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Abstract
Our perceptual experience is not a veridical representation of the world around us. We perceive structure in the form of 
objects and events, and this structure has consequences. Like gravity distorts space and time in the physical world, objects 
and events distort space and time in our minds, resulting in a plethora of illusions that observers can readily appreciate for 
themselves. Moreover, many of these distortions of space (caused by objects) and time (caused by events) appear to be perfect 
analogs of one another—suggesting a deep relationship between the representation of space and time, objects and events. 
Here we review dozens of illusions of space and time, discussing how they relate to one another and what these relations 
reveal about the organization of perceptual and mnemonic systems in the human mind.
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Look out at the world around you. What do you see? Perhaps 
the denizens of a coffee shop, a crowd of people waiting in 
line, or a car parked just outside. Listen to the world around 
you. What do you hear? A steady drone of background noise, 
an occasional laugh, the hums and whirs of traffic through 
the glass. You see and hear not arbitrary “stuff” but structure 
in the world around you. That is, you see objects, and you 
experience events. In a “blooming, buzzing” world, objects 
and events are the structure. Like atoms or molecules are 
the “units” of matter, objects and events are the units of 
experience.

The demarcation of our experience into structured units is 
not without consequence: Like gravity bends space and time 
in the physical world, objects and events bend space and 
time in the mind—resulting in a wide range of remarkable 
illusions. For example, simply placing two dots inside of a 
rectangle causes them to be perceived as farther from each 
other (compared with two comparable dots without a bound-
ing rectangle). This, aptly, is known as “object-based warp-
ing” (Vickery & Chun, 2010; see Fig. 1A). Events, in time, 

rather than objects in space, exhibit the very same warping 
(Goh et al., 2025).

But how exactly are space and time being distorted in 
these cases? Is it merely the space and time within objects 
and events that are distorted, or are the areas around them 
also distorted? Are these effects really about objects and 
events per se? Finally, what might such distortions reveal 
about the relation between the representation of space and 
time, objects and events? The aim of this paper is to review 
work on spatial and temporal distortions that arise from 
object and event structure and answer these questions along 
the way.

Defining objects and events

Objects and events, like so many other things, may only 
be defined on a know-it-when-you-see-it basis (see Scholl, 
2001; Yates et al., 2023). Roughly, though, objects are struc-
tured spatial entities. A lamp is an object because it is a 
coherent physical entity that moves together and has a single 
purpose. Objects can be composed of other objects: A lamp 
consists of objects like a lightbulb and a lampshade, which 
are also coherent physical entities that move together and 
have a single purpose. They can be small (like a coffee mug) 
or large (like a stadium). They not only can compose into 
other objects, they can also be contained by other objects; 
their organization can be hierarchical.
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Whereas objects refer to spatial structure, events refer to 
temporal structure. In the same way that an object is a coher-
ent physical entity, an event is a coherent temporal entity, 
bounded by a beginning and ending. Events, like objects, 
are hierarchical in that events can be nested within larger 
events (e.g., the event of “brushing teeth” can exist within 
the larger event of “getting ready”). Because of these deep 

structural similarities, events are often considered to be the 
temporal analog of objects (e.g., De Freitas et al., 2014; 
Yates et al., 2023).

There is much to say about how to define objects and 
events more precisely (see, e.g., Scholl, 2001; Yates et al., 
2023). We will sidestep those (deep, interesting) questions 
for now. Instead, we will focus on the consequences of 

Fig. 1   Various illustrations of object-based warping and the one-is-
more illusion. A The canonical object-based warping effect, wherein 
dots within the rectangle are perceived as further apart. B Variations 
of object-based warping. C Object-based warping near rather than 
within objects. D The canonical one-is-more illusion, wherein con-
tinuous entities are perceived as ~30% longer than discrete entities. E 
The one-is-more illusion persisting through occlusion. F An example 
of the bi-stable “apple core” image used to show the one-is-more illu-

sion is evident even when visual input is perfectly equated (dashed 
lines are to highlight possible interpretations; they are for illustrative 
purposes only). In all cases, the relevant extents are highlighted with 
dotted lines; note that these illusions appear stronger without these 
guiding lines. Versions of these demos without guiding lines can be 
found at https://​www.​spati​alcog​nitio​nlab.​org/​space​time (Color figure 
online)

https://www.spatialcognitionlab.org/spacetime
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objecthood and eventhood and how it is that they distort the 
space and time around them.

Distortions of space in and around objects

One of the core functions of the human mind and brain is 
to represent the space around us. To avoid an obstacle, to 
grab a coffee mug, to align two graphs on a slide, we need 
to represent the locations of and relations between objects 
in space. Yet space itself can be surprisingly and power-
fully distorted by the presence of objects. In this section, 
we review the ways in which objects can lead to robust and 
systematic distortions of perceived space and what such dis-
tortions reveal about the ways the mind parses and represents 
our spatial world.

Distortions of one‑dimensional space 
around the bounds of an object

We will begin with object-based warping. Simply, two dots 
within an object appear farther apart than two comparable 
dots that occupy empty space (Vickery & Chun, 2010; see 
Fig. 1A; stronger versions of these demos and all other 
demos can be found at https://​www.​spati​alcog​nitio​nlab.​
org/​space​time). This phenomenon has been (speculatively) 
linked to object-based attention, whereby attention spreads 
not like a spotlight over space, but over structured objects 
(Scholl, 2001). But how exactly does the spread of attention 
warp the sense of space? Though Vickery and Chun (2010) 
shy away from offering a definitive explanation of this phe-
nomenon, they speculate that either “object-based warping 
may be related to attention, which involuntarily spreads 
across or arbitrarily selects entire surfaces of incidentally 
selected regions belonging to objects,” or “the visual system 
may devote an exaggerated cortical representation to visual 
regions perceived as belonging to a figure’s surface, because 
of the primacy of objects in perceptual computations” (p. 
1763). These explanations are complicated, however, by 
variations of the illusion, wherein, for instance, dots placed 
on opposite edges of an object or just outside either bound 
of the object appear closer than dots occupying empty space 
(see Fig. 1B; for these and many other variations, see Lebed 
et al., 2023).

Lebed and colleagues (2023) discuss at length how 
object-based warping might simultaneously explain the 
canonical expansion of space when probes are placed within 
an object as well as the compression of space when probes 
are placed around an object: Perhaps these opposing effects 
reflect the center-surround nature of attentional selection, 
in that regions around the focal region are suppressed (thus 
resulting in compression). Or perhaps object boundaries 
serve as landmarks or “attractor points” such that dots 

inside an object are pulled toward the boundaries and end 
up seeming farther from one another whereas dots outside, 
also pulled toward the boundaries, end up seeming closer. 
Or perhaps these are two distinct phenomena: The canoni-
cal expansion effects may be caused by distinct mechanisms 
from the compression effects. For now, these remain open 
questions.

One way to begin answering these questions is to under-
stand what space is actually being warped in the first place. 
Vickery and Chun (2010) assess the warping of space via 
probe dots placed either superimposed on salient objects or 
in empty space. Lebed and colleagues (2023) go one step 
further by placing the probe dots outside of the boundary of 
the object but not along the primary axis of the shape (e.g., 
horizontally offset to the right or left of object; see Fig. 1C). 
Interestingly, they find that object-based warping applies to 
space just outside of objects. In fact, both expansion and 
compression effects get gradually weaker as the probe dots 
move farther from the central axis, as if the space is continu-
ously warped in the vicinity of salient objects (rather than 
strictly within the bounds of an object). On a strictly object-
based account, such continuous distortions might be viewed 
as mysterious since they extend beyond the boundary of the 
object itself. Similarly, these continuous effects of spatial 
distance imply that the boundary itself is not critical for the 
illusion; if it was, one might expect the illusion to break for 
any object outside the bounds of the shape.

