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ABSTRACT 

 

Our perception of visual objects is amongst the most important aspects of our visual 

perception. While most illusions of space focus on depth or comparison cues, another class of 

object-based illusions elicit effects from their own innate properties. Whether or not these 

warping properties of illusions exist uniformly or separately between singular objects and 

strongly grouped objects is a topic of debate in visual perception literature. We further explore 

the object-based warping (OBW) illusion and the one-is-more (OIM) illusion in a set of two 

studies: the first of which studies the effects found in the OBW illusion on a continuum of 

objecthood, the second of which studies the combination of effects between the OBW and OIM 

illusions. The first study showed that grouped objects exhibit object warping effects, and these 

effects exist on a continuum directly correlated to objecthood strength. The second study showed 

that expansion effects increase uniformly with increasing objecthood, from two objects to one 

object. However, the second study provided contradicting results as well, where the compression 

effect increased uniformly from one object to two objects. This provides evidence for the 

potential distinction of processing between strongly grouped objects and singular objects. 



 1 

Chapter 1 

INTRODUCTION 

 

Perception is a judgment of our surroundings; one that is, often, incorrect. The 

way we see the world around us is affected by both bottom-up automatic processing of 

our environment and top-down controlled processing. How we attend to visual stimuli 

depends on the task at hand and how we are used to orienting the world around us. 

Considering the vast number of ways this perception can be altered, there are 

countless visual perception illusions that take advantage of that fact. We can purposely 

trick our brains into seeing what is not really there and making judgements that are 

inaccurate to our environment (Andrea et al., 2004; Anton-Erxleben et al., 2007; 

Gobell & Carrasco, 2005; Makovski, 2017). 

 

Figure 1. Illustration of Ebbinghaus Illusion (left) and Ponzo Illusion (right). 
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Many prominent illusions reveal specific ways in which our brain’s visual 

areas function, such as the Ponzo Illusion and the Ebbinghaus illusion (shown in 

Figure 1). These illusions rely on perceptual cues such as comparison (Ebbinghaus) 

and depth perception (Ponzo) (Fisher, 1967; Titchener, 1901). However, there is a 

special class of visual illusions that do not rely on these fundamental cues, but rather 

are a result of object properties that have yet to be understood.  

 

 

Figure 2. Illustration of the Oppel-Kundt Illusion in which segments AB and QR are 

perceived larger than segments BC and PQ, respectively. All 

corresponding segments are of the same length. 

For example, the Oppel-Kundt Illusion is an illusion in which a space between 

two lines with multiple lines in between is seen as larger than an empty space between 

those same two lines (shown in Figure 2). In other words, “a filled space is larger than 

an empty space.” This illusion cannot be described using comparison or depth 

perception, but rather the mere presence of objects distorts the space in which they 

occupy (Wackermann, 2017).  
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Figure 3. Illustration of the Gestalt Illusion, in which the space from XY in the top 

half of the illusion (separate groups) appears larger apart from the space 

between XY in the bottom half of the illusion (in the same group). Both 

segments are the same width apart. 

Additionally, Coren & Girgus (1980) explore Gestalt illusions in which objects 

that are grouped together seem closer together than objects that are grouped separately 

(seen in Figure 3); the objects within a group experience a contraction effect while 

objects in separate groups experience a repulsion effect (Coren & Girgus, 1980). For 

further exploration of this class of object-based illusions, this study will utilize two 

notable illusions: the Object-based-warping (OBW) paradigm and the One-Is-More 

(OIM) illusion.  
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Figure 4. Illustration of the Object-Based Warping Paradigm in which a pair of dots on 

an object (left) appear larger than a set of dots of the same separation 

(right) not on an object. 

In the OBW paradigm, the apparent distance of a pair of dots is warped by the 

presence of an object (shown in Figure 4). When a set of dots appearing inside an 

object are compared to a set of dots not inside an object, the first set of dots are 

perceived as farther apart than the latter (Vickery & Chun, 2010).  

However, there are differences in the results depending on where exactly you 

place the two dots inside the object. If the two dots are placed closer towards the 

center of the object, you will perceive the dots to be farther apart than the ones outside 

the object. However, if you place the two dots closer to the top and bottom edges of 

the object, you will perceive the dots to be closer together than the ones outside the 

object (Vickery & Chun, 2010).  
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Figure 5. The One-Is-More paradigm, in which a continuous rectangle (left) appears 

longer than a set of discrete entities (right) of the same length. 

