongest response to words (and no response to visual motion). Verb-related activity has been previously reported in motion-processing regions (Deen & McCarthy, 2010; McCullough et al., 2012; Saygin et al., 2010), but these effects could not be reliably related to the “amount” of motion implied by the verb content (Bedny et al., 2008; Dravida et al., 2013). 
We have emphasized two observations from the current literature. First, “motion-responsive” PLTC regions do not require actual motion to be activated, as they also respond to static stimuli (e.g., Beauchamp et al., 2002; Kourtzi & Kanwisher, 2000). Second, these responses are driven by objects owning the potential to move purposefully and do things (i.e., animate stimuli; Downing et al., 2001; Kanwisher et al., 1997; Saxe et al., 2006). Besides the animate-inanimate distinction, pSTS has been proven sensitive to another general distinction among entities, self vs. others, reflected in a differential response to first- vs. third-person visual stimuli (i.e., images or video-clips of bodies/body-parts; Chan et al., 2004; Leube et al., 2003; Saxe et al., 2006; see also Allison et al., 2000; Peelen & Downing, 2007). In particular, these effects are characterized by a third-person bias, i.e. stronger response to third- than to first-person related stimuli.
Verbs generally implicate an entity that does the thing described by the verb (e.g., giving, coughing, thinking, loving, etc.). Starting from the broad distinction between first- and third-person, we investigated whether the subject of the verb plays a role in the verb-related effects reported in motion-processing regions of the left PLTC. For the first time, we reported a first/third person effect (i.e., third-person bias) in pSTS and MT, driven by word-stimuli and irrespective of whether the verbs described motion or not. 

We remark that verbs were identical across first- and third-person conditions, except for the last phoneme, the suffix, marking the person (scriv-o, I write; scriv-e, he writes). The close matching of stimuli across first- and third-person conditions makes it unlikely that the Person effect reflected a bias at the stimulus- or task-level.

Can the Person effect reflect visuo-spatial imagery? We consider this explanation possible but unlikely. In fact, imagery is engaged most likely to solve tasks that explicitly drive attention toward the perceptual features of the stimuli (see Machery, 2007; O’Craven et al., 1997), and more for concrete than abstract contents; moreover, it engages the right hemisphere more strongly than the left one (Harris et al., 2000; Tomasino & Rumiati, 2004). Instead, our task was quite shallow with respect to the analysis of sensory-motor components of the verbs; moreover, the Person effect was comparable for concrete and abstract contents and was statistically weaker (in pSTS) or absent (in MT) in the right ROIs, relative to the left ROIs. This hemispheric asymmetry is rather compatible with the left-lateralized network for processing verbal material. 
In general, the third-person bias in pSTS, but also in the extrastriate body area (EBA), is interpreted as an indication that these regions are attuned to the perception of others, perhaps as an input to higher-level social cognition (Allison et al., 2000; Chan et al., 2001; Saxe et al., 2006). We shall note that this effect has not been reported in MT before. The susceptibility of this region to the Person effect may reflect the influence of the adjacent and strongly connected EBA, recognized as one source of tuning for animacy stimuli in general, and third-person (or others’) representation in particular (see Peelen & Downing, 2007).    
The Person effect, and the lack of Semantic Content effect, suggests that the recruitment of pSTS and MT in verb processing is tied to the processing of the subject, rather than of the meaning of the verb. The effect of Person could be framed amongst other categorical distinctions (e.g., bodies vs. objects in MT; Chan et al., 2004; Saxe et al., 2006; humans vs. other creatures in pSTS; Kaiser et al., 2012; Pyles et al., 2007), signaling sensitivity of these brain sites to information about the animate entity beyond (and independently from) motion. Importantly, cross-linguistic and social psychology research (Gray, Gray, & Wegner, 2010; Grewe et al., 2007) has highlighted that, just like words denoting animate livings (i.e., humans and animals), pronouns such as “I” and “s/he”, as implied by our stimuli, naturally convey the highest animacy content, and can therefore drive animacy processing. 

To follow up the current study, it might be asked whether the specific third-person > first-person asymmetry is tied to the modality (here, visual), in which stimuli were presented. One might reason that, when the same stimuli are presented acoustically (i.e. the participant hears a speaker saying “scrive”, I write), the first-person would be identified with the speaker, i.e. a psychological third-person, thus abolishing the first-third person asymmetry reported here. Similar manipulations could contribute to further explore the involvement of the current ROIs in encoding information about the subject that a given representation or proposition refers to.
4.3. Relation with previous studies

