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Overview & Aims  

The aim of the project was to examine the temporal features of the neural processes underlying size 

constancy, i.e. the perceptual ability that allows us to perceive an object as being the same despite the fact 

that its image on the retina changes continuously with viewing distance. By combining EEG and kinematic 

data, we aimed to unveil for the first time when (and where) the human brain achieves size constancy during 

perceptual and grasping tasks. Specifically, the project consisted of two phases:  

Phase 1 aimed to determine the temporal dynamics of size constancy in perception and action with real 

objects at real distances. Using this ecologically-valid paradigm, we were able to test size constancy 

mechanisms as they operate in the real world. We are pleased to say that we have completed phase 1 

resulting in one published paper in Neuropsychologia, one published abstract, four conference presentations, 

and one Masters’ thesis (Elena Franchin).  

Phase 2 aimed to determine the temporal dynamics of size constancy in perception and action with apparent 

changes in viewing distance induced by pictorial cues. In particular, we examined how object size is processed 

by the brain in the context of the Ponzo illusion and if this processing changes as a function of task demands 

(manual size estimation vs. grasping). Originally, the aims were specific to the processing of contextual 

information provided by the Ponzo illusion. We expanded this to another type of visual illusion, i.e. the 

Shepard’s tabletop illusion and to another type of monocular depth cue, i.e. familiar size. During Phase 2, we 

have completed data collection and analysis of all the experiments. Phase 2 has resulted so far in three papers 

in preparation, two published abstracts, one invited talk at a symposium, four conference presentations, and 

two Masters’ theses (Bianca Maria Monti, Lara Tomazzoli). One Master’s (Albina) and one PhD (Simona 

Noviello) thesis are currently in progress and will consist of some of the experiments from both phase 1 and 

2.  

Please note that during the first months of the project (November 2020-July 2021), we have experienced 
difficulties in accessing the labs due to COVID restrictions and, more importantly, data collection has been 
hindered considerably by the pandemic due to unavailability of participants to test. The situation has slowly 
improved in autumn 2021 thanks to the vaccination plan and the fact that the university moved from online 
learning back to in-person teaching. This explains the delays in completing both phase 1 and 2. 
 
 
Phase 1 
 
EEG-kinematics study (Noviello, et al, Neuropsychologia, 2024) 
Methods 
As mentioned above, the project was completed in two phases. The first phase consisted of a co-registration 
of event-related potentials (ERPs) and kinematics while participants (N = 16) were asked to either manually 
estimate the perceived size of an object (perceptual task) or to pick it up (grasping task). Small and big disks 
were placed at near and far distances, respectively, in order to subtend the same visual angle on the retina 
(Fig. 1). To manipulate the exposure time to stimuli, we used a liquid crystal screen (Polymer Dispersed Liquid 



Crystal or PDLC; Fig. 1) that became opaque or transparent according to instructions given using a custom-
made code in Matlab. Participants were asked to maintain their gaze steadily on a fixation point throughout 
the experiment. Meanwhile EEG was recorded from 64 scalp electrodes and their hand was tracked with a 
motion capture system (Fig. 2). We focused on the early visual evoked components (P1, N1, and P2) related 
to the visual processing of the stimuli. Importantly, these early components took place before participants 
made any movements with their arm.  
 
 
 
 
 
 
 
 
 
Figure 1. The size (4 and 8 cm) and the distances (26 and 52 cm) of the stimuli were manipulated in order to 
subtend always the same visual angle on the retina. 
 

 

Figure 2. Experimental set-up for the co-registration of kinematic movements and EEG signal with real 
changes in viewing distance. 
 
Results and discussion 
We found earlier latencies and greater amplitudes of P1, N1 and P2 components in response to bigger than 
smaller disks, regardless of the task (Fig. 3A). In line with the ERP results, grip apertures were larger for the 
bigger objects than the smaller ones (Fig. 3B).  
These findings demonstrate that size constancy for real objects placed at real different distances occurs at 
the earliest cortical stages and that early visual processing does not change as a function of task demands.      
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Figure 3. A) ERP waveforms of manual estimation and grasping from the electrodes of interest: P1-Pz-P2-
Po3-Poz-Po4; B) Mean Grip Aperture (MGA) as a function of Task and Size. Error bars represent 95% 
confidence intervals. 
 
 
Phase 2 
 
The second phase consisted of a series of experiments that examined the role of monocular pictorial cues in 
object size. In particular, we considered the effects of visual illusions (Ponzo illusion and Shepard’s tabletop 
illusion) and familiar size. Each of the studies of phase 2 will be described in detail. 
 