In the OIM paradigm, a continuous rectangle appears longer than a set of 

discrete entities of the same length (shown in Figure 5). This means that, when shown 

a rectangle and a set of two squares with a gap in the center that are the same length 

and width, participants will be more likely to state the rectangle is longer than the set 

of discrete entities (Yousif & Scholl, 2017). 

The theories supporting these two illusions are as follows: objects have 

inherent properties that cause them to warp the space inside them, either expanding or 

compressing the areas they enclose. These properties relate to how the visual system 

prefers objects and therefore more attention is directed towards them. This theory of 

object-based attention states that attention automatically spreads across the surfaces of 

objects or figures when you are focusing on that object (Vickery & Chun, 2010). In 

the case of the OBW illusion, participants focus more attention on the object and less 

so on the areas around that object, causing the space within the bounds of an object to 

be expanded and beyond the boundaries to be compressed. In the OIM illusion the 
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continuous object has stronger objecthood. Therefore, the visual system prefers this 

object and spreads attention across it. The resultant of the two is that the continuous 

entity appears stretched relative to the discrete entity (Coren & Girgus, 1980; Vickery 

& Chun, 2010; Yousif & Scholl, 2017). However, the exact characterizations of these 

warping properties—how, why, and when they occur—are still unclear and require 

further exploration. 

This exploration, however, cannot occur without first describing the basic 

theories of object perception. The most widely renowned theories of object perception 

are the Gestalt principles of grouping. The Gestalt principles include the laws of 

similarity, proximity, figure-ground, common fate, continuation, and closure. The 

principle of similarity states that objects that are similar to each other are grouped 

together. The principle of proximity states that objects that appear close together are 

aggregated into groups. The principle of common fate states that objects are grouped 

together if they are moving in the same direction and the same speed as each other. 

According to the principle of continuation, we assume objects are connected and 

continue with each other if they are aligned together. Lastly, the principle of closure 

states that objects are grouped together if they form a closed space together (Coren & 

Girgus, 1980; Todorovic, 2008). Another important principle to discuss is the figure-

ground principle, in which visual scenes are always separated into two components: 

figure and ground. Figures are objects, and are closer to the perceiver, and ground is 

the background, and appear farther from the perceiver.  

In addition to the Gestalt principles, there is the theory of Uniform 

Connectedness (UC). Palmer and Rock (1994) state this theory as, “closed regions of 

homogeneous properties—such as lightness, chromatic color, texture, and so forth—
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tend to be perceived initially as single units” (Palmer & Rock, 1994). This theory, 

while sounding like the Gestalt principle of similarity, pertains to perception of 

objecthood, not object grouping. In other words, UC is used in perceptual processing 

to identify singular objects, not groups of objects, through the identification of 

boundaries. 

However, what is a group of objects if not just an object itself? The answer to 

this question lies in the perceptual processing that occurs when looking at objects vs. a 

group of objects. Through the research of this processing, we can identify whether a 

strongly grouped object takes on the properties of a singular object, or if singular 

objects have their own set of properties that cannot be achieved regardless of the 

strength of grouping. 
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Figure 6. Shown on the left is a depiction of an illusion done by Palmer & Rock where 

a set of circles are grouped together only when a bar occludes half of a 

column of circles, showing that occlusion takes place prior to grouping. 

Shown on the right is a depiction of an illusion also done by Palmer & 

Rock where UC causes groups of similar & proximal objects to be 

grouped separately. 

The sum of the literature on this topic is widely diverse and lends itself to 

many different debates. One of which is the debate on the primacy of UC; Palmer & 

Rock theorize that UC is the primary, entry-level mode of perceptual organization. 

Grouping is theorized to exist at a much later stage of processing (Palmer & Rock, 

1994). Evidence of this is shown through our visual system’s preferential processing 

towards occlusion over grouping as shown on the left in figure 6. In group A, the set 

of 9 circles to the right is grouped together, and the 6 half circles on the left are 

grouped together. Occlusion is enacted prior to grouping to assume the semi circles 

are full circles occluded by the bar and therefore belong in the circle group. However, 

if you move the half circles so that occlusion is no longer taking place, the 9 half 

circles are grouped together rather than with the 6 circles (Palmer & Rock, 1994). 