If the space around objects is indeed continuously 
warped, then perhaps we should expect that the length of 
objects themselves (rather than the extent between two probe 
dots) is similarly distorted. Indeed, this seems to be the case, 
as you can readily see for yourself in Fig. 1D. Here, a single, 
continuous rectangle is perceived as longer from edge-to-
edge than two, discrete rectangles—a phenomenon referred 
to as the one-is-more illusion (Yousif & Scholl, 2019), so 
named because one thing is consistently perceived as greater 
in extent than any collection of things. The resulting dis-
tortions are not small, as viewers can surely appreciate for 
themselves: People tend to perceive the continuous entity 
as about 30% longer overall. Looking at this figure, an obvi-
ous possibility is that observers perceive the difference 
in white space between the two displays. Yet the one-is-
more-illusion persists even in cases of occlusion such that 
the overall amount of white space in the display is equated. 
In Fig. 1E, you can see in one case a single, horizontal 
rectangle occluded by a vertical rectangle, and in another 
case two separate discrete rectangles in front of a vertical 
rectangle. Both figures contain the same amount of white 
space, and yet the seemingly continuous rectangle behind 
the occluder nevertheless appears greater in length. In fact, 
the one-is-more illusion applies to stimuli that are perfectly 
controlled in the sense that participants evaluated the exact 
same stimuli with respect to one of two bi-stable percepts 

https://www.spatialcognitionlab.org/spacetime
https://www.spatialcognitionlab.org/spacetime
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(see Fig. 1F). Here, observers were first asked to appreciate 
two different interpretations of the presented objects: Two 
smaller blue rectangles in front of a vertical red rectangle or 
one single blue rectangle behind a red “apple core” shape. 
Once observers were able to acknowledge both interpreta-
tions, they were asked to indicate which of the two inter-
pretations seemed longer in horizontal extent. Even in this 
unnatural task, 70% of participants reported that the single 
blue rectangle was longer.

Even this effect might be explained by a figure-ground 
effect, however: The presence of an occluder may cause the 
putatively continuous object to be perceived as farther away 
(i.e., because it is placed behind another object). If the object 
is perceived as farther away, it may be seen as larger because 
the visual system tries to compute its true size, rather than its 
retinal size. Yousif and Scholl (2019) account for this pos-
sibility in two ways. First, they asked observers to evaluate 
the edge-to-edge extent of two separate rectangles behind an 
occluder. But, critically, those two rectangles either moved 
in sync or out of sync in the vertical dimension—thus, in 
the former cases, appearing as one continuous entity, and 
in the latter cases, appearing as two discrete entities. Both 
cases involved the same degree of occlusion (and presum-
ably, then, the same inferences about depth), yet the single 
continuous rectangle was again perceived as longer. Sec-
ond, a version of the study was conducted in which depth 
information was precisely manipulated using a stereoscopic 
headset. Even when the continuous, occluded object was in 
fact immediately behind the occluder (per the discrepancy in 
position presented to each eye), the illusion persisted.

Yousif and Scholl (2019) argue that these effects reflect 
the same kind of spatial distortion discovered by Vickery 
and Chun (2010), except that their demonstrations show 
that it is the space of the objects themselves that is being 
distorted. Note that this is especially surprising when you 
consider the fact that dots placed on or near object bounda-
ries exhibit compression, rather than expansion (Lebed et al., 
2023). If the continuous space of an object is expanded, 
then why would probes placed precisely at each boundary 
be compressed? Right now, there is no clear answer to this 
question (for a possible explanation, see Experiment 4 of 
Lebed, 2022). Yet it is mysteries like these that suggest that, 
for as much that is known about these distortions, there is 
much left to understand.

All of the above work assumes that the observed distor-
tions of space are somehow related to the spread of attention. 
How could we know for sure? One approach might be to test 
stimuli that are like the relevant tested stimuli, but without 
complete, bounded objects. Baker and colleagues (2024) do 
exactly that. Across six unique experiments, they show a 
similar expansion of space even when probe dots are placed 
in between two independent contours, for instance (see 
Fig. 2A). Their demonstrations are thorough and compelling. 

Clearly, object-based warping does not depend on the pres-
ence of strictly defined objects. However, it is not clear that 
for something to be “object-based” it must depend solely on 
such rigidly defined, unambiguous objects. In fact, object-
based effects are often correlated with spatial structure such 
that clearer cues to objecthood result in stronger effects; they 
are rarely all-or-none (see Feldman, 2007; Marino & Scholl, 
2005; Yousif & Scholl, 2019). Baker and colleagues may 
be correct to note that object-based warping is flexible, but 
we do not see these findings as in any way undermining the 
reality of the phenomenon. Something about the structure of 
space distorts our perception of it, whether that is objects or 
something object-like.

Three other visual illusions are worth mentioning. The 
first is the Oppel–Kundt illusion (Kundt, 1863; for a more 
recent exploration, see Mikellidou & Thompson, 2014; see 
two variations in Fig. 2B). In this illusion, additional verti-
cal bars placed in between two bounding vertical bars cause 
the extent between two bounding bars to be perceived as 
greater. Note, however, that the Oppel–Kundt illusion is 
not just a “more-is-more” bias, because, as we have already 
discussed, one object is perceived as the “most” (Yousif 
& Scholl, 2019). Thus, it is almost as if adding additional 
bars creates additional structure, causing the collection of 
objects to, counterintuitively, appear more like one single 
entity. Viewed this way, the expansion of space resulting 
from added bars has an object-based explanation and thus 
may be directly related to object-based warping and the one-
is-more illusion.

The second is the Coren–Girgus illusion, wherein visu-
ally grouped dots are perceived as closer together than 
comparable ungrouped dots (Coren & Girgus, 1980; see 
Fig. 2C). At a glance, this illusion seems at odds with both 
object-based warping and the one-is-more illusion in that the 
more structured entities are perceived as farther apart than 
the less structured entities. However, some details are worth 
noting here. First, of course, the groups of entities in the 
Coren–Girgus illusion are still made up of discrete objects; 
it is not clear what should be made of these “hierarchical” 
visual objects that are composed of otherwise discrete enti-
ties. Second, it is worth noting that the Coren–Girgus illu-
sion is much more subtle than object-based warping and 
certainly much more subtle than the one-is-more illusion 
(which results in spatial distortions as large as 30%). Thus, 
while it seems inevitably true that these illusions will involve 
some similar grouping/attentional mechanisms, they are in 
very different ballparks with respect to their phenomenologi-
cal consequences.