Our finding sets in a new light the verb-related activity found in pSTS and MT, suggesting that this effect is not driven by the content of the verb so much as by the implied subject. In line with this account, we note that previous studies, which successfully found verb-related activity in pSTS (Deen & McCarthy, 2010) and MT (Saygin et al., 2010), presented verbs in full sentential contexts (see also Dravida et al., 2013). In those studies, the effect was characterized by higher activity for sentences with motor (vs. non-motor) verbs. The results of the current study raise the question of whether the selection of the subjects of those sentences might have contributed to the effect. In other words, it is possible that, in order to vehicle information about motion, “motion” sentences included not only motor verbs, but also subjects with higher animacy than the subjects of “non-motion” sentences. 
Examples of sentences in the motion-condition used by Saygin et al. (2010) included: The deer jumped over the brook; I drove from Modesto to Fresno; The delivery trucks hurry across the Green Valley; and The sports car went from Del Mar to La Jolla Shores. Fictive-motion sentences included: The bridge jumped over the brook; The highway runs from Modesto to Fresno; The train tracks hurry across the Green Valley; and The bike trail went from Del Mar to La Jolla Shores. Finally, static sentences included: The deer slept next to the brook; Modesto and Fresno are in California; Marshes occupy part of the Green Valley; and The sports car was parked in the center of Del Mar. The highest MT activity was found in the motion-condition, which involved motor-verbs (but also the fictive-motion condition did), as well as animacy stimuli (the deer, I) or inanimate entities (the sport car, the delivery truck) that, if moving, imply an animate entity (see Han et al., 2013). Animate entities appear more sporadically (i.e., once: the deer) in the representative examples from the two conditions associated with lower MT activity. 
This consideration is only tentative, as we lack knowledge of the full stimulus-sets used in those studies. However, our line of thinking is further encouraged by the circumstance that studies where verb-effects were not found in pSTS or MT, used animate entities (humans and animals) as subjects across motion and non-motion sentences (Dravida et al., 2013), or took care of the effect of animacy in the experimental design, matching motion and non-motion sentences for type of subject (humans and objects; Humphreys et al., 2013). 
5. Conclusions

In the current study, we have begun to unpack the apparently monolithic preference for verbs observed in a large part of the left PLTC. Our findings bring support to the hypothesis that the left PLTC houses structures representing general information that applies to all verbs and intrinsically distinguishes them from other word-classes (in pMTG/STG). Moreover, verbs most often implicate a subject, i.e. an entity with various levels of animacy that can, more or less purposefully, do things. We provide a first indication that this component of a verb representation modulates the neural response in regions that are specialized to detect cues of animacy, including but not limited to visual motion. This component, expressed by the subject of the verb and, sometimes, intrinsic to the verb’s semantics (consider the verbs to moo, the typical act of cows, to dream a typically human activity, and to rain, something that humans and other animals cannot do) needs to be considered in experimental designs aiming at accounting for verb-related activity in the brain.  

Figure caption

Figure 1. Coronal slices from: A) three subjects from the Word-localizer, showing the position of the left posterior middle/superior temporal gyrus regions responsive to words [(verbs + nouns) > baseline]; B) three subjects from the Biological-motion localizer, showing the position of the left posterior superior temporal sulcus region responsive to visual biological motion; C) three subjects from the Basic-motion localizer, showing the position of the left medial temporal area responsive to visual basic motion. 
Figure 2. Beta weights for verbs and nouns (Experiment 1), extracted from ROIs individually defined on the basis of separate functional localizers (Word-localizer, Biological-motion localizer, Basic-motion localizer). pMTG and pSTG = posterior middle and superior temporal gyrus, respectively; pSTS = posterior superior temporal sulcus; MT = medial temporal area. Error bars denote within-subject standard errors of the mean (Cousineau, 2005).
Figure 3. Beta weights for first- and third-person, motor and non-motor verbs (Experiment 2), extracted from ROIs, individually defined on the basis of the three separate functional localizers. pMTG and pSTG = posterior middle and superior temporal gyrus, respectively; pSTS = posterior superior temporal sulcus; MT = medial temporal area. Error bars denote within-subject standard errors of the mean (Cousineau, 2005). 
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� It should be noted that there is a quite regular physical difference between the two conditions, as all first-person items end in –o (e.g., scrivo, I write, desidero, I desire) and all third-person end in either –a (e.g., desidera, he desires) or –e (e.g., scrive, he writes). However, this factor could only play a role in first-third person differential activity if a participant focuses exclusively on the words’ endings -o, -e, -a, neglecting the root-morphemes scriv- desider- and so on. If, instead, the participant processes the whole word, the physical resemblance across items is only marginal relative to their physical variability. That our participants complied with our instruction to read the whole word in order to perform the recognition tests is unambiguously supported by the effect of the verbs’ semantics, captured in pSTG activity. Since the verbs’ semantics is carried by the root-morphemes and not by the suffix, no semantic effect would have been found anywhere in the brain, if participants systematically ignored the first part of the verbs. 
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