Additionally, UC is found to be a stronger perceptual process and overtake 

perceptual organizations of grouping. As shown on the right in figure 6, different sizes 

of objects are grouped together when they are connected by a bar even when rules of 

proximity and similarity should cause grouping to occur in the opposite fashion 

(Palmer & Rock, 1994).  These examples demonstrate that UC is deployed primarily 

in the visual system, and much earlier than grouping. Therefore, it raises the question 

of whether the perceptual process of grouping can be deemed the same as object 
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definition through UC, and thus exhibit the same warping effects, when the two exist 

at such different stages of processing. 

However, grouping has already shown to display warping effects. As shown in 

the Gestalt illusions in figure 3, grouped objects appear closer together than objects of 

separate groups; a clear extension of the object-based warping effects found in the 

OBW paradigm (Palmer & Rock, 1994).  However, it is unclear how strong these 

effects are when compared to singular objects.  

It is well established that object grouping can exist on a continuum. Namely, 

the strength of grouping of objects can be altered depending on how strong the 

principles of grouping are being employed. However, it remains unclear what the 

exact characteristics are at the end of this continuum. Can a set of objects be grouped 

together so strongly that they are perceived as a singular object? Or is the end of this 

grouping continuum simply strong grouping, with the perception of singular objects 

existing to a different continuum altogether? 

With the previous information and examples taken together, it is unclear 

whether the brain, at least initially, identifies objects and groups of objects as 

perceptually the same. Furthermore, whether object warping effects extends uniformly 

to groups of objects as well. While it is unlikely there will be any one study that 

provides conclusive evidence on this debate, further characterization of the perceptual 

properties of objects and groupings of objects is needed to establish clarity of a 

relationship between the two. 

To research this, we conducted two studies. The first study measured the 

warping effects found in the OBW paradigm in a group of objects, as well as whether 

those effects can be modulated by grouping strength. We expected a positive, linear 
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correlation between warping effects and grouping strength. The second proposed study 

was a continuation of both the OBW and OIM paradigm. We utilized the object-based 

warping framework to compare estimated separations between dots on a singular 

object, dots on a grouped set of two objects, and dots not on an object. We expected to 

see the greatest warping effect in the singular object condition, no warping effect in 

the no object condition, and a medium warping effect in the grouped-object condition 

within each group of the same dot separation. Additionally, we expected to see an 

expansion effect at dot separations of 80 px and 200 px, with the greatest expansion 

effect at a dot separation of 80 px, and a compression effect at a dot separation of 300 

px. A uniform increase in object warping effects from no grouping, grouping, and 

objecthood would provide evidence that objects and groups of objects are perceptually 

the same. However, other patterns of warping effects not following this continuum 

could provide evidence that they are perceptually different. 
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Chapter 2 

METHODS 

2.1 Objecthood Continuum Study 

45 participants participated in the study for pay or college credit. All had 

normal or corrected-to-normal vision. Participants viewed the stimuli on a home 

monitor/laptop through an online study. The study was implemented through jsPsych, 

and participants used a mouse or touchpad. We excluded 8 participants who had more 

than a 10% error in the baseline condition.  

 

Figure 7. Sample trial of the Objecthood Continuum study of expansion reference 

separation (150 px, left), and compression reference separation (320 px, 

right). 

During each trial, participants viewed a scene with two sets of red dots (10 px 

by 10 px), one above the other, on either side of the screen (Shown in Figure 6). The 
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scene consisted of randomly oriented gabor patches of 16 px by 16 px. Adjustment 

dots were located on a uniform background of randomly oriented gabor patches and 

were adjusted by staircase intervals depending on the participant’s responses. 

Reference dots were located on or surrounding a rectangle of gabor patches with a 

height of 288 px oriented at a coherency correlating to 1 of 4 conditions, and always 

remained the same distance apart throughout the staircase. Participants were instructed 

to indicate which set of dots were either smaller or larger by pressing a button on the 

screen with a mouse/trackpad corresponding to each of the sides. 