The third is the open-object illusion, whereby “open 
objects” (i.e., ones that do not form a fully bounded poly-
gon) appear to be noticeably larger (Makovski, 2017; see 
Fig. 2D). Makovski (2017) speculates that this illusion 
may reflect a kind of “boundary extension” (see Intraub & 
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Fig. 2   Other illusions of spatial extent. A Variations of object-based 
warping, without clear objects. B Two examples of the Oppel–Kundt 
illusion, wherein the extent across many lines/dots is perceived as 
greater than the extent across empty space. C The Coren–Girgus illu-
sion, wherein dots between sets are perceived as farther apart. D The 

open-object illusion. E The pint glass illusion. In all cases, the rel-
evant extents are highlighted with dotted lines; note that these illu-
sions appear stronger without these guiding lines. Versions of these 
demos without guiding lines can be found at https://​www.​spati​alcog​
nitio​nlab.​org/​space​time (Color figure online)

https://www.spatialcognitionlab.org/spacetime
https://www.spatialcognitionlab.org/spacetime
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Richardson, 1989) but offers no definitive explanation of 
the illusion. One seemingly unexplored possibility, though, 
is whether this truly reflects the openness of the object 
or the lower-level features that compose the open versus 
closed objects in the first place. In Fig. 2D, for instance, 
the closed object has more vertical lines, which may draw 
more attention along that vertical axis and thus reduces 
perceived length along the opposite axis. This is a possi-
bility that could be explored further. However, it is worth 
noting that there are other cases in which closure seems to 
influence perceived extent. Inspired by a famous “bar bet,” 
Rivera-Aparicio and Firestone (2018) demonstrated that the 
circumference of a closed circle is perceived by as much as 
35% shorter than a similar but not-fully-closed shape (see 
Fig. 2E). This pint glass illusion is particularly compelling 
because it is so simple that it leaves little room for counter-
explanation. Thus, it is clear that closure must play some 
role in perceived extent, though exactly how and when and 
why this happens remains a mystery.

Distortions of multidimensional space

Most of the effects discussed so far concern distortions of space 
in a single dimension (e.g., along a single axis). In reality, of 
course, much of our interaction with the world occurs in (at 
least) two dimensions. How is multidimensional space distorted? 
Perhaps the simplest two-dimensional spatial distortion is spa-
tial compression, demonstrated by Sheth and Shimojo (2001). 
They showed that objects in memory are robustly compressed 
toward the center of gaze and/or toward other salient landmarks 
(see Fig. 3A). This compression is robust in memory, though it 
is unclear whether these effects are also perceptual in nature—
mostly because this is impossible to demonstrate empirically. 
For example, you might think of the empty-space condition 
used by Vickery and Chun (2010) as a test of perceptual spatial 
compression, but what experimental control could be used to 
claim that compression occurs? Perhaps the distance between 
two dots could be compared against the distance between the 
two endpoints of a line (see Experiment 1b of Yousif & Scholl, 
2019). But even then, it would not be clear whether the space 
between the two dots is being compressed, or the space of the 
continuous line is being expanded. Perhaps both are true. In the 
absence of any definitive evidence, we think it is reasonable to 
assume that spatial compression likely occurs in perception as it 
does in memory, given the fact that we already know continuous 
entities are perceived as longer than discrete entities.

Two-dimensional space can be distorted in much more 
complex ways, however. Consider, for instance, prototype 
effects—perhaps the most well-established spatial distor-
tion of all—wherein locations are misremembered with 
respect to the regions in which they are situated (Hutten-
locher et al., 1991). Imagine any dot inside of a circle, 
as in Fig. 3B. Suppose the dot disappears and you must 

replace it within the shape. Chances are that you will make 
the same mistake that everyone does: You will misplace 
the dot farther toward the center of its original quadrant. 
These sorts of effects have been documented in all sorts 
of environments (Holden et al., 2010), including in three-
dimensional space (Holden et al., 2013). Huttenlocher and 
colleagues explained these effects by appealing to work 
on concepts and categorization showing that memories 
are distorted toward their prototypical form (e.g., Bartlett, 
1932; Posner & Keele, 1968). That is, any memory you 
have of any one car will be biased to resemble an average, 
prototypical car. They argued that spatial memory works 
the same way: Objects are segmented into natural catego-
ries (e.g., quadrants) and, as a result, memories for loca-
tions within those objects are biased toward the prototype 
(i.e., center) of that category. If this story is accurate, it 
would suggest that memories for all locations are distorted 
with respect to the frames that they occupy.

Prototype effects are not just effects of memory, however. 
Even in speeded perceptual tasks, people make the same 
sorts of systematic errors: They are slower and less accurate 
when discriminating locations toward the centers of quad-
rants (Yousif et al., 2020). Yet, unlike Huttenlocher and col-
leagues, Yousif and colleagues (2020) do not see errors as 
biases toward the center of the quadrants—not exactly. They 
point out that these biases only exist for angular changes, 
not distance changes. That is: The perception of space is 
distorted as a function of an object’s proximity to the oblique 
axes, but only in the angular dimension. If an object shifts 
toward or away from the center of a circle, even if it is right 
along the oblique axis, perceptual acuity is not impaired.

The dissociation between errors in the angular and dis-
tance dimensions of space is consequential; it may suggest 
that locations are naturally represented in polar coordinates. 
Further analyses of these prototypical biases revealed fur-
ther support for this possibility (see Yousif & Keil, 2021). 
In fact, it turns out that these biases are remarkably gen-
eral; they span not only memory and perception but also 
multiple kinds of spatial information. For example, one of 
the most well-known psychophysical effects is the oblique 
effect, which, on its surface, is a lot like prototype effects. 
Whereas prototype effects (and the additional angular biases 
discovered by Yousif and colleagues) involve mislocations 
toward and lower acuity near the oblique axes, the oblique 
effect describes reduced acuity for oriented lines in those 
same regions of space (see Appelle, 1972; Bonds, 1982; 
Essock, 1980; see Fig. 3C). One often-unappreciated fact is 
that these oblique distortions are quite general in nature—
extending far beyond just orientation and even beyond loca-
tion. It turns out that the sizes of objects, and the distances 
between them, are also distorted, such that things appear less 
extended when they span the oblique regions as opposed to 
the cardinal regions (Yousif & McDougle, 2024).
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Fig. 3   Illusions of spatial location. A Two examples of spatial com-
pression, wherein locations are either compressed toward each other 
or toward a center point. B An example of prototype effects wherein 
objects are mislocalized toward the centers of their respective quad-

rants (using data from Yousif et  al., 2020). C The classic oblique 
effect whereby oriented bars in the oblique region are harder to per-
ceive. D A visual explanation of oblique warping, which describes 
various other oblique distortions. (Color figure online)
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Fig. 4   Temporal analogs of illusions of spatial extent. A Event-based 
warping, wherein probes within a continuous event appear further 
apart in time. B The (temporal) one-is-more illusion, wherein con-
tinuous periods of time are perceived as longer than discontinuous 
ones. C Variations and extensions of the one-is-more illusion, or 
event-boundary contraction. D The “Memento” effect, wherein events 

played in a reverse order are perceived as shorter in duration. E Two 
variations of the filled-duration illusion wherein the filled durations 
are perceived as longer. F Illustrations of how these illusions apply 
to silence as well as sound. In all cases, the relevant extents are high-
lighted with dotted lines. (Color figure online)
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Angular biases are not limited to the visual modality; they 
reflect a more general distortion of space. Yousif, Forrence 
et al., (2024a) showed that similar biases manifest in a purely 
motor task, without any visual input whatsoever. In fact, 
the magnitudes of the visual and non-visual biases are cor-
related: A person who makes larger mislocalizations toward 
the oblique regions of space in a visual task will also make 
larger mislocalizations in a nonvisual task, independent of 
the overall amount of error that they make (Yousif, Forrence 
et al., 2024a). Relatedly, deficits in visual acuity for loca-
tions in the oblique regions of space are correlated with defi-
cits of orientation perception (Yousif & McDougle, 2024), 
leading to the suggestion that all of the aforementioned 
effects may be linked (see Fig. 3D for a visual explanation). 
That is, space itself may be warped in the oblique regions 
of space, so that there is reduced acuity in those regions. As 
a consequence of this reduced acuity, memories for loca-
tions may be pulled toward these regions, resulting in well-
known biases like prototype effects. Similarly, spatial extent 
is reduced in the oblique regions because those regions span 
less representational space (on account of their decreased 
sensitivity). Yousif and McDougle (2024) call this general 
distortion in the oblique regions of space oblique warping.

