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Abstract 
Models of human cortex propose the existence of neuroanatomical pathways specialised for 
different behavioural functions. These pathways include a ventral pathway for object 
recognition, a dorsal pathway for performing visually guided physical actions and a recently 
proposed third pathway for social perception. In the current study we tested the hypothesis 
that different categories of moving stimuli are differentially processed across the dorsal and 
third pathways according to their behavioural implications. Human participants (N=30) were 
scanned with functional magnetic resonance imaging (fMRI) while viewing moving and static 
stimuli from five categories (faces, bodies, scenes, objects, and scrambled objects). Whole 
brain group analyses showed that moving bodies and moving objects increased neural 
responses in bilateral V5/MT+ and intraparietal sulcus (IPS), parts of the dorsal pathway. In 
addition, moving faces and moving bodies increased neural responses in bilateral V5/MT+ 
and the right posterior superior temporal sulcus (rpSTS), parts of the third pathway. This 
pattern of results was also supported by a separate region of interest (ROI) analysis showing 
that moving stimuli produced more robust neural responses for all visual object categories, 
particularly in lateral and dorsal brain areas. Our results suggest that dynamic naturalistic 
stimuli from different categories are routed along specific visual pathways that process their 
unique behavioural implications. 
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Introduction 

Explaining the neural processes that enable humans to perceive, understand and interact 

with the people, places, and objects we encounter in the world is a fundamental aim of 

visual neuroscience. An experimentally rich theoretical approach in pursuit of this goal has 

been to show that dissociable cognitive functions are performed in anatomically segregated 

cortical pathways. For example, influential models of the visual cortex propose it contains 

two functionally distinct pathways:. A ventral pathway specialised for visual object 

recognition, and a dorsal pathway specialised for performing visually guided physical actions 

(Kravitz et al., 2011; Kravitz et al., 2013; Milner & Goodale, 1995; Ungerleider & Mishkin, 

1982). Despite the influence of these models, neither can account for the neural processes 

that underpin human social interaction. Social interactions are predicated on visually 

analysing and understanding the actions of others and responding appropriately. One region 

of the brain in particular, the superior temporal sulcus (STS), computes the sensory 

information that facilitates these processes (Allison et al., 2000; Kilner, 2011; Perrett et al., 

1992). We recently proposed the existence of a visual pathway specialised for social 

perception (Pitcher & Ungerleider, 2021). This pathway projects from the primary visual 

cortex into the STS, via the motion-selective area V5/MT (Watson et al., 1993). The aim of 

the current study was to test a prediction of our model by contrasting the response to 

moving and static visual stimuli across the proposed three visual pathways. Specifically, we 

predicted moving biological stimuli (e.g., faces and bodies) are preferentially processed 

along a dedicated neural pathway that includes V5/MT and the STS, compared to moving 

stimuli of non-biological categories. 
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The STS selectively responds to moving biological stimuli (e.g., faces and bodies) and 

computes the visual social cues that help us understand and interpret the actions of other 

people. These include facial expressions (Phillips et al., 1997; Sliwinska, Elson, et al., 2020), 

eye gaze (Campbell et al., 1990; Pourtois et al., 2004; Puce et al., 1998), body movements 

(Beauchamp et al., 2003; Grossman & Blake, 2002) and the audio-visual integration of 

speech (Beauchamp et al., 2010; Calvert et al., 1997). However, the connectivity between 

early visual cortex and the STS remains poorly characterised. This led some researchers to 

view the STS as an extension of the ventral pathway, rather than as a functionally and 

anatomically independent pathway in its own right. For example, models of face processing 

propose that all facial aspects (e.g., identity and expression recognition) are processed using 

the same early visual mechanisms (Bruce & Young, 1986; Calder & Young, 2005; Haxby et al., 

2000; Pitcher, Walsh, et al., 2011) before diverging at higher levels of processing, rather than 

as dissociable processes that begin in early visual cortex. Contrary to this view, alternate 

models propose that dynamic facial information is preferentially processed in a dissociable 

cortical pathway that projects from early visual cortex, via the motion-selective area V5/MT 

directly into the STS (Duchaine & Yovel, 2015; LaBar et al., 2003; O'Toole et al., 2002; Pitcher 

et al., 2014). This is consistent with our model of the third visual pathway which predicts 

that moving faces and bodies will selectively evoke neural activity in a pathway projecting 

from V1 to the STS, via V5/MT as shown in Figure 1 (Pitcher & Ungerleider, 2021). 
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Figure 1. The three visual pathways (Pitcher & Ungerleider, 2021). The ventral pathway 
projects from V1 via ventral V4 into the inferior temporal (IT) and anterior inferior 
temporal cortex. The dorsal pathway projects from V1 to V5/MT into the posterior parietal 
cortex (PPC) and then to the motor cortex. The third visual pathway for social perception 
projects from V1 to V5/MT and then to the posterior STS (pSTS). 
 

 

The cognitive and behavioural functions performed in a particular brain area can be deduced 

(at least partially) by the anatomical connectivity of that area (Boussaoud et al., 1990; 

Desimone & Ungerleider, 1986; Kravitz et al., 2011; Kravitz et al., 2013; Ungerleider & 

Desimone, 1986). This approach leads to hierarchical models that dissociate cognitive 

functions based on behavioural goals (e.g., visually recognising a friend, or reaching to shake 

their hand, or interpreting their mood). An alternate conceptual approach for studying the 

cognitive functionality of the brain has been to take a modular approach (Fodor, 1983). 

Modularity favours the view that cortex contains discrete cortical patches that respond to 

specific visual characteristics such as motion (Watson et al., 1993), or to stimulus categories 

including objects (Malach et al., 1995), faces (Kanwisher et al., 1997), scenes (Epstein & 

Kanwisher, 1998) and bodies (Downing et al., 2001). While there has sometimes been an 
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inherent tension between anatomical and modular models of cortical organisation (Hein & 

Knight, 2008; Kanwisher, 2010), it has also been argued that different conceptual and 

methodical approaches can reveal cortical functionality at different levels of understanding 

(de Haan & Cowey, 2011; Grill-Spector & Malach, 2004; Walsh & Butler, 1996).  

 

The aim of the present study was to measure the neural responses at both the hierarchical 

and modular level by manipulating the visual stimuli on two dimensions; moving versus 

static stimuli, or the object category of the stimuli (faces, bodies, scenes, and objects). 