EEG-kinematics study (Sperandio, et al., in preparation) 
Methods 
We performed the following procedures in 16 participants to examine the temporal features of size 
constancy for perception and action, under conditions where both the retinal and physical size of the stimulus 
remained constant, but perceived size varied due to a Ponzo background (Fig. 4). Participants viewed a disk 
of 4 cm in diameter presented either in the upper or lower part of a Ponzo display and then used their thumb 
and forefinger to perform a manual estimation of its size or to grasp the target. A PDLC screen (Polymer 
Dispersed Liquid Crystal; Fig. 2) was used to control for the visual exposure to the stimulus. Participants were 
also asked to keep their eyes on a fixation point for the whole experiment, while EEG was recorded from 64 
scalp electrodes and their hand was tracked with a motion capture system (Fig. 4).  
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Figure 4. Experimental set-up for the co-registration of kinematic movements and EEG signal with apparent 
changes in viewing distance. The participant was leaning on the chinrest, with the gaze towards the fixation 
point behind the PDLC screen. On the Ponzo background panel, the stimulus is located in the “down” position. 
 
Results and discussion 
We found earlier latencies of N1 and P2 components in response to stimuli in the lower visual field compared 
to the upper visual field. We also observed a larger N1 amplitude for manual estimation than grasping (Fig. 
5A). Kinematics data revealed a significant task effect on the mean grip aperture, which was systematically 
wider during the grasping task compared to the manual estimation task for both stimulus positions, as shown 
elsewhere. A significant position effect was also present, but surprisingly, in both tasks, the mean grip 
aperture was significantly wider when the stimulus was presented in the lower position, opposite to what 
one would expect according to the literature on the Ponzo illusion (Fig. 5B). These findings support the 
existence of possible asymmetries between the lower and upper visual fields in perceived size and grip 
aperture along the vertical meridian which affect both early visual components of the ERP and kinematics. 
 

 
Figure 5. A) ERP waveforms of manual estimation and grasping from the electrodes of interest: P1-Pz-P2-
Po3-Poz-Po4; B) Mean Grip Aperture (MGA) as a function of Task and Position. Error bars represent 95% 
confidence intervals. 
 
Behavioural study (Sperandio, et al., in preparation) 
Methods 
We performed the following procedures in 66 participants to examine the role of depth cues, texture, shape 
constancy and mental rotation abilities in the illusion. We quantified illusion magnitude in using the method 
of adjustment. By manipulating depth cues and texture, we created four conditions: i) plain parallelogram; 
ii) plain tables (parallelograms with legs); iii) wood-like parallelograms; iv) wood-like tables (Fig. 6). Also, 
participants completed a shape constancy task, as described in Ropar and Mitchell (2002), where participants 
were asked to adjust the shape of a square on a computer screen to match the same square viewed at 
different slant angles (0°, 30°, and 60°). Finally, mental rotation abilities were measured using the classic 
matching task developed by Shepard and Metzler (1971).  



 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Different versions of the Shepard Tabletop Illusion. In a) are presented simple plain parallelograms; 
in b) parallelograms with a wood grain pattern; in c) plain tables; in d) tables with a wood grain pattern. In 
each configuration, the parallelogram on the left is typically perceived as thinner and longer than the one on 
the right even though they are of identical size. 
 
Results and discussion 
We found that the illusion increased with the incorporation of additional depth cues, whereas adding the 
wood-grain texture specifically to the table configuration diminished its strength (Fig. 7A). Interestingly, the 
illusion correlated with mental rotation and not with shape constancy abilities (Fig. 7B). Taken together, these 
findings demonstrate that the illusion cannot be explained solely by depth perception. Indeed, mental 
rotation abilities and low-level visual features (texture) seem to contribute as well.       
 

  
 
Figure 7. (A) Mean susceptibility scores for the four different configurations of the Shepard tabletop illusion. 
Error bars represent the standard error of the mean. Asterisks (*) denote significant differences with p < 
.001.; (B) Scatterplot showing the negative correlation between illusion strength and mental rotation (IES = 
inverse efficiency score). 
 
EEG study (Sperandio & Chen, in preparation) 
Methods 
Familiar size, the stored knowledge about object size, is a powerful depth cue that allows our brain to infer 
how far away an object should be to be consistent with its known size. Previous research has shown that 
familiar size is particularly effective under restricted viewing conditions, where the availability of depth cues 
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is reduced. Here, we recorded ERPs in 19 participants to examine the temporal dynamics of familiar size 
under natural (lights on, binocular vision) and reduced (dark room, reduction tunnel and monocular pinhole) 
viewing conditions. Participants were presented with pictures of familiar objects of fixed retinal size (small: 
x1, medium: 1/10, big: 1/100 the real size; Fig. 8) as well as their phase-scrambled versions. Stimuli were 
matched in terms of luminance and aspect ratio. Participants were asked to maintain fixation and perform a 
detection task, while EEG was recorded from 64 scalp electrodes. We focused our analysis on the early visual 
components.  