Crucially, oblique warping offers a way to understand 
classic effects of mislocalization (e.g., Huttenlocher et al., 
1991) without appeal to processes of categorization. Pro-
totype effects may arise not because of a categorical divi-
sion between the different quadrants of space, but because 
of continuous variation in visual acuity throughout space. 
Or both of these things may be true at once: There may 
be continuous variation in visual acuity and also top-down, 
categorical biases that influence our sense of space. For now, 
it remains unclear.

Note that others have claimed precisely the opposite—that 
objects in spatial memory are mislocalized toward regions 
of higher acuity (Langlois et al., 2021). Yet the stimuli used 
in the two cases are remarkably different: Whereas Yousif 
and McDougle (2024) theorize about spatial representation 
within contained environments (like within a circle, per the 
original work of Huttenlocher et al., 1991), Langlois and 
colleagues (2021) study spatial memory for dots superim-
posed on everyday images—like a picture of a lighthouse, 
for instance. When they examined various canonical shapes, 
they did find biases toward the edges of shapes (regions of 
high acuity) but they also found biases toward the oblique 
regions of those very same shapes (regions of low acuity). 
It is not clear how both of these biases co-exist. One possi-
bility is that the former bias of spatial localization relies on 
explicit visual landmarks, whereas the latter may rely more 
on spatial processes like those involved in spatial naviga-
tion. Future work may seek to explain both sorts of biases 
in tandem.

Combine all of this together, and it is easy to imagine 
that our mental representation of the spatial world is being 
constantly pushed and pulled in various directions, as if 
dozens of gravitational forces are in effect at once. Yet, as 
we have discussed, these distortions are not arbitrary. The 
spatial world is systematically warped with respect to the 
objects that fill it.

Distortions of time in and around events

How long did your morning meeting last? Did you eat lunch 
before or after your class? When we are faced with ques-
tions like when something occurred or how long it lasted, 
we often find that our sense of time powerfully diverges 
from reality. Why might this be the case? In this section, we 
argue that in the same way that our representations of space 
are distorted by the presence of objects, our experience of 
time—on both short and long timescales—is distorted by 
proximity to events, leading to powerful and robust illusions 
of time in both perception and in memory.

Distortions of time caused by the bounds 
of an event: Analogs to object‑based effects

Virtually all of the object-based, spatial distortions discussed 
above have an event-based, temporal analog. For instance, 
Goh et al. (2025) demonstrated that just as two dots within 
an object are perceived as farther apart in space, two tones 
within a continuous auditory event are perceived as further 
apart in time—event-based warping. For them, an auditory 
event was something like the background noise that one 
might experience while sitting in a coffee shop. Simply: Two 
tones that played during a segment of background noise were 
perceived as further apart than two tones that played inde-
pendent of such a segment (see Fig. 4A). They conducted 
several additional experiments to ensure that the effects were 
about eventhood per se. For instance, they demonstrated that 
the effects could not be explained by the onset or offset of 
background noise alone.

As with objects, it is not just that time is distorted by the 
presence of events; events themselves also seem to be dis-
torted: The one-is-more illusion also has a temporal analog. 
Yousif and Scholl (2019) showed that continuous periods 
of noise were perceived as substantially longer than discrete 
moments of noise interrupted by a period of silence—on 
average, by about 30% (see Fig. 4B). Just like its spatial 
counterpart, the auditory one-is-more illusion persists even 
when an “auditory occluder” is used to create a gap with-
out disrupting the underlying continuous tone. Sherman 
and colleagues (2023), exploring the role of memory in 
the perception of time, independently discovered the same 
sort of illusion. In addition, they showed that the illusion is 
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impacted by when a salient event boundary occurs and that 
abrupt changes may have a greater impact on perceived time 
than gradual ones (see Fig. 4C). And according to Singhal 
and Srinivasan (2022), these sorts of temporal distortions 
can result not just from externally defined events, but inter-
nal perceptual switches—as occurs, for instance, when one 
swaps from one interpretation of an ambiguous Necker cube 
to another.

These findings also resemble an earlier finding from 
Liverence and Scholl (2012), who demonstrated that con-
tinuous paths are perceived as longer in duration than dis-
crete ones. To control various factors like predictability and 
attention, the discrete paths consisted of four segments of 
the continuous path played in reverse order (such that the 
fourth segment played first, then the third, etc.; see Fig. 4D). 
(Referencing the 2000 Christopher Nolan thriller Memento, 
they called these “Memento” trials.) In this way, they were 
able to isolate the difference in perceived duration that arose 
from the segmentation of the events per se. This Memento 
effect is also unique in that, unlike most of the other illusions 
and distortions discussed in this section, it involves visual 
segmentation—highlighting a special case of how spatial 
objects (in this case, paths) can influence temporal process-
ing. However, there has been some debate about whether 
this effect reflects event processing per se. Meyerhoff and 
colleagues (2015) later argued that the findings are better 
explained by spatiotemporal unpredictability in the discrete-
event condition. (Of course, one might then wonder how dif-
ferent “spatiotemporal unpredictability” and “events” really 
are. Surely spatiotemporal variability is one of the key cues 
to eventhood in the first place; see Yates et al., 2023)

The Oppel–Kundt also has a temporal analog in the filled 
duration illusion. Just as filling the space between two lines 
with more lines creates an impression of increased spatial 
extent, filling the gap between two tones with more tones 
creates an impression of temporal extent (Thomas & Brown, 
1974; Wearden et al., 2007; see Fig. 4E). Variants of the 
filled-duration illusion better resemble the one-is-more illu-
sion, however: Periods filled by a single continuous sound 
are also said to be perceived as longer in duration than peri-
ods between two discrete sounds (see Fig. 4E).

Another class of temporal distortions involves oddball 
effects (Tse et al., 2004), whereby one’s sense of time is 
expanded for unexpected events. That is, if you see a circle 
in the middle of a sequence of squares, you will perceive 
that circle as having lasted longer. While this effect is not 
directly analogous to any of the object-based spatial effects 
discussed earlier, it is still deeply related to those effects (and 
similar event-based temporal effects) via attention. As Tse 
and colleagues (2004) succinctly put it: “The perception of 
duration is rooted in the perceptual processing of events” 
(p. 1171). Their idea is that time ought to slow down for the 

unexpected, so that such events have more (subjective) time 
to be processed, as if more temporal attention is allocated to 
it. Perhaps this is not unlike the way that individual objects 
appear larger in space when spatial attention is allocated to 
them (e.g., Yousif & Scholl, 2019).

Since its discovery, many variations of the oddball effect 
have been documented (for review, see Eagleman, 2008). 
Particularly notable (though perhaps not particularly surpris-
ing) is the fact that oddball stimuli anywhere in the visual 
environment seem to expand the sense of time for everything 
else in the display, suggesting that the phenomenon is more 
about the event caused by the surprise, rather than about 
the surprising object itself (New & Scholl, 2009). That is, 
events, independent of the particular entities comprising 
them, are the fundamental unit of our sense of time.

One reason to believe that these effects genuinely reflect 
eventhood (as opposed to just the presence of sensory infor-
mation) is that many of them apply to silence as well as 
sound. Goh et al. (2023) demonstrated that event-based 
warping, the one-is-more illusion, and oddball effects 
on time perception all work the same way when periods 
of silence are substituted for periods of sound. That is: 
Extended segments of silence are temporally extended, and 
tones within those periods of silence are perceived as fur-
ther apart in time (see Fig. 4F). These findings suggest that 
what the mind represents is not just auditory stimulation, but 
meaningful units of time—whether those units are character-
ized by the presence of something or its absence.