Participants were scanned using functional magnetic resonance imaging (fMRI) while 

viewing 3-second videos or static images taken from the videos. The visual categories 

included were faces, bodies, objects, scenes, and scrambled objects (Figure 2). This set of 

stimuli can be used to identify a series of category-selective areas across the brain that 

include face areas (Haxby et al., 2000), body areas (Peelen & Downing, 2007), scene areas 

(Epstein, 2008) and object areas (Malach et al., 1995). We have previously used this design 

to functionally dissociate the neural response across face areas (Pitcher, Dilks, et al., 2011; 

Pitcher et al., 2014) and across the lateral and ventral surfaces of the occipitotemporal 

cortex (Pitcher et al., 2019). However, these prior studies lacked the necessary experimental 

conditions and the whole brain coverage to systematically compare the response to motion 

and visual category across the entire brain. The present study systematically compares the 

responses to different moving and static stimulus categories across the whole brain, as well 

as in targeted region-of-interest analyses. This provides detailed insights into how 

dynamically presented visual categories are routed along the three visual pathways.  

 

Materials and Methods 
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Participants 

A total of thirty participants (20 females; age range 18 to 48 years old; mean age 23 years) 

with normal, or corrected-to-normal, vision gave informed consent as directed by the Ethics 

committee at the University of York. Data from 24 participants was collected for a previous 

fMRI experiment (Nikel et al., 2022) and re-analysed for the current study. 

 

Stimuli  

Dynamic stimuli were 3-second movie clips of faces, bodies, scenes, objects and scrambled 

objects designed to localise the category-selective brain areas of interest (Pitcher, Dilks, et 

al., 2011). There were sixty movie clips for each category in which distinct exemplars 

appeared multiple times. Movies of faces and bodies were filmed on a black background, 

and framed close-up to reveal only the faces or bodies of 7 children as they danced or played 

with toys or adults (who were out of frame). Fifteen different locations were used for the 

scene stimuli which were mostly pastoral scenes shot from a car window while driving slowly 

through leafy suburbs, along with some other films taken while flying through canyons or 

walking through tunnels that were included for variety. Fifteen different moving objects 

were selected that minimised any suggestion of animacy of the object itself or of a hidden 

actor pushing the object (these included mobiles, windup toys, toy planes and tractors, balls 

rolling down sloped inclines). Scrambled objects were constructed by dividing each object 

movie clip into a 15 by 15 box grid and spatially rearranging the location of each of the 

resulting movie frames. Within each block, stimuli were randomly selected from within the 

entire set for that stimulus category (faces, bodies, scenes, objects, scrambled objects). This 

meant that the same actor, scene or object could appear within the same block but given 

the number of stimuli this did not occur regularly. 
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Static stimuli were identical in design to the dynamic stimuli except that in place of each 3-

second movie we presented three different still images taken from the beginning, middle 

and end of the corresponding movie clip.  Each image was presented for one second with no 

ISI, to equate the total presentation time with the corresponding dynamic movie clip (Figure 

2). This same stimulus set has been used in our prior fMRI studies of category-selective areas 

(Handwerker et al., 2020; Sliwinska et al., 2022). 

 

 

Figure 2. Examples of the static images taken from the 3-second movie clips depicting 
faces, bodies, scenes, objects, and scrambled objects. Still images taken from the 
beginning, middle and end of the corresponding movie clip. 
 

Procedure and Data Acquisition 

Functional data were acquired over 8 blocked-design functional runs lasting 234 seconds 

each. Each functional run contained three 18-second rest blocks, at the beginning, middle, 

and end of the run, during which a series of six uniform colour fields were presented for 

three seconds. Participants were instructed to watch the movies and static images but were 

not asked to perform any overt task. 
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Functional runs presented either movie clips (four dynamic runs) or sets of static images 

taken from the same movies (four static runs). For the dynamic runs, each 18-second block 

contained six 3-second movie clips from that category. For the static runs, each 18-second 

block contained 18 one-second still snapshots, composed of six triplets of snapshots taken at 

one second intervals from the same movie clip. Dynamic / static runs were run in the 

following order: 2 dynamic, 2 static, 2 dynamic, 2 static. 

 

Imaging data were acquired using a 3T Siemens Magnetom Prisma MRI scanner (Siemens 

Healthcare, Erlangen, Germany) at the University of York. Functional images were acquired 

with a twenty-channel phased array head coil and a gradient-echo EPI sequence (38 

interleaved slices, repetition time (TR) = 3 sec, echo time (TE) = 30ms, flip angle = 90°; voxel 

size 3mm isotropic; matrix size = 128 x 128) providing whole brain coverage. Slices were 

aligned with the anterior to posterior commissure line. Structural images were acquired 

using the same head coil and a high-resolution T-1 weighted 3D fast spoiled gradient (SPGR) 

sequence (176 interleaved slices, repetition time (TR) = 7.8 sec, echo time (TE) = 3ms, flip 

angle = 20°; voxel size 1mm isotropic; matrix size = 256 x 256). 

 

Data and Materials Availability 

Data for all participants is available on requests.  The whole brain group activation maps 

used in generate the images in Figures 3, 4 and 5 are available at https://osf.io/3w4ps/ 

 

Imaging Analysis 
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Functional MRI data were analysed using AFNI (http://afni.nimh.nih.gov/afni). Images were 

slice-time corrected and realigned to the third volume of the first functional run and to the 

corresponding anatomical scan. All data were motion corrected and any TRs in which a 

participant moved more than 0.3mm in relation to the previous TR were discarded from 

further analysis. The volume-registered data were spatially smoothed with a 4-mm full-

width-half-maximum Gaussian kernel. Signal intensity was normalised to the mean signal 

value within each run and multiplied by 100 so that the data represented percent signal 

change from the mean signal value before analysis.  

 

Data from all runs were entered into a general linear model (GLM) by convolving the 

standard hemodynamic response function with the regressors of interest (faces, bodies, 

scenes, objects, and scrambled objects) for dynamic and static functional runs. Regressors of 

no interest (e.g., 6 head movement parameters obtained during volume registration and 

AFNI’s baseline estimates) were also included in the GLM. Data from all thirty participants 

were entered into a group whole brain analysis. Group whole brain contrasts were 

generated to quantify the neural responses across three experimental conditions (see results 

section). Activation maps were calculated using a t-statistical threshold of p = 0.001 and a 

cluster correction of 50 contiguous voxels. For display purposes, volumetric whole brain 

maps were projected onto a flat cortical surface using SUMA 

(https://afni.nimh.nih.gov/Suma). 

 

Data for all participants were also individually analysed to localise the regions of interest 

(ROIs) using data collected in the four dynamic runs. Category selective ROIs were identified 

by generating significance maps of the brain using an uncorrected statistical threshold of p = 
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0.001. Face-selective ROIs were identified for each participant using a contrast of greater 

activation evoked by faces than by objects. Body-selective ROIs were identified for each 

participant using a contrast of greater activation evoked by bodies than by objects. Object-

selective ROIs were identified for each participant using a contrast of greater activation 

evoked by objects than by scrambled objects. Scene-selective ROIs were identified for each 

participant using a contrast of greater activation evoked by scenes than by objects. 