 

Figure 8. Each of the 4 conditions in the Objecthood Continuum study, varied by 

coherence of orientated gabor patches. 

There were 4 conditions for each dot separation that differed based on 

coherence of gabor patch orientation. The baseline condition had 0% coherence, the 

low condition had 50% coherence, the medium condition had 75% coherence, and the 

high condition had 100% coherence (shown in Figure 7). Coherence is defined here as 
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the number of gabor patches that are oriented in the same direction. There were two 

possible reference separations for each condition, one to produce expansion at a 150 

px separation, and one to produce compression at a 320 px separation. The adjustment 

dots would start at either +/- 20% of the reference dot separation at the beginning of 

each trial. 

We utilized the staircase method to establish the point of subjective 

equivalence (PSE) between the reference and adjustment dots. This would represent 

the percent difference between perceived and actual dot separation. After a total of 6 

reversals had been achieved for all conditions, the experiment would end. The 

staircase steps started at 16 px and were halved after each reversal to a minimum of 

2px. 3 of the last reversals would be averaged as the PSE. There were 8 possible 

conditions defined by the coherence of the “object” region, shown in Figure 7, and the 

position of the reference dots, with two starting points for each condition, which 

totaled to 16 groups of trials. 

In each block, we interleaved the 16 possible conditions. Additionally, we 

randomized the sides the reference and adjustment dots appeared on. Half the 

participants were instructed to choose the smaller separation, and the other half were 

instructed to choose the larger separation (determined randomly).  

2.2 Object-based Warping x One-Is-More Study 

89 participants participated in the study for pay or college credit. All had 

normal or corrected-to-normal vision. Participants viewed the stimuli on a home 

monitor/laptop through an online study. The study was implemented through jsPsych, 

and participants used a mouse or touchpad. Any participants that scored above or 
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below the 10% estimated difference in any of the control “no object” conditions were 

excluded from the study. 

During each trial, participants viewed a scene with two sets of red dots (10px 

by 10px), one above the other, on either side of the screen. Reference dots, which were 

embedded in an object, remained the same distance apart throughout the staircase. 

Adjustment dots were located on a uniform background and were adjusted by staircase 

intervals depending on the participant’s responses. Participants were instructed to 

indicate which set of dots were either smaller or larger by pressing a button on the 

screen with a mouse/trackpad corresponding to each of the sides. 

The object the reference dots were located on had 3 possible configurations: a 

rectangle (300 px), a set of discrete entities (2 squares of 100 by 110 px with an 80 px 

gap between them), or no object (on a uniform background). The reference dots 

appeared at a dot separation of 80 px, 200 px, or 300 px.  
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Figure 9. 9 conditions of the OBW x OIM study grouped by dot separation (from left 

to right, 80 px, 200 px, 300 px). In each group, from left to right, there is 

the no object condition, the object condition, and the two-object 

condition. 

We utilized the staircase method to establish the PSE between the reference 

and adjustment dots. For each condition there were 2 staircases that occurred for the 

adjustment dots where they started at +40% or -40% of their corresponding reference 

dot separation. The staircase steps started at 16 px and were halved after each reversal 

to a minimum of 2px. After 6 reversals the staircase trial for that condition ended, and 

we averaged the last 3 reversals as the PSE. There were 9 possible conditions, shown 

in Figure 8, with two starting points for each condition, which totaled to 18 groups of 

trials. 

Within each block, we interleaved the conditions shown. The sides the 

reference dots & adjustment dots appeared on were randomized. For half participants 

(determined randomly) instruction used the term smaller and for the other half - larger 

to control for confounding effects not related to the goals of this study. 
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Chapter 3 

RESULTS 

3.1 Objecthood Continuum Study 

Percent error between PSE and reference dot separation were measured in each 

condition, a graph of results is shown in Figure 9. Our analysis focused on multiple 

comparisons within the compression conditions and the expansion conditions, a table 

of results are shown in Figure 10. 

We completed a repeated measures ANOVA to measure the effect of 

coherency (null, low, medium, high) on mean percent errors in the compression 

condition group and showed a main effect F(3, 108) = 8.857, p < .001. Additionally, 

we completed a repeated measures ANOVA to measure the effect of coherency (null, 

low, medium, high) on mean percent errors in the expansion condition group and 

showed a main effect F(3, 108) = 30.375, p < .001. This data reveals that increasing 

coherency in all conditions resulted in stronger warping effects. 