The fact that these illusions are about eventhood rather 
than sound per se gives us a new lens through which to see 
some of these temporal illusions. For example, you might 
notice that the filled-duration illusion and event-based warp-
ing are essentially the same phenomenon—except that, in 
the latter case, we now know that the effect also works for 
periods of silence rather than sound. Thus, it seems that the 
filled-duration illusion is poorly named, since the illusion 
itself is not caused by filled durations at all; “empty” dura-
tions can also be expanded, so long as those empty periods 
are perceived as meaningful units of time.

Distortions of time by event hierarchy

Work on object perception mostly distinguishes between 
complete objects (like the single rectangle of the one-is-
more illusion; see Fig. 1D) and separate objects (like the two 
discrete rectangles in the same illusion; see Fig. 1D). But 
the Oppel–Kundt illusion shows us that the perception of 
space is also influenced by the number of intervening entities 
(see Fig. 2B). Or, alternatively, the intervening vertical bars 
cause the outer bars to be perceived as part of one coherent, 
striped object, such that the Oppel–Kundt illusion essentially 
becomes a variation of the one-is-more-illusion. Formally, 
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it is not clear whether or when a group of items ought to be 
recognized as one coherent object. In the world of temporal 
memory, though, it is understood that events are hierarchi-
cal and can be composed of other events (see Yates et al., 
2023). Indeed, many paradigms in event cognition involve 
establishing boundaries between periods that contain many 
discrete image presentations (see, e.g., Clewett et al., 2020; 
DuBrow & Davachi, 2013, 2016; Heusser et al., 2018). Yet 
in such cases, it is perfectly normal to refer to those periods 
as “events.” In fact, what tends to be emphasized in the event 
perception literature is not the events themselves, but the 
boundaries between them.

In practice, this appreciation of the hierarchical nature of 
events allows for the study of events to span multiple time-
scales. Work has investigated temporal memory distortions 
on the scale of seconds (e.g., most of the work reviewed 
above), minutes (e.g., DuBrow & Davachi, 2013), days (e.g., 
Sherman & Yousif, 2025), and even years (e.g., Yousif, Lee 
et al., 2024b). One idea pervades this entire literature—that, 
somehow or another, temporal memory is distorted at event 
boundaries.

For example, DuBrow and Davachi (2013) showed that, 
on the scale of seconds or minutes, boundaries disrupt tem-
poral order judgments such that memory for the order of 
items within an event is better preserved than memory for 
the order of items across events (see also Clewett et al., 
2020; DuBrow & Davachi, 2016; Heusser et al., 2018; see 
Fig. 5A)—a classic event boundary effect. However, Yousif, 
Lee, and colleagues (2024b) found the exact opposite when 
examining event representation “at the scale of ordinary 
experience.” In their study, they probed memory for events 
for popular television shows that were experienced not on 
the scale of seconds or minutes, but months and years. For 
the longest-running show tested, participants would have 
first viewed that material over a decade prior to testing. In 
this task, when placing events on a timeline, participants 
were more likely to confuse events within a season than 
across seasons (otherwise equating for temporal distance). 
The authors speculate that this is not because of a difference 
in timescale (compared with the classic work of DuBrow 
and Davachi) but a difference in how the relevant sequences 
were structured. In the work of DuBrow & Davachi (2013), 
the sequences were arbitrary; there was no coherent nar-
rative order to them. That is quite unlike the rich, struc-
tured narratives contained in television shows. In the latter 
case, it makes sense that participants would be less likely 
to make across-season confusions. Wen and Egner (2022) 
showed exactly this—increased within event confusions for 
sequences with meaningful temporal structures, even at the 
same temporal scale as the original findings from DuBrow 
and Davachi. For this reason, we do not see these opposing 
results as conflicting with one another. Instead, they dem-
onstrate that the effects of event boundaries on temporal 

memory are context- (and perhaps content-) sensitive. 
Further, regardless of the directionality of the effect (and 
regardless of the reason for the differences), it remains clear 
that event boundaries do affect our ability to reconstruct the 
temporal order of our experiences. In this way, it is clear 
that event boundaries play a role in temporally organizing 
our memories.

Relatedly, perceived and remembered duration can also 
be influenced by event boundaries. For example, one way 
to interpret the results of the temporal one-is-more-illusion 
(along with related findings; e.g., Sherman et al., 2023; 
Liverence & Scholl, 2012) is that the presence of an event 
boundary caused a compression of perceived time. Intrigu-
ingly, these findings stand in contrast to a wealth of findings 
that event boundaries can lead to an expansion in temporal 
memory – that is, intervals containing an event boundary 
are judged as longer than comparable intervals without a 
boundary (Clewett et al., 2020; DuBrow et al., 2024; Ezzyat 
& Davachi, 2014). Bangert and colleagues (2020) showed 
people naturalistic movies of everyday events (see Fig. 5B) 
and found that the directionality of the relationship between 
boundaries and time can be impacted by how exactly dura-
tion estimates were probed. When participants were asked 
to compare durations across boundaries to a fixed duration 
held in long-term memory, events spanning a boundary were 
perceived as shorter in duration. Yet when participants were 
asked to compare whether a middle tone was (temporally) 
closer to a first tone or a third tone, an intervening boundary 
caused the tones to be perceived as further apart from one 
another. Bangert and colleagues (2020) argue that the most 
parsimonious explanation of the discrepancy is a difference 
in how attention is deployed in the two cases. We won’t 
adjudicate this (nor whether such a distinction could explain 
the opposing results in shorter-term perception vs. long-term 
memory) here. What matters for our purposes is that, even 
though there can be opposing effects of boundaries on rep-
resentations of time, there are several independent lines of 
work which clearly implicate event boundaries in temporal 
processing.

Finally, some recent work has suggested that it’s not just 
durations of events (or items within an event) that can be 
distorted, but that the relative timing (or rhythm) of items 
within an event can be altered by temporal structure. Spe-
cifically, Ongchoco et al. (2023) designed a task in which 
participants reproduced musical sequences. They found 
that participants reliably “sped up” prior to an event bound-
ary (playing the notes prior to a boundary earlier than they 
should) and “slowed down” following an event boundary 
(playing the notes following a boundary later than they 
should). These data suggest events not only play a role in 
shaping overall judgments of duration or order, but also may 
alter the way we represent the precise temporal relationships 
among items within vs. across events.



	 Psychonomic Bulletin & Review           (2026) 33:98    98   Page 12 of 16

Fig. 5   Other event-related temporal distortions. A An illustration 
of temporal confusions caused by event boundaries. B Two contra-
dictory temporal distortions resulting from different time percep-
tion manipulations (per Bangert et al., 2020). C An illustration of a 
“beginning advantage” whereby beginnings are overly represented on 
mental timelines (per Yousif, Lee et al., 2024b). D An example of an 

event-based temporal distortion, whereby beginnings are compressed 
and endings are expanded (per Wen et al., 2025). E The temporal rep-
etition effect wherein repeated items are perceived as initial occurring 
longer ago (per Sherman & Yousif, 2025). In all cases, the relevant 
extents are highlighted with dotted lines. (Color figure online)
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Events are not just about boundaries, however. Respond-
ing to this observation, Yates and colleagues (2023) point 
out that the focus should instead be on the substance of the 
events themselves. “A room is more than just four walls,” 
they write, “Characterizing a room has more to do with what 
exists between the walls than it does with the walls them-
selves” (p. 2077). They argue that events are the same way, 
and that, accordingly, more emphasis should be placed on 
the internal structure of events—their beginnings, middles, 
and endings.