 

Results 

Group Whole Brain Analysis: Moving > Static within category 

Data from all thirty participants were entered into a group whole brain ANOVA to generate 

the contrasts of interest. The first analysis established the neural differences between 

moving and static stimuli using the following contrasts: moving faces > static faces; moving 

bodies > static bodies; moving objects > static objects; moving scenes > static scenes (Figure 

3). Results were consistent with the predicted differential responses across the three visual 

pathways. All contrasts generated clusters beginning in early visual cortex and extending 

into V5/MT+ as defined by probabilistic maps for combining functional imaging data with 

cytoarchitectonic maps (Eickhoff et al., 2005). This was to be expected as the moving stimuli 

generated more visual energy than static stimuli resulting in greater activation across early 

visual areas (Snowden et al., 1991). 

 

Dissociations between different object categories were revealed in higher visual areas. 

Moving faces greater than static faces resulted in clusters in the right posterior STS (in the 

third pathway), but not in the fusiform gyrus (in the ventral pathway). Moving bodies greater 

than static bodies resulted in clusters in the right posterior STS (in the third pathway) and 
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the bilateral intraparietal sulcus (IPS) (in the dorsal pathway). This right lateralized response 

to faces in the STS is consistent with our prior TMS evidence (Sliwinska & Pitcher, 2018). The 

large contiguous region encompassing V5/MT+ also extended into the expected location of 

the extrastriate body area (EBA) bilaterally. This is consistent with studies showing the two 

areas spatially overlap (Downing et al., 2007). Moving objects greater than static objects 

resulted in clusters in the bilateral IPS (in the dorsal pathway). Similar to the bodies contrast, 

the large contiguous region encompassing V5/MT+ also extended into the expected location 

of the lateral occipital cortex (LO) bilaterally. The moving scenes greater than static scenes 

contrast did not produce any significant clusters in the parahippocampal gyrus (part of the 

ventral pathway). 

 

 

Figure 3. Results of the group whole brain contrasts showing moving greater than static 
neural activity for each visual category (faces, bodies, objects, and scenes). The moving > 
static faces and moving > static bodies contrasts produced clusters in the posterior STS, 
part of the third visual pathway. The moving > static bodies and moving > static objects 
contrasts produced clusters in the bilateral IPS, part of the dorsal visual pathway. None of 
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the contrasts yielded significant clusters in the ventral pathway. Maps generated using a t-
statistical threshold of p = 0.001 and a cluster correction of 50 contiguous voxels. 
 

Group Whole Brain Analysis: Moving stimuli between categories 

The second analysis investigated the category-selective neural responses to the four 

different visual stimulus categories (faces, bodies, objects, and scenes) using moving stimuli. 

Group whole brain contrasts were calculated for faces (moving faces > moving objects), 

bodies (moving bodies > moving objects), objects (moving objects > moving scrambled 

objects) and scenes (moving scenes > moving objects) (Figure 4). Results were partially 

consistent with prior fMRI studies of high-level category-selective visual areas. Moving faces 

> moving objects produced a cluster in the right pSTS. Notably, this analysis did not reveal 

face-selective regions in the ventral stream, such as the fusiform face area (FFA), presumably 

due to inter-individual variation in the anatomical location of the region. These regions were, 

however, robustly identified in a participant-specific region-on-interest analysis (see below). 

Moving bodies > moving objects produced a cluster in the bilateral EBA. Moving objects > 

moving scrambled objects produced a cluster in the bilateral LO and bilateral IPS. Moving 

scenes > moving objects produced a cluster in the bilateral parahippocampal place area 

(PPA). All four contrasts also produced significant clusters in early visual cortex, a result 

consistent with prior studies showing greater visual motion produces greater neural activity 

in the primary visual cortex (Snowden et al., 1991). 
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Figure 4. Results of the group whole brain contrasts showing category-selective areas 
identified using moving stimuli. Moving faces > moving objects produced a significant 
cluster in the right pSTS. Moving bodies > moving objects produced significant clusters in 
the bilateral EBA. Moving objects > moving scrambled objects produced a significant 
cluster in the bilateral LO and IPS. Moving scenes > moving objects produced significant 
clusters in the bilateral PPA. None of the contrasts yielded significant clusters in the 
ventral pathway. Maps generated using a t-statistical threshold of p = 0.001 and a cluster 
correction of 50 contiguous voxels. 
 

 

Group Whole Brain Analysis: Static stimuli between categories 

The third analysis investigated the category-selective neural responses to the four different 

visual stimulus categories (faces, bodies, objects, and scenes) using static stimuli. Group 

whole brain contrasts were calculated for faces (static faces > static objects), bodies (static 

bodies > static objects), objects (static objects > static scrambled objects) and scenes (static 

scenes > static objects) (Figure 5). Results were partially consistent with prior fMRI studies of 

high-level category-selective visual areas. Static faces > static objects produced no significant 

clusters, but face-selective clusters were again reliably localised in a participant-specific 
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region-of-interest analysis (see below). Static bodies > static objects produced clusters in the 

bilateral EBA, right pSTS and bilateral IPS. Static objects > static scrambled objects produced 

clusters in the bilateral LO. Static scenes > static objects produced clusters in the bilateral 

PPA. A detailed comparison of the regions identified with moving and static stimuli is 

provided in the following region-of-interest analysis. 

 

 

Figure 5. Results of the group whole brain contrasts showing category-selective areas 
identified using static stimuli. Static faces > static objects produced no significant clusters. 
Static bodies > static objects produced significant clusters in the bilateral EBA, the right 
pSTS and bilateral IPS. Static objects > static scrambled objects produced a significant 
cluster in the bilateral LO and IPS. Static scenes > static objects produced significant 
clusters in the bilateral PPA. None of the contrasts yielded significant clusters in the 
ventral pathway. Maps generated using a t-statistical threshold of p = 0.001 and a cluster 
correction of 50 contiguous voxels. 
 

Region of Interest (ROI) Analysis 

Finally, we evaluated the use of moving stimuli for functionally localising category-selective 

regions in the three visual pathways. We analysed data for all participants individually to 



16 
 

separately localise the regions of interest (ROIs) using dynamic and static stimuli for all four 

stimulus categories (faces, scenes, bodies, and objects). Significance maps were calculated 

for each participant individually, using an uncorrected statistical threshold of p = 0.001 for all 

four contrasts of interest. If the ROI was present in that participant, we identified the MNI 

co-ordinates of the peak voxel and the number of contiguous voxels in the ROI. Mean results 

are displayed in Table 1. 