In the compression conditions, percent error between the no coherence and 

medium coherence conditions were found to be significantly different, t(36) = 4.211, p 

< .001, d = 0.692. Percent error between the no coherence and high coherence 

conditions were also found to be significantly different, t(36) = 4.329, p < .001, d = 

0.712. No other significant differences were found between compression conditions. 

In the expansion conditions, percent error between the no coherence and high 

coherence conditions were found to be significantly different, t(36) = -10.115, p < 

.001, d = -1.663. Percent error between the low coherence and high coherence 

conditions were also found to be significantly different, t(36) = -6.859, p < .001, d = -

1.384. Additionally, percent error between the medium coherence and high coherence 
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conditions were also found to be significantly different, t(36) = -6.044, p < .001, d = -

0.994. No other significant differences were found between expansion conditions.  

 

 

Figure 10. Graph of PSE across all 4 compression conditions (left) and the PSE across 

all 4 expansion conditions (right). Significance is indicated by a red bar 

connecting significantly different conditions. Above 0% error is 

considered expansion, while below 0% error is considered compression. 

Sample object stimuli at 100% coherence are shown below each graph. 
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Table 1: Paired Samples T-Test between every expansion condition and every 

compression condition (top) and descriptives table of every condition 

(bottom). 

3.2 Object-based Warping x One-is-more study 

Percent error between PSE and reference dot separation were measured in each 

condition, a graph of results is shown in Figure 11. Our analysis focused on multiple 

comparisons within each of the 3 dot-separation conditions (80 px, 200 px, and 

300px), a table of results are shown in Figure 12. 
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We found that each of the conditions within the same dot separation (no object, 

object, and two objects) were significantly different from each other. The no object 

conditions yielded a 0 percent error, meaning neither a compression nor an expansion 

effect occurred. The object and two object conditions in the 80 px and 200 px 

condition groups yielded a positive percent error, meaning an expansion effect was 

observed. The object and two object condition in the 300 px condition group yielded a 

negative percent error, meaning a compression effect was observed. 

The largest expansion effect was found in the one object condition at an 80 px 

dot separation and was significantly larger than the two-object condition at the same 

dot separation, t(88) = 4.685, p < .001, d = 0.497. The largest compression effect was 

found in the two-object condition at a 300 px dot separation and was significantly 

larger than the one object condition at the same dot separation, t(88) = 7.481, p < .001, 

d = 0.793. An expansion effect was observed in both the one object and two object 

condition at a 200 px dot separation, though less than the 80 px dot separation 

condition. The one object condition had a significantly larger expansion effect than the 

two-object condition at a dot separation of 200 px, t(88) = 8.765, p < .001, d = 0.929. 

All object conditions were significantly different than the no object condition at the 

same dot separation. 

This data reveals that, for the expansion conditions, the one object conditions 

always resulted in stronger expansion effects than the two object conditions at the 

same dot separations. However, in the compression (300 px) conditions, the data 

shows a stronger warping effect in the two-object condition than the one object 

condition. 
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Figure 11. Graph of percent error across each condition. Above 0% error is considered 

expansion, while below 0% error is considered compression. 
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Table 2: Paired Samples T-Test between every dot-separation condition (top) and 

descriptives table of every condition (bottom). 
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Chapter 4 

DISCUSSION 

Object-based illusions are unique in that they do not seem to follow the 

traditional characteristics that define spatial illusions—comparison, depth cues, etc. 

(Coren & Girgus, 1980; Fisher, 1967). Rather than creating properties of illusion to 

create a false perception, object-based illusions are falsely perceived themselves 

because of some innate property of objects. Additionally, object-based illusions lack 

an abundance of scientific exploration that might provide explanation and 

characterization of this property, how these illusions function, and how we perceive 

objects or groupings of objects. The present work provided insights that may lead to 

better models of such distortions. 