In this spirit, Yousif, Lee, and colleagues (2024b)—in the 
same study analyzing temporal memory errors in popular 
television shows—explicitly examined how beginnings and 
endings of narratives are relatively expanded or compressed. 
In the case of Game of Thrones, for instance, they showed 
that events that occurred in Season 1 were regularly placed 
much further along the timeline, as if the beginning of the 
show was overrepresented on people’s mental timelines (see 
Fig. 5C). This was true even when the boundaries between 
seasons were explicitly labeled, suggesting that this find-
ing was not just a matter of misrepresenting the scale of 
the timeline itself. In fact, this is an effect that readers may 
be able to appreciate for themselves: If you ever rewatch a 
show after some time, you may notice that prominent events 
early in the narrative occur sooner than you expect. This, 
we think, is naturally explained by the fact that beginnings 
are overrepresented on the mental timeline. Of note, these 
findings are consistent with other work documenting other 
sorts of “beginning advantage[s]” in the representation of 
events (Teigen et al., 2017).

That said, the relationship between the internal struc-
ture of events and perceived duration is not conclusively 
established. Studying time perception on shorter timescales, 
Wen and colleagues (2026) showed that beginnings were 
remembered as being relatively shorter and endings were 
remembered as being relatively longer. Critically, they 
showed that these effects are explained by event structure 
per se and not merely primacy and recency. In one experi-
ment, participants listened to two sequences of tones, one 
after the other; the authors showed that the effects of begin-
nings/endings applied even to the first sequence (despite the 
fact that its ending was relatively further away in time; see 
Fig. 5D). Future work may wish to unpack how these find-
ings relate to findings on longer timescales (e.g., Yousif, 
Lee et al., 2024b).

So far, we have discussed ways that impressions of time 
may be shaped by event boundaries and the structure of 
the event itself (i.e., its beginning, middle, or ending). One 
final factor that may distort the sense of time is repetition 
of the event itself. Classic models of memory posit that, for 
example, repeated events will have greater memory strength, 
and thus that such events will be remembered as relatively 
recent (Hintzman, 2005; see also Flexser & Bowser, 1974; 

Hintzman, 1988, 2004, 2010; Zou & Kuhl, 2024). However, 
Sherman and Yousif (2025) show that this is not always 
true. When people are asked to recall not when an event 
most recently occurred, but when it first occurred, they tend 
to recall repeated events as occurring earlier in time (see 
Fig. 5E). And this is true not only on the scale of minutes, 
but days: Participants exhibited the same bias even when 
they were tested over the course of one full week. This 
temporal repetition effect is not readily explained by exist-
ing memory models. This finding is not straightforwardly 
explained by explicit strategy on behalf of the participants, 
either: When asked whether they used the number of remem-
bered repetitions as a heuristic to place items on the timeline 
(i.e., whether they placed something further back because 
they reasoned they must have seen it longer ago, on account 
of remembering it multiple times), participants reported a 
wide range of responses. Critically, though, these explicit 
reports of heuristic strategies were uncorrelated with the 
effect itself. Sherman and Yousif note that this does not fully 
rule out the possibility of heuristic strategies, but it does 
suggest that the temporal repetition effect is not obviously 
explained by such strategies. There is room for future work 
to investigate this matter further.

Object and events, space, and time—
Inextricably intertwined?

There is no denying that there is a deep relationship between 
the representation of objects and events, space and time. 
However, despite all the similarities, there are some sub-
stantive differences, as well. In this section, we will briefly 
comment on the similarities before discussing some of those 
differences and their implications.

Dozens of papers explicitly compare the representation 
of objects and the representation of events (see, e.g., De 
Freitas et al., 2014; Lee et al., 2024; Papafragou & Ji, 2023; 
Wellwood et al., 2018; Yates et al., 2023; Yousif & Scholl, 
2019). Both events and objects are discretizations of oth-
erwise continuous input. Both objects and events seem to 
influence—or be influenced by—attention in similar ways 
(see, e.g., De Freitas et al., 2014; Goh et al., 2025; Yousif 
& Scholl, 2019). And as we have discussed throughout this 
paper, both events and objects seem to expand time and 
space in similar, systematic ways.

Even so, there are a number of subtle differences between 
the two that are worth mentioning. For example, readers may 
note that while our usage of the term “object” was straight-
forward (but see Baker et al., 2024), our usage of the term 
“event” was not. That is, the word event (here and elsewhere) 
is sometimes used to refer to a specific moment and other 
times used to refer to extended periods (for more on this 
distinction, see Yates et al., 2023). The effects discussed 
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here encompass both moments and periods. Yet it is not 
clear what the spatial equivalent would be of these terms. 
More than just wordplay, these distinctions affect how these 
entities are studied. For example, it is natural to think about 
events embedded within events—like scenes within epi-
sodes within seasons of a television show (Yousif , Lee et 
al., 2024b). It is understood, in other words, that events are 
hierarchical. While objects obviously can be embedded 
within other objects, we are not aware of any case in which 
a study relied on hierarchical embeddings of objects in a 
systematic way.

On the contrary, it is natural in the domain of space to 
distinguish between objects and substances (see, e.g., Soja 
et al., 1991; VanMarle & Scholl, 2003)—but what is the 
temporal equivalent of a substance? Background noise? Per-
haps it depends on context. In Goh and colleagues’ (2025) 
study of event-based warping, ambient noise was treated 
as a canonical auditory event. Relative to absolute silence, 
perhaps this qualifies as an event, but in other contexts, this 
assumption would surely be rejected. This difference matters 
only insofar as we want to make comparison to the spatial 
equivalents: If we really want to understand the similarities 
between object and event representation, we may want to 
first ensure that we are comparing comparable entities.

Then there is the matter of absence. In the spatial domain, 
we can think of holes as a kind of absence (see, e.g., Nelson 
& Palmer, 2001). In the temporal domain, we can think of 
silence as a kind of absence (Goh et al., 2023). But absences 
can occur not only between objects and events; absences can 
also exist because nothing is present at all. How are those 
absences represented—and are there any commonalities 
between objects and events in that respect? Short of staring 
at an empty wall, there is really no way of thinking about 
what it means to have an object-less impression of the spatial 
world. The temporal world is a bit different, though: There 
are many moments in between conversations and thoughts 
that are more than just pauses, when the mind seems to be 
in no particular moment and attending to no particular thing. 
For now, it remains an open question whether these sorts of 
absences are comparable to one another and whether they 
have similar cognitive consequences.

Another notable distinction in our discussion of objects and 
space versus events and time is that whereas the majority of 
spatial distortions have been studied within the domain of per-
ception, much of our understanding of how events influence 
representations of time come from studies of memory (e.g., 
DuBrow & Davachi, 2013; Sherman & Yousif, 2025; Yousif, 
Lee et al., 2024b). In part this is a necessity: Because events 
dynamically unfold over time, judgments of time are almost 
always retrospective, and thus might involve memory to some 
extent. In contrast, because distortions of space can be observed 
and measured during perception itself, it is more natural to 
study such distortions then. However, work in the time/event 

domain does suggest that there may be interesting distinctions 
between perception and memory: For example, event bounda-
ries can exert opposing effects on short-term, in-the-moment 
judgments of time (e.g., Sherman et al., 2023; Yousif & Scholl, 
2019) versus longer-term memory (e.g., Ezzyat & Davachi, 
2014), raising interesting questions about how event-based 
distortions of time change over time. There is the opportunity 
to explore similar questions in the spatial domain: Whereas 
there is some evidence suggesting that some spatial distortions 
are similar across perception (Yousif et al., 2020) and memory 
(Huttenlocher et al., 1991), there is also some evidence that spa-
tial biases can change over time. For example, in a virtual navi-
gation task, Graves and colleagues (2020), found that although 
participants initially navigated toward specific learned locations 
in an arena, they subsequently navigated based on the distri-
bution (i.e., they were more likely to traverse to the average 
location, rather than to specific locations; see also Graves et al., 
2022). Thus, future work might explore whether and how the 
object-induced spatial distortions discussed here may change 
with memory. For example, do the distortions become increas-
ingly strong over the course of memory consolidation?