 

 

Table 1. The results of the ROI analysis for dynamic and static stimuli for face, scene, body, 
and object areas in 30 participants. Face-selective areas were more robustly identified 
with dynamic stimuli in the pSTS and prefrontal cortex (PFC). A contrast of dynamic scenes 
> dynamic objects produced large clusters encompassing the PPA, retrosplenial cortex 
(RSC) and large areas of the visual cortex in 26 participants. The object-selective LO also 
produced large clusters contiguous with early visual areas when defined using a contrast 
of moving objects > scrambled objects. The body-selective EBA was the most consistently 
identified ROI across participants, regardless of whether it was identified using dynamic or 
static stimuli. 
 

Face-selective ROIs were identified in two separate analyses, using a contrast of moving 

faces greater than moving objects and a contrast of static faces greater than static objects. 
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We attempted to localise face-selective voxels in five commonly studied face ROIs. These 

were the fusiform face area (FFA), occipital face area (OFA), pSTS, the amygdala and in the 

prefrontal cortex (PFC). Results showed that face ROIs were present in more participants in 

the right hemisphere. The pSTS and PFC were identified in more participants when defined 

using moving than static stimuli. The pSTS and PFC ROIs were also larger when identified 

with moving stimuli. These results are consistent with some prior studies (Fox et al., 2009; 

Nikel et al., 2022; Pitcher, Dilks, et al., 2011; Pitcher et al., 2019) but it is important to note 

that other studies have demonstrated that the FFA can also exhibit a greater response to 

moving faces than static faces (Pilz et al., 2011; Schultz & Pilz, 2009). 

 

Scene-selective ROIs were identified in two separate analyses, using a contrast of moving 

scenes greater than moving objects and a contrast of static scenes greater than static 

objects. We attempted to localise scene-selective voxels in the three commonly studied 

scene-selective ROIs. These were the parahippocampal place area (PPA), retrosplenial cortex 

(RSC) and the occipital place area (OPA). Results demonstrated that moving scenes greater 

than moving objects generated activations in the PPA and RSC that were contiguous not only 

with each other but also with large sections of visual cortex in twenty-three participants. 

These large clusters yielded a large number of contiguous voxels, so that efficient functional 

localisation needs to also rely on anatomical constraints or spatial constraints from existing 

group templates. The OPA was spatially distinct from this cluster in most participants (see 

Table 1). Static scenes greater than static objects demonstrated results more consistent with 

earlier fMRI studies of scene-selective ROIs. The PPA, RSC and OPA were successfully 

localised in the right hemisphere of most participants. These ROIs were less consistent in the 

left hemisphere, notably the RSC (see Table 1). 
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Body-selective ROIs were identified in two separate analyses, using a contrast of moving 

bodies greater than moving objects and a contrast of static bodies greater than static 

objects. We attempted to localise the two most studied body-selective ROIs, the extrastriate 

body area (EBA) and fusiform body area (FBA). Notably, the EBA was identified bilaterally 

across more participants using both moving and static contrasts than any other category-

selective ROI (Table 1). Results further showed that the EBA was larger when defined using 

moving than static stimuli, but this was not the case with the FBA. This is consistent with 

prior evidence showing that lateral category-selective brain areas exhibit a greater response 

to moving stimuli more than static stimuli (Pitcher et al., 2019). 

 

Finally, we defined the object-selective area LO using contrasts of moving objects > moving 

scrambled objects and a contrast of static objects > static scrambled objects. Results showed 

a similar pattern to the scene-selective ROIs, namely that defining LO using moving stimuli 

produced large bilateral ROIs that were contiguous with early visual cortex (Table 1). By 

contrast, defining LO using static stimuli was more consistent with prior studies (Malach et 

al., 1995; Pitcher et al., 2009). 

 

Discussion 

In the present study we used fMRI to measure the neural responses to dynamic and static 

stimuli from different visual categories (faces, bodies, scenes, and objects). Our aim was to 

establish the brain areas that selectively respond to moving stimuli of different categories 

across the three visual pathways. Results supported functional dissociations consistent with 

the recently proposed third visual pathway for social perception (Pitcher & Ungerleider, 
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2021). Specifically, contrasts of moving faces greater than static faces and moving bodies 

greater than static bodies produced clusters in bilateral V5/MT+ and in the right posterior 

STS (Figure 3). Moving objects greater than static objects also produced clusters in bilateral 

intraparietal sulcus (IPS), part of the dorsal visual pathway for visually guided action (Milner 

& Goodale, 1995). Interestingly, moving bodies greater than static bodies activated both 

pathways, with greater activation for the moving stimuli in both STS and IPS. These results 

demonstrate that the motion of stimuli from high-level object categories is preferentially 

processed in the lateral and dorsal areas of the visual cortex, more than category-selective 

areas on the ventral brain surface. These results also suggest that there is a critical division 

between biological- and non-biological stimuli across the dorsal and third visual pathways.  

 

Preferential representations of dynamic face stimuli in the STS aligns with the role of the STS 

in social perception (Allison et al., 2000; Kilner, 2011; Perrett et al., 1992) and representing 

aspects of the face that can change rapidly such as expression, gaze and mouth movements 

(Haxby et al., 2000). Accordingly, selectivity to facial motion facilitates emotion perception in 

facial expressions and bodies (Atkinson et al., 2004; Kilts et al., 2003) and audio-visual 

integration of speech (Young et al., 2020). The STS has also been implicated in biological 

motion perception, producing a greater response to motion stimuli depicting jumping, 

kicking, running and throwing movements than control motion (Grossman et al., 2000). Such 

motion stimuli, as well as changeable aspects of the face, convey information that may 

provoke attributions of intentionality and personality of other individuals (Adolphs, 2002). 

Moreover, previous studies have shown that the STS exhibits high selectivity to social in 

contrast to non-social stimuli (Lahnakoski et al., 2012; Watson et al., 2014). In addition to 

finding that the STS seemed to be ‘people selective’, Watson et al. (2014) demonstrated the 
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multisensory nature of the STS, proposing this region plays a vital role in combining socially 

relevant information across modalities. This discrimination between social and non-social 

stimuli is consistent with our proposal of a third pathway connecting V5 and STS, which is 

specialised for processing dynamic aspects of social perception (Pitcher & Ungerleider, 

2021). 