 
Figure 8. Relationship between familiar size and distance for ~6° of visual angle. The dashed line represents 
the viewing distance used in the study (60 cm). The distance and the size of the images are proportional to 
the typical size-distance relationship in order to subtend the same visual angle. Exemplars from each category 
of familiar size are depicted at x1, 1/10, and 1/100 their real size. 
 
Results and discussion 
We found that the amplitude of P1, the first positive component peaking around 100 ms after stimulus onset, 
was greater in response to familiar smaller than bigger objects, regardless of viewing condition. A similar 
effect was observed when scrambled pictures were presented under the restricted viewing conditions (Fig. 
9). Our findings demonstrate that both familiar size and low-level image properties, such as spatial frequency, 
can modulate the early stages of visual processing and that low-level image properties might be responsible 
for enhanced effects of familiar size typically observed under reduced viewing conditions. 
 
 

 
 
Figure 9. ERP results of A) Full viewing and B) Restricted viewing conditions 
 
 
 



Conclusions and Recommendations 
Our first research question has been answered. It is clear that the early visual processing of object size does 
not change as a function of task demands. Size constancy in perception and action was already observed in 
the first component that we were able to record, which peaked around 70 ms after stimulus onset for the 
big object and around 100 ms after stimulus onset for the small object. To the best of our knowledge, this is 
the first ERP evidence for similar temporal dynamics of object processing in perception and action. A previous 
study from our research group (Chen et al, 2018) has shown that size constancy for pictures presented on a 
screen at different viewing distances requires at least 150 ms in order to occur. Discrepancies with our 
previous findings could be due to different explanations: 1) in the current study we used real objects rather 
than pictures on a screen; 2) participants were asked to grasp and interact with the object while in the Chen 
et al’s study they were asked to simply press a button as soon as an image was presented; 3) in the current 
study, participants could predict the size of the object based on viewing distance, as small and big disks were 
always presented at the near and far distances, respectively. Future studies should further investigate if size 
constancy mechanisms operate differently with pictures as opposed to real stimuli and if predictability of 
object size can influence early visual processing.   
Our second research question led to unexpected findings due to the fact that the Ponzo illusion did not work 
as one would expect based on previous studies in the literature. One possible explanation for this unexpected 
finding is that participants were exposed for a prolonged period of time to the same illusion and could rely 
on haptic feedback to learn the true size of the target. Moreover, stimuli were presented either in the upper 
or lower visual field but never simultaneously at the two positions. This ‘single’ presentation of the illusion 
might have reduced its strength, as previously demonstrated. Nonetheless, our findings showed a lower 
visual field preference which was manifested both in the ERPs and kinematic data: i) N1 and P2 latencies 
were faster for stimuli in the lower visual field compared to the upper visual field; ii) manual size estimates 
and grasp apertures were greater for objects in the lower visual field compared to the upper visual field. This 
asymmetry in the visual field for both perception and action is novel and warrants further investigations. 
Future studies should compare the performance of participants in the upper and lower visual field without 
any contextual information to verify whether or not there are differences in the computation of object size 
during perception and action along the vertical meridian.  
The additional experiments included the second phase revealed that another visual illusion, namely the 
Shepard’s tabletop illusion, does not rely exclusively on explanations based on depth processing, as 
previously thought. Indeed, other factors, including mental rotation abilities and low-level visual features 
(texture) play a role too. Future investigations could test populations with difficulties in mental rotation 
abilities, such as patients with Parkinson's disease, to understand if these people might experience visual 
illusions, such as the Shepard’s tabletop, differently. Finally, our ERP study on familiar size has revealed for 
the first time the temporal features of this visual cues under full and reduced viewing conditions.           
 
In closing, we feel that although the project did not progress as quickly as we hoped, the research output is 
beyond what we originally anticipated. The first study has been published this year in Neuropsychologia. We 
expect to be able to publish four manuscripts in total (we are currently writing up three papers) while our 
original publication target was three. We have published three conference abstracts, while we originally 
predicted two. Moreover, findings have been presented at several national and international conferences. 
Concerning advanced training, this projected resulted so far in three Masters’ theses. One additional Master’s 
thesis and one PhD thesis are currently in progress.  
 
I wholeheartedly thank you for your support. 
 
Yours truly, 
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Table highlighting the differences between expected and achieved output indicators 

 

Expected and achieved output indicators (number of actions) 

Output indicators 
Expected (according to 

application) 
Achieved 

Advanced training: PhD theses 1 1 in progress 

Advanced training: Master theses 0 3 + 1 in progress 

Advanced training: Other 0 0 

Organization of seminars and 
conferences 

0 0 

Book 0 0 

Book chapter 
0 0 

Conference presentation 2 6 

Conference paper 2 3 

Journal article 
3 1 + 3 in preparation 

 

Other (specify) 0 1 invited talk 
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