One final subtle difference between objects and events is 
that events are intrinsically more dynamic: As time unfolds 
and we acquire new information, our understanding of the 
past is transformed. New chapters of our lives, or of human 
history (see Teigen et al., 2017), may be recognized only in 
retrospect. This is true on short timescales as well as long 
ones. For instance, events after an ambiguous collision can 
cause a prior event to appear more causal in retrospect (Choi 
& Scholl, 2006). Whether or not the dynamic reshaping of 
events in memory is of any consequence remains to be seen, 
however; this is another matter for future work.

Despite these differences, it is clear that the relationship 
between the representation of objects and events is an impor-
tant one. After all, these concepts bear on the nature of our 
experience itself—how it is that the complex, noisy world 
around us is carved into discrete perceptions of space and 
time. That objects and events exert similar influence on our 
perceptual experience—in ways that are substantially and 
readily perceptible in simple demonstrations!—is a testa-
ment to their enduring similarity.

Conclusion

Everything that we do and everything that we experience is 
inexorably influenced by the gravity of objects and events. Here, 
we have reviewed dozens of distortions of space and time that 
result directly from it, many of which appear to be clear analogs 
of one another. Similarities in the representation of objects and 
events point to an underlying cognitive architecture that repre-
sents the world in discrete units, perhaps with some common 
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systems that extend across modalities and domains. Even so, 
there remain subtle differences between objects and events—
and the distortions that arise from them—that foreshadow many 
inspiring questions yet unanswered.

Authors contributions  Equal.

Funding  Not applicable.

Availability of data and materials  Not applicable.

Code availability  Not applicable.

Declarations 

Conflicts of interest  None.

Ethics approval  Not applicable.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Appelle, S. (1972). Perception and discrimination as a function of 
stimulus orientation: The “oblique effect” in man and animals. 
Psychological Bulletin, 78, 266–278.

Baker, N., Vushaj, A., Friebel, W., & Yahng, J. (2024). Is object-based 
warping solely object-based? Journal of Experimental Psychol-
ogy: Human Perception and Performance, 50(6), 605–625.

Bangert, A. S., Kurby, C. A., Hughes, A. S., & Carrasco, O. (2020). 
Crossing event boundaries changes prospective perceptions of 
temporal length and proximity. Attention, Perception & Psycho-
physics, 82(3), 1459–1472.

Bartlett, F. C. (1932). Remembering: A study in experimental and 
social psychology. Cambridge University Press.

Bonds, A. B. (1982). An “oblique effect” in the visual evoked potential 
of the cat. Experimental Brain Research, 46, 151–154.

Choi, H., & Scholl, B. J. (2006). Perceiving causality after the fact: 
Postdiction in the temporal dynamics of causal perception. Per-
ception, 35(3), 385–399.

Clewett, D., Gasser, C., & Davachi, L. (2020). Pupil-linked arousal 
signals track the temporal organization of events in memory. 
Nature Communications, 11(1), 4007.

Coren, S., & Girgus, J. S. (1980). Principles of perceptual organi-
zation and spatial distortion: The gestalt illusions. Journal of 

Experimental Psychology: Human Perception and Performance, 
6(3), 404–412.

De Freitas, J., Liverence, B. M., & Scholl, B. J. (2014). Attentional 
rhythm: A temporal analogue of object-based attention. Journal 
of Experimental Psychology: General, 143(1), 71–76.

DuBrow, S., & Davachi, L. (2013). The influence of context bounda-
ries on memory for the sequential order of events. Journal of 
Experimental Psychology: General, 142(4), 1277.

DuBrow, S., & Davachi, L. (2016). Temporal binding within and 
across events. Neurobiology of Learning and Memory, 134, 
107–114.

DuBrow, S., Sherman, B. E., Meager, M. R., & Davachi, L. (2024). 
Medial temporal lobe damage impairs temporal integration in 
episodic memory. Journal of Cognitive Neuroscience, 36(11), 
2302–2316.

Eagleman, D. M. (2008). Human time perception and its illusions. 
Current Opinion in Neurobiology, 18(2), 131–136.

Essock, E. A. (1980). The oblique effect of stimulus identification con-
sidered with respect to two classes of oblique effects. Perception, 
9, 37–46.

Ezzyat, Y., & Davachi, L. (2014). Similarity breeds proximity: 
Pattern similarity within and across contexts is related to later 
mnemonic judgments of temporal proximity. Neuron, 81(5), 
1179–1189.

Feldman, J. (2007). Formation of visual “objects” in the early com-
putation of spatial relations. Perception & Psychophysics, 69(5), 
816–827.

Flexser, A. J., & Bower, G. H. (1974). How frequency affects recency 
judgments: A model for recency discrimination. Journal of Exper-
imental Psychology, 103(4), 706–716.

Goh, R. Z., Phillips, I. B., & Firestone, C. (2023). The percep-
tion of silence. Proceedings of the National Academy of 
Sciences of the United States of America, 120(29), Article 
e2301463120.

Goh, R. Z., Zhou, H., Firestone, C., & Phillips, I. (2025). Event-based 
warping: A relative distortion of time within events. Journal of 
Experimental Psychology: General, 54(11), 2981–2989. https://​
doi.​org/​10.​1037/​xge00​01798

Graves, K. N., Antony, J. W., & Turk-Browne, N. B. (2020). Finding 
the pattern: On-line extraction of spatial structure during virtual 
navigation. Psychological Science, 31(9), 1183–1190.

Graves, K. N., Sherman, B. E., Huberdeau, D., Damisah, E., Quraishi, 
I. H., & Turk-Browne, N. B. (2022). Remembering the pattern: 
A longitudinal case study on statistical learning in spatial naviga-
tion and memory consolidation. Neuropsychologia, 174, Article 
108341.

Heusser, A. C., Ezzyat, Y., Shiff, I., & Davachi, L. (2018). Perceptual 
boundaries cause mnemonic trade-offs between local bound-
ary processing and across-trial associative binding. Journal of 
Experimental Psychology: Learning, Memory, and Cognition, 
44(7), 1075.

Hintzman, D. L. (1988). Judgments of frequency and recognition mem-
ory in a multiple-trace memory model. Psychological Review, 
95(4), 528–551.

Hintzman, D. L. (2004). Judgment of frequency versus recognition 
confidence: Repetition and recursive reminding. Memory & Cog-
nition, 32, 336–350.

Hintzman, D. L. (2005). Memory strength and recency judgments. 
Psychonomic Bulletin & Review, 12, 858–864.

Hintzman, D. L. (2010). How does repetition affect memory? Evi-
dence from judgments of recency. Memory & Cognition, 38, 
102–115.

Holden, M. P., Curby, K. M., Newcombe, N. S., & Shipley, T. F. (2010). A 
category adjustment approach to memory for spatial location in natural 
scenes. Journal of Experimental Psychology: Learning, Memory, and 
Cognition, 36(3), 590–604.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1037/xge0001798
https://doi.org/10.1037/xge0001798


	 Psychonomic Bulletin & Review           (2026) 33:98    98   Page 16 of 16

Holden, M. P., Newcombe, N. S., & Shipley, T. F. (2013). Loca-
tion memory in the real world: Category adjustment effects in 
3-dimensional space. Cognition, 128(1), 45–55.