 

Our results for moving bodies are consistent with previous studies of body-selectivity in 

humans, which show that the EBA and the FBA respond more strongly to human bodies and 

body parts than faces, objects, scenes and other stimuli (Downing et al., 2001; Peelen & 

Downing, 2005, 2007). The posterior superior temporal sulcus (pSTS) has also been 

implicated in the perception of biological motion through faces or bodies (Grossman et al., 

2000; Puce & Perrett, 2003; Saygin, 2007). Previous studies have highlighted the dissociation 

in the response to dynamic and static presentation of bodies in lateral and ventral regions 

(Grosbras et al., 2012; Pitcher et al., 2019) that we also report here. The location of these 

body-selective regions in distinct neuroanatomical pathways, with the FBA located on the 

ventral surface (Peelen & Downing, 2005; Schwarzlose et al., 2005) and the EBA (Downing et 

al., 2001) and pSTS (Grossman et al., 2000) on the lateral surface, is consistent with these 

regions having different response profiles to static and dynamic images of bodies. 

Interestingly, we also observed significant clusters to body stimuli in the IPS, a brain area 

that is part of the dorsal processing stream for computing visually guided physical actions 

(Milner & Goodale, 1995). These clusters were present in the moving bodies greater than 

static bodies and static bodies greater than static objects contrasts, demonstrating that 

actual body motion and static bodies with implied motion are processed in the IPS (this was 

also true for the EBA). However, the moving bodies greater than moving objects contrast did 
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not result in significant clusters in the IPS. This was because moving objects (but not static 

objects) are also processed in the IPS, so the responses to moving bodies and moving objects 

cancelled each other out. This pattern of results suggests that the multi-faceted behavioural 

relevance of bodies triggers processing in both the dorsal and third visual pathways: Bodies 

are not only relevant for inferring social information about others (just like faces), they also 

are critical for perceiving and evaluating visually guiding action (just like objects). Our results 

are therefore consistent with the idea that the differential routing of categorical information 

across the dorsal and third pathways is not determined by movement per se, but by the 

behavioural implications carried by the movement for a specific stimulus category.  

 

Neuroimaging studies have identified multiple scene-selective brain regions in humans, 

including the parahippocampal place area (PPA) (Epstein & Kanwisher, 1998), the 

retrosplenial cortex (RSC) (Maguire et al., 2001) and the occipital place area (OPA) (Dilks et 

al., 2013). Previous studies have highlighted the OPA showing a greater response to dynamic 

than static scenes, whereas the PPA and RSC showed similar responses to dynamic and static 

scenes (Kamps et al., 2016; Korkmaz Hacialihafiz & Bartels, 2015; Pitcher et al., 2019). This is 

consistent with our result that moving scenes do not activate scene-selective areas in the 

ventral stream more strongly than static scenes. Additionally, this selective response in the 

OPA to dynamic scenes is seemingly not as a result of low-level information processing or 

domain-general motion sensitivity (Kamps et al., 2016). The way these scene-selective 

regions can be dissociated based on motion sensitivity aligns with their possible roles in 

scene processing. Mirroring the role of the ventral pathway in recognition and the dorsal 

pathway in visually guided action (Milner & Goodale, 1995), these findings are consistent 

with the hypothesis of two distinct scene processing systems engaged in navigation and 



22 
 

other aspects of scene processing such as scene categorisation (Dilks et al., 2011; Persichetti 

& Dilks, 2016). The anatomical position of the OPA within the dorsal pathway is compatible 

with its motion sensitivity and role in visually guided navigation (Kamps et al., 2016). 

Whereas the ventral/medial location of the PPA and RSC aligns with their demonstration of 

less sensitivity to motion and role in other aspects of navigation and scene recognition. 

Notably, our study revealed much more widespread scene-selective clusters when 

localisation was performed with dynamic stimuli. These larger clusters may reflect the type 

of movement present in the scene stimuli: Rather than local movement of a foreground 

object (as present in the faces, body, and object stimuli), scene stimuli were characterised by 

more global movement patterns, where instead of the scene itself, the camera would move. 

Such global movement patterns may indeed be a relevant source of information in scene 

processing, where temporal dynamics in the information are often a consequence of the 

observer moving through the world. However, future studies need to systematically 

compare such global movements with scenes in which many local elements actively move 

(like trees and leaves move during a windy day) to delineate whether there are different 

consequences of these movement types on scene representation. 

 

In addition to the group whole brain analyses we also performed ROI analyses for all four 

stimulus categories at the individual participant level (Table 1), allowing us to quantify 

whether moving stimuli can improve the quality of functional localization in the visual 

system. Prior fMRI studies have mostly used static images of stimuli from these categories to 

identify the relevant category-selective brain areas. However, a subset of areas are known to 

exhibit a greater neural response to moving more than static images from the preferred 

visual object category. These include face-selective areas in the superior temporal sulcus 
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(Fox et al., 2009; LaBar et al., 2003; Pitcher, Dilks, et al., 2011; Puce et al., 1998), the scene-

selective OPA in the transverse occipital sulcus (Kamps et al., 2016) and the body-selective 

EBA in the lateral occipital lobe (Pitcher et al., 2019). This spatial dissociation between 

moving and static stimuli was also observed in the region of interest (ROI) analyses 

performed for each individual participant (Table 1). Results were consistent with prior 

studies of these same areas (Pitcher, Dilks, et al., 2011; Pitcher et al., 2019; Sliwinska, 

Bearpark, et al., 2020). Our ROI results also demonstrate that moving stimuli successfully 

identify more ROIs across participants and larger ROIs than static stimuli for face, scene and 

body areas, particularly in lateral brain areas. By contrast, moving stimuli did not lead to 

systematic shifts in ROI peak coordinates, showing that the activations indeed stem from the 

same cortical areas. The differential selectivity for motion is believed to relate to the 

different cognitive functions performed on stimuli within the relevant category. For 

example, facial identity or facial expression recognition (Haxby et al., 2000) or scene 

recognition or spatial navigation (Kamps et al., 2016). From a methodological perspective, 

the results shown in Table 1 also demonstrate that the use of moving stimuli for fMRI 

functional localisers will more robustly identify category-selective ROIs for all four stimulus 

categories across both hemispheres. The choice of stimuli in functional localiser experiments 

depends on multiple factors, including how these regions are probed in the subsequent 

experiments. Our study, however, provides a valuable benchmark for ROI-based fMRI 

studies in the future, where functional localisation will be robustly achieved in a greater 

percentage of participants when moving stimuli are used instead of static stimuli.  

 

 

 



24 
 

Funding 
This work was funded by a grant from the Biotechnology and Biological Sciences Research 
Council (BB/P006981/1) awarded to D.P. D.K. is supported by the German Research 
Foundation (DFG, grant SFB/TRR135 – INST162/567-1) and “The Adaptive Mind”, funded by 
the Excellence Program of the Hessian Ministry of Higher Education, Science, Research and 
Art.  
 
Acknowledgements 
Thanks to Nancy Kanwisher for providing experimental stimuli. 
 