Previous research on object-based illusions have revealed objects warp the 

space around them (Vickery & Chun, 2010; Yousif & Scholl, 2017). Oftentimes, they 

expand the space within them, causing the space within their boundaries to appear 

larger, and the space around their boundaries to appear compressed (Vickery & Chun, 

2010). While it is shown that objects have these warping properties, it is unknown 

exactly how or why they warp space, what properties of objects create this illusion, 

and whether these properties extend to groupings of objects as well.  

Therefore, the purpose of this study was to further investigate the OBW and 

OIM illusions and investigate how these illusions behave on a continuum of 

objecthood in order to better characterize how objects warp the space within and 

around them. In both studies 1 & 2, we found that expansion effects increase with 

increasing objecthood. In other words, as an object went from low grouping strength 

to high grouping strength to a singular object, the expansion effects of that object 
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increased similarly. This set of results was not surprising, as they follow the reasoning 

behind the OBW and OIM studies; more concrete, singular objects exert stronger 

warping effects.  

However, we found contradicting correlations for the compression effects in 

both studies. In study 1 we found that the compression effect increased with increasing 

organization. In study 2, it was revealed that the strongest compression effects were 

found in the two-object condition rather than the one object condition. This study 

showed increasing objecthood decreased the compression effect. There are two 

possible reasons for this, neither of which are mutually exclusive: an expansion effect 

still occurs at the dot separations designated for compression effects, and/or there is a 

difference in perception between strong groupings of objects and singular objects. 

The first reason is that the expansion effect still occurs at the dot separations 

designated for the compression effects. The expansion effect was found to increase 

uniformly with increasing objecthood; whether the objecthood was increasing to a 

strongly grouped set of objects or a singular object. It is understood that the expansion 

effect is not modulated by the set of dots used in the OBW illusion, but rather revealed 

by these sets of dots. Therefore, no matter what separation the dots are displayed at, 

nor what effect they show, a general expansion of the space within the boundaries of 

the object is still expected to occur. 

The decrease in compression effect in the one object condition vs. the two-

object condition can be explained by a competing expansion effect. In the one object 

condition, the space within the object and between the dots is still expanded more than 

in the two-object condition. Therefore, it is not that there is less of a compression 
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effect in the two-object condition vs. the one object condition but rather a stronger 

expansion effect in the one object condition than the two-object condition. 

It is important to note that this competition of expansion vs. compression effect 

seems to only occur on the singular object condition; not in the strongly grouped 

conditions. If the competition were to happen in both groups, we wouldn’t have seen 

the steady, uniform increase in compression effect as we increased grouping strength 

that we found in the first study. Rather, we would have seen a decrease in compression 

effect. The fact that the competition only occurs in the singular object condition, lends 

evidence to the later reason previously mentioned; singular objects are processed 

differently than grouped objects. 

To elaborate on this reason, we look more closely at our second study. The 

decrease in the compression effect in the second study could show a difference in the 

perception between strongly grouped objects and singular objects, since the effect did 

not behave in the way that is expected. However, the expansion effect did increase 

uniformly with increasing object strength, even when the object switched from a 

grouped object to a singular object. Therefore, is there only differential processing for 

the compression effect between grouping/non-grouping? Or does this same distinction 

exist for the expansion effect as well (and thus, all object-warping effects), but our 

study was just not designed to reveal the distinction? More research and repetition of 

previous studies is necessary to examine whether a difference in processing exists 

between a grouping of objects and singular objects. 

A possible limitation of this study may exist in the conditions we chose for 

both studies. Perhaps more conditions devoted to singular objects rather than strongly 

grouped objects in the first study, as well as more conditions devoted to strongly 
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grouped objects rather than singular objects in the second study, would reveal 

information that could support or dispute distinctions in our object-processing 

systems. However, adding more conditions could potentially lead to adding more 

confounds to our study, so this limitation might best be handled through repetition of 

these two studies. 

To conclude, we found that object-based warping effects can exist on a 

continuum directly related to objecthood and grouping strength. Additionally, we 

found that the expansion effect is displayed similarly in groups of objects as they are 

in objects. The compression effect however was found to increase uniformly with 

increasing grouping strength in the first study but decrease from one object (strongest 

objecthood) to two-object (weaker objecthood) in the second study. This might 

provide evidence that objects and groups of objects do not display the same warping 

effects and thus are not perceptually the same. 
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