Huttenlocher, J., Hedges, L. V., & Duncan, S. (1991). Categories and 
particulars: Prototype effects in estimating spatial location. Psy-
chological Review, 98(3), 352–376.

Intraub, H., & Richardson, M. (1989). Wide-angle memories of close-
up scenes. Journal of Experimental Psychology: Learning, Mem-
ory, and Cognition, 15(2), 179–187.

Kundt, A. (1863). Untersuchungen über Augenmaass und optische 
Täuschungen [Studies on visual perception and optical illusions]. 
Annalen der Physik, 196, 118–158.

Langlois, T. A., Jacoby, N., Suchow, J. W., & Griffiths, T. L. 
(2021). Serial reproduction reveals the geometry of visuos-
patial representations. Proceedings of the National Academy 
of Sciences of the United States of America, 118(13), Article 
e2012938118.

Lebed, A. (2022). Distortions of spatial perception due to the pres-
ence of objects [Doctoral dissertation, University of Delaware]. 
ProQuest Dissertations & Theses Global.

Lebed, A., Scanlon, C., & Vickery, T. J. (2023). Expansion and 
compression of space within and beyond the boundaries of 
an object. Attention, Perception, & Psychophysics, 85(2), 
387–403.

Lee, S. H. Y., Ji, Y., & Papafragou, A. (2024). Signatures of individua-
tion across objects and events. Journal of Experimental Psychol-
ogy. General, 153(8), 1997–2012.

Liverence, B. M., & Scholl, B. J. (2012). Discrete events as units of 
perceived time. Journal of Experimental Psychology. Human Per-
ception and Performance, 38(3), 549–554.

Makovski, T. (2017). The open-object illusion: Size perception is 
greatly influenced by object boundaries. Attention, Perception, & 
Psychophysics, 79(5), 1282–1289.

Marino, A. C., & Scholl, B. J. (2005). The role of closure in defining 
the “objects” of object-based attention. Perception & Psychophys-
ics, 67(7), 1140–1149.

Meyerhoff, H. S., Vanes, L. D., & Huff, M. (2015). Spatiotemporal 
predictability alters perceived duration of visual events: Memento 
effect revisited. Journal of Experimental Psychology. Human Per-
ception and Performance, 41(3), 613–622.

Mikellidou, K., & Thompson, P. (2014). Crossing the line: Estimations 
of line length in the Oppel-Kundt illusion. Journal of Vision, 14, 
1–10.

Nelson, R., & Palmer, S. E. (2001). Of holes and wholes: The percep-
tion of surrounded regions. Perception, 30(10), 1213–1226.

New, J. J., & Scholl, B. J. (2009). Subjective time dilation: Spatially 
local, object-based, or a global visual experience? Journal of 
Vision, 9(2), 1–11.

Ongchoco, J. D. K., Yates, T. S., & Scholl, B. J. (2023). Event segmen-
tation structures temporal experience: Simultaneous dilation and 
contraction in rhythmic reproductions. Journal of Experimental 
Psychology: General, 152(11), 3266.

Papafragou, A., & Ji, Y. (2023). Events and objects are similar cogni-
tive entities. Cognitive Psychology, 143, Article 101573.

Posner, M. I., & Keele, S. W. (1968). On the genesis of abstract ideas. 
Journal of Experimental Psychology, 77(3p1), 353–363.

Rivera-Aparicio, J., & Firestone, C. (2018). Vision science at the bar: 
The role of closure in a powerful geometric illusion. Journal of 
Vision, 18(10), 1318–1318.

Scholl, B. J. (2001). Objects and attention: The state of the art. Cogni-
tion, 80(1/2), 1–46.

Sherman, B. E., DuBrow, S., Winawer, J., & Davachi, L. (2023). Mne-
monic content and hippocampal patterns shape judgments of time. 
Psychological Science, 34(2), 221–237.

Sherman, B. E., & Yousif, S. R. (2025). An illusion of time caused 
by repeated experience. Psychological Science, 36(4), 278–295.

Singhal, I., & Srinivasan, N. (2022). A wrinkle in and of time: Contrac-
tion of felt duration with a single perceptual switch. Cognition, 
225, Article 105151.

Sheth, B. R., & Shimojo, S. (2001). Compression of space in visual 
memory. Vision Research, 41(3), 329–341.

Soja, N. N., Carey, S., & Spelke, E. S. (1991). Ontological categories 
guide young children’s inductions of word meaning: Object terms 
and substance terms. Cognition, 38, 179–211.

Teigen, K. H., Böhm, G., Bruckmüller, S., Hegarty, P., & Luminet, O. 
(2017). Long live the king! Beginnings loom larger than endings 
of past and recurrent events. Cognition, 163, 26–41.

Thomas, E. C., & Brown, I. (1974). Time perception and the filled-
duration illusion. Perception & Psychophysics, 16(3), 449–458.

Tse, P. U., Intriligator, J., Rivest, J., & Cavanagh, P. (2004). Attention 
and the subjective expansion of time. Perception & Psychophys-
ics, 66(7), 1171–1189.

VanMarle, K., & Scholl, B. J. (2003). Attentive tracking of objects 
versus substances. Psychological Science, 14(5), 498–504.

Vickery, T. J., & Chun, M. M. (2010). Object-based warping: An illu-
sory distortion of space within objects. Psychological Science, 
21(12), 1759–1764.

Wearden, J. H., Norton, R., Martin, S., & Montford-Bebb, O. (2007). 
Internal clock processes and the filled-duration illusion. Journal of 
Experimental Psychology. Human Perception and Performance, 
33(3), 716–729.

Wellwood, A., Hespos, S. J., & Rips, L. (2018). How similar are objects 
and events? Acta Linguistica Academica, 65(2–3), 473–501.

Wen, T., & Egner, T. (2022). Retrieval context determines whether 
event boundaries impair or enhance temporal order memory. Cog-
nition, 225, Article 105145.

Wen, C., Yousif, S. R., & Sherman, B. E. (2026). Unfolding event 
structure distorts subjective time. Cognition, 267, Article 106354.

Yates, T. S., Sherman, B. E., & Yousif, S. R. (2023). More than a 
moment: What does it mean to call something an ‘event’? Psy-
chonomic Bulletin & Review, 30(6), 2067–2082.

Yousif, S. R., Chen, Y. C., & Scholl, B. J. (2020). Systematic angular 
biases in the representation of visual space. Attention, Perception, 
& Psychophysics, 82(6), 3124–3143.

Yousif, S. R., Forrence, A. D., & McDougle, S. D. (2024a). A common 
format for representing spatial location in visual and motor work-
ing memory. Psychonomic Bulletin & Review, 31(2), 697–707.

Yousif, S. R., & Keil, F. C. (2021). The shape of space: Evidence for 
spontaneous but flexible use of polar coordinates in visuospatial 
representations. Psychological Science, 32(4), 573–586.

Yousif, S. R., Lee, S. H. Y., Sherman, B. E., & Papafragou, A. (2024b). 
Event representation at the scale of ordinary experience. Cogni-
tion, 249, Article 105833.

Yousif, S. R., & McDougle, S. D. (2024). Oblique warping: A general 
distortion of spatial perception. Cognition, 247, Article 105762.

Yousif, S. R., & Scholl, B. J. (2019). The one-is-more illusion: Sets of 
discrete objects appear less extended than equivalent continuous 
entities in both space and time. Cognition, 185, 121–130.

Zou, F., & Kuhl, B. A. (2024). Time after time: Preserving temporal 
memories when experiences repeat. Journal of