References 

Adolphs, R. (2002). Recognizing emotion from facial expressions: psychological and neurological 
mechanisms [Review]. Behavioral and cognitive neuroscience reviews, 1(1), 21-62. 
https://doi.org/10.1177/1534582302001001003  

Allison, T., Puce, A., & McCarthy, G. (2000). Social perception from visual cues: role of the STS region. 
Trends Cogn Sci, 4(7), 267-278. https://doi.org/10.1016/s1364-6613(00)01501-1  

Atkinson, A. P., Dittrich, W. H., Gemmell, A. J., & Young, A. W. (2004). Emotion perception from 
dynamic and static body expressions in point-light and full-light displays. Perception, 33(6), 
717-746. https://doi.org/10.1068/p5096  

Beauchamp, M. S., Lee, K. E., Haxby, J. V., & Martin, A. (2003). fMRI Responses to Video and Point-
Light Displays of Moving Humans and Manipulable Objects [Article]. Journal of Cognitive 
Neuroscience, 15(7), 991-1001. https://doi.org/10.1162/089892903770007380  

Beauchamp, M. S., Nath, A. R., & Pasalar, S. (2010). FMRI-guided transcranial magnetic stimulation 
reveals that the superior temporal sulcus is a cortical locus of the Mcgurk effect [Article]. 
Journal of Neuroscience, 30(7), 2414-2417. https://doi.org/10.1523/JNEUROSCI.4865-
09.2010  

Boussaoud, D., Ungerleider, L. G., & Desimone, R. (1990). Pathways for motion analysis: Cortical 
connections of the medial superior temporal and fundus of the superior temporal visual 
areas in the macaque [Article]. Journal of Comparative Neurology, 296(3), 462-495. 
https://doi.org/10.1002/cne.902960311  

Bruce, V., & Young, A. (1986). Understanding face recognition. Br J Psychol, 77 ( Pt 3), 305-327. 
https://www.ncbi.nlm.nih.gov/pubmed/3756376  

Calder, A. J., & Young, A. W. (2005). Understanding the recognition of facial identity and facial 
expression [Review]. Nature Reviews Neuroscience, 6(8), 641-651. 
https://doi.org/10.1038/nrn1724  

Calvert, G. A., Bullmore, E. T., Brammer, M. J., Campbell, R., Williams, S. C., McGuire, P. K., Woodruff, 
P. W., Iversen, S. D., & David, A. S. (1997). Activation of auditory cortex during silent 
lipreading. Science, 276(5312), 593-596. https://doi.org/10.1126/science.276.5312.593  

Campbell, R., Heywood, C. A., Cowey, A., Regard, M., & Landis, T. (1990). Sensitivity to eye gaze in 
prosopagnosic patients and monkeys with superior temporal sulcus ablation. 
Neuropsychologia, 28(11), 1123-1142. https://doi.org/10.1016/0028-3932(90)90050-x  

de Haan, E. H., & Cowey, A. (2011). On the usefulness of 'what' and 'where' pathways in vision. 
Trends Cogn Sci, 15(10), 460-466. https://doi.org/10.1016/j.tics.2011.08.005  

Desimone, R., & Ungerleider, L. G. (1986). Multiple visual areas in the caudal superior temporal 
sulcus of the macaque [Article]. Journal of Comparative Neurology, 248(2), 164-189. 
https://doi.org/10.1002/cne.902480203  

Dilks, D. D., Julian, J. B., Kubilius, J., Spelke, E. S., & Kanwisher, N. (2011). Mirror-image sensitivity and 
invariance in object and scene processing pathways. J Neurosci, 31(31), 11305-11312. 
https://doi.org/10.1523/JNEUROSCI.1935-11.2011  



25 
 

Dilks, D. D., Julian, J. B., Paunov, A. M., & Kanwisher, N. (2013). The occipital place area is causally 
and selectively involved in scene perception. Journal of Neuroscience, 33(4), 1331-1336. 
https://doi.org/10.1523/JNEUROSCI.4081-12.2013  

Downing, P. E., Jiang, Y., Shuman, M., & Kanwisher, N. (2001). A cortical area selective for visual 
processing of the human body [Article]. Science, 293(5539), 2470-2473. 
https://doi.org/10.1126/science.1063414  

Downing, P. E., Wiggett, A. J., & Peelen, M. V. (2007). Functional magnetic resonance imaging 
investigation of overlapping lateral occipitotemporal activations using multi-voxel pattern 
analysis [Article]. Journal of Neuroscience, 27(1), 226-233. 
https://doi.org/10.1523/JNEUROSCI.3619-06.2007  

Duchaine, B., & Yovel, G. (2015). A revised neural framework for face processing. Annual Review of 
Vision Science, 1(1), 393-416.  

Eickhoff, S. B., Stephan, K. E., Mohlberg, H., Grefkes, C., Fink, G. R., Amunts, K., & Zilles, K. (2005). A 
new SPM toolbox for combining probabilistic cytoarchitectonic maps and functional imaging 
data. NeuroImage, 25(4), 1325-1335. https://doi.org/10.1016/j.neuroimage.2004.12.034  

Epstein, R., & Kanwisher, N. (1998). A cortical representation the local visual environment [Article]. 
Nature, 392(6676), 598-601. https://doi.org/10.1038/33402  

Epstein, R. A. (2008). Parahippocampal and retrosplenial contributions to human spatial navigation 
[Review]. Trends in Cognitive Sciences, 12(10), 388-396. 
https://doi.org/10.1016/j.tics.2008.07.004  

Fodor, J. A. (1983). The Modularity of Mind.  
Fox, C. J., Iaria, G., & Barton, J. J. S. (2009). Defining the face processing network: Optimization of the 

functional localizer in fMRI [Article]. Human Brain Mapping, 30(5), 1637-1651. 
https://doi.org/10.1002/hbm.20630  

Grill-Spector, K., & Malach, R. (2004). The human visual cortex. In Annual Review of Neuroscience 
(Vol. 27, pp. 649-677). 

Grosbras, M. H., Beaton, S., & Eickhoff, S. B. (2012). Brain regions involved in human movement 
perception: A quantitative voxel-based meta-analysis [Article]. Human Brain Mapping, 33(2), 
431-454. https://doi.org/10.1002/hbm.21222  

Grossman, E., Donnelly, M., Price, R., Pickens, D., Morgan, V., Neighbor, G., & Blake, R. (2000). Brain 
areas involved in perception of biological motion [Article]. Journal of Cognitive Neuroscience, 
12(5), 711-720. https://doi.org/10.1162/089892900562417  

Grossman, E. D., & Blake, R. (2002). Brain areas active during visual perception of biological motion 
[Article]. Neuron, 35(6), 1167-1175. https://doi.org/10.1016/S0896-6273(02)00897-8  

Handwerker, D. A., Ianni, G., Gutierrez, B., Roopchansingh, V., Gonzalez-Castillo, J., Chen, G., 
Bandettini, P. A., Ungerleider, L. G., & Pitcher, D. (2020). Theta-burst TMS to the posterior 
superior temporal sulcus decreases resting-state fMRI connectivity across the face processing 
network. Netw Neurosci, 4(3), 746-760. https://doi.org/10.1162/netn_a_00145  

Haxby, J. V., Hoffman, E. A., & Gobbini, M. I. (2000). The distributed human neural system for face 
perception. Trends in Cognitive Sciences, 4(6), 223-233. https://doi.org/10.1016/S1364-
6613(00)01482-0  

Hein, G., & Knight, R. T. (2008). Superior temporal sulcus - It's my area: Or is it? [Review]. Journal of 
Cognitive Neuroscience, 20(12), 2125-2136. https://doi.org/10.1162/jocn.2008.20148  

Kamps, F. S., Lall, V., & Dilks, D. D. (2016). The occipital place area represents first-person perspective 
motion information through scenes [Article]. Cortex, 83, 17-26. 
https://doi.org/10.1016/j.cortex.2016.06.022  

Kanwisher, N. (2010). Functional specificity in the human brain: A window into the functional 
architecture of the mind. Proceedings of the National Academy of Sciences of the United 
States of America, 107(25), 11163-11170. https://doi.org/10.1073/pnas.1005062107  

Kanwisher, N., McDermott, J., & Chun, M. M. (1997). The fusiform face area: A module in human 
extrastriate cortex specialized for face perception [Article]. Journal of Neuroscience, 17(11), 
4302-4311. https://doi.org/10.1523/jneurosci.17-11-04302.1997  



26 
 

Kilner, J. M. (2011). More than one pathway to action understanding. Trends Cogn Sci, 15(8), 352-
357. https://doi.org/10.1016/j.tics.2011.06.005  

Kilts, C. D., Egan, G., Gideon, D. A., Ely, T. D., & Hoffman, J. M. (2003). Dissociable neural pathways 
are involved in the recognition of emotion in static and dynamic facial expressions. 
NeuroImage, 18(1), 156-168. https://doi.org/10.1006/nimg.2002.1323  

Korkmaz Hacialihafiz, D., & Bartels, A. (2015). Motion responses in scene-selective regions. 
NeuroImage, 118, 438-444. https://doi.org/10.1016/j.neuroimage.2015.06.031  

Kravitz, D. J., Saleem, K. S., Baker, C. I., & Mishkin, M. (2011). A new neural framework for 
visuospatial processing [Review]. Nature Reviews Neuroscience, 12(4), 217-230. 
https://doi.org/10.1038/nrn3008  

Kravitz, D. J., Saleem, K. S., Baker, C. I., Ungerleider, L. G., & Mishkin, M. (2013). The ventral visual 
pathway: An expanded neural framework for the processing of object quality [Review]. 
Trends in Cognitive Sciences, 17(1), 26-49. https://doi.org/10.1016/j.tics.2012.10.011  

LaBar, K. S., Crupain, M. J., Voyvodic, J. T., & McCarthy, G. (2003). Dynamic perception of facial affect 
and identity in the human brain [Article]. Cerebral Cortex, 13(10), 1023-1033. 
https://doi.org/10.1093/cercor/13.10.1023  

Lahnakoski, J. M., Glerean, E., Salmi, J., Jaaskelainen, I. P., Sams, M., Hari, R., & Nummenmaa, L. 
(2012). Naturalistic FMRI mapping reveals superior temporal sulcus as the hub for the 
distributed brain network for social perception. Front Hum Neurosci, 6, 233. 
https://doi.org/10.3389/fnhum.2012.00233  

Maguire, E. A., Vargha-Khadem, F., & Mishkin, M. (2001). The effects of bilateral hippocampal 
damage on fMRI regional activations and interactions during memory retrieval. Brain, 124(Pt 
6), 1156-1170. https://doi.org/10.1093/brain/124.6.1156  

Malach, R., Reppas, J. B., Benson, R. R., Kwong, K. K., Jiang, H., Kennedy, W. A., Ledden, P. J., Brady, T. 
J., Rosen, B. R., & Tootell, R. B. H. (1995). Object-related activity revealed by functional 
magnetic resonance imaging in human occipital cortex [Article]. Proceedings of the National 
Academy of Sciences of the United States of America, 92(18), 8135-8139. 
https://doi.org/10.1073/pnas.92.18.8135  

Milner, A. D., & Goodale, M. A. (1995). The visual brain in action. The Visual Brain in Action.  
Nikel, L., Sliwinska, M. W., Kucuk, E., Ungerleider, L. G., & Pitcher, D. (2022). Measuring the response 

to visually presented faces in the human lateral prefrontal cortex. Cerebral Cortex 
Communications. https://doi.org/doi.org/10.1093/texcom/tgac036  

O'Toole, A. J., Roark, D. A., & Abdi, H. (2002). Recognizing moving faces: A psychological and neural 
synthesis [Review]. Trends in Cognitive Sciences, 6(6), 261-266. 
https://doi.org/10.1016/S1364-6613(02)01908-3  

Peelen, M. V., & Downing, P. E. (2005). Selectivity for the human body in the fusiform gyrus [Article]. 
Journal of Neurophysiology, 93(1), 603-608. https://doi.org/10.1152/jn.00513.2004  

Peelen, M. V., & Downing, P. E. (2007). The neural basis of visual body perception [Review]. Nature 
Reviews Neuroscience, 8(8), 636-648. https://doi.org/10.1038/nrn2195  

Perrett, D. I., Hietanen, J. K., Oram, M. W., & Benson, P. J. (1992). Organization and functions of cells 
responsive to faces in the temporal cortex. Philos Trans R Soc Lond B Biol Sci, 335(1273), 23-
30. https://doi.org/10.1098/rstb.1992.0003  

Persichetti, A. S., & Dilks, D. D. (2016). Perceived egocentric distance sensitivity and invariance across 
scene-selective cortex. Cortex, 77, 155-163. https://doi.org/10.1016/j.cortex.2016.02.006  

Phillips, M. L., Young, A. W., Senior, C., Brammer, M., Andrew, C., Calder, A. J., Bullmore, E. T., 
Perrett, D. I., Rowland, D., Williams, S. C. R., Gray, J. A., & David, A. S. (1997). A specific neural 
substrate for perceiving facial expressions of disgust [Article]. Nature, 389(6650), 495-498. 
https://doi.org/10.1038/39051  

Pilz, K. S., Vuong, Q. C., Bülthoff, H. H., & Thornton, I. M. (2011). Walk this way: Approaching bodies 
can influence the processing of faces [Article]. Cognition, 118(1), 17-31. 
https://doi.org/10.1016/j.cognition.2010.09.004  



27 
 

Pitcher, D., Charles, L., Devlin, J. T., Walsh, V., & Duchaine, B. (2009). Triple Dissociation of Faces, 
Bodies, and Objects in Extrastriate Cortex [Article]. Current Biology, 19(4), 319-324. 
https://doi.org/10.1016/j.cub.2009.01.007  

Pitcher, D., Dilks, D. D., Saxe, R. R., Triantafyllou, C., & Kanwisher, N. (2011). Differential selectivity for 
dynamic versus static information in face-selective cortical regions [Article]. NeuroImage, 
56(4), 2356-2363. https://doi.org/10.1016/j.neuroimage.2011.03.067  

Pitcher, D., Duchaine, B., & Walsh, V. (2014). Combined TMS and fMRI reveal dissociable cortical 
pathways for dynamic and static face perception [Article]. Current Biology, 24(17), 2066-
2070. https://doi.org/10.1016/j.cub.2014.07.060  

Pitcher, D., Ianni, G., & Ungerleider, L. G. (2019). A functional dissociation of face-, body- and scene-
selective brain areas based on their response to moving and static stimuli [Article]. Scientific 
Reports, 9(1), Article 8242. https://doi.org/10.1038/s41598-019-44663-9  

Pitcher, D., & Ungerleider, L. G. (2021). Evidence for a Third Visual Pathway Specialized for Social 
Perception [Review]. Trends in Cognitive Sciences, 25(2), 100-110. 
https://doi.org/10.1016/j.tics.2020.11.006  

Pitcher, D., Walsh, V., & Duchaine, B. (2011). The role of the occipital face area in the cortical face 
perception network [Review]. Experimental Brain Research, 209(4), 481-493. 
https://doi.org/10.1007/s00221-011-2579-1  

Pourtois, G., Sander, D., Andres, M., Grandjean, D., Reveret, L., Olivier, E., & Vuilleumier, P. (2004). 
Dissociable roles of the human somatosensory and superior temporal cortices for processing 
social face signals [Article]. European Journal of Neuroscience, 20(12), 3507-3515. 
https://doi.org/10.1111/j.1460-9568.2004.03794.x  

Puce, A., Allison, T., Bentin, S., Gore, J. C., & McCarthy, G. (1998). Temporal cortex activation in 
humans viewing eye and mouth movements [Article]. Journal of Neuroscience, 18(6), 2188-
2199. https://doi.org/10.1523/jneurosci.18-06-02188.1998  

Puce, A., & Perrett, D. (2003). Electrophysiology and brain imaging of biological motion. Philos Trans 
R Soc Lond B Biol Sci, 358(1431), 435-445. https://doi.org/10.1098/rstb.2002.1221  

Saygin, A. P. (2007). Superior temporal and premotor brain areas necessary for biological motion 
perception. Brain, 130(Pt 9), 2452-2461. https://doi.org/10.1093/brain/awm162  

Schultz, J., & Pilz, K. S. (2009). Natural facial motion enhances cortical responses to faces [Article]. 
Experimental Brain Research, 194(3), 465-475. https://doi.org/10.1007/s00221-009-1721-9  

Schwarzlose, R. F., Baker, C. I., & Kanwisher, N. (2005). Separate face and body selectivity on the 
fusiform gyrus [Article]. Journal of Neuroscience, 25(47), 11055-11059. 
https://doi.org/10.1523/JNEUROSCI.2621-05.2005  

Sliwinska, M. W., Bearpark, C., Corkhill, J., McPhillips, A., & Pitcher, D. (2020). Dissociable pathways 
for moving and static face perception begin in early visual cortex: Evidence from an acquired 
prosopagnosic [Article]. Cortex, 130, 327-339. https://doi.org/10.1016/j.cortex.2020.03.033  

Sliwinska, M. W., Elson, R., & Pitcher, D. (2020). Dual-site TMS demonstrates causal functional 
connectivity between the left and right posterior temporal sulci during facial expression 
recognition [Article]. Brain Stimulation, 13(4), 1008-1013. 
https://doi.org/10.1016/j.brs.2020.04.011  

Sliwinska, M. W., & Pitcher, D. (2018). TMS demonstrates that both right and left superior temporal 
sulci are important for facial expression recognition [Article]. NeuroImage, 183, 394-400. 
https://doi.org/10.1016/j.neuroimage.2018.08.025  

Sliwinska, M. W., Searle, L. R., Earl, M., O'Gorman, D., Pollicina, G., Burton, A. M., & Pitcher, D. 
(2022). Face learning via brief real-world social interactions includes changes in face-selective 
brain areas and hippocampus. Perception, 3010066221098728. 
https://doi.org/10.1177/03010066221098728  

Snowden, R. J., Treue, S., Erickson, R. G., & Andersen, R. A. (1991). The response of area MT and V1 
neurons to transparent motion [Article]. Journal of Neuroscience, 11(9), 2768-2785. 
https://doi.org/10.1523/jneurosci.11-09-02768.1991  



28 
 

Ungerleider, L. G., & Desimone, R. (1986). Cortical connections of visual area MT in the macaque 
[Article]. Journal of Comparative Neurology, 248(2), 190-222. 
https://doi.org/10.1002/cne.902480204  

Ungerleider, L. G., & Mishkin, M. (1982). Two cortical visual systems. Analysis of Visual Behavior, 549-
586.  

Walsh, V., & Butler, S. R. (1996). Different ways of looking at seeing. Behav Brain Res, 76(1-2), 1-3. 
https://doi.org/10.1016/0166-4328(96)00189-1  

Watson, C. E., Cardillo, E. R., Bromberger, B., & Chatterjee, A. (2014). The specificity of action 
knowledge in sensory and motor systems. Front Psychol, 5, 494. 
https://doi.org/10.3389/fpsyg.2014.00494  

Watson, J. D. G., Shipp, S., Zeki, S., Watson, J. D. G., Myers, R., Frackowiak, R. S. J., Hajnal, J. V., 
Woods, R. P., & Mazziotta, J. C. (1993). Area v5 of the human brain: Evidence from a 
combined study using positron emission tomography and magnetic resonance imaging 
[Article]. Cerebral Cortex, 3(2), 79-94. https://doi.org/10.1093/cercor/3.2.79  

Young, A. W., Frühholz, S., & Schweinberger, S. R. (2020). Face and Voice Perception: Understanding 
Commonalities and Differences [Review]. Trends in Cognitive Sciences, 24(5), 398-410. 
https://doi.org/10.1016/j.tics.2020.02.001  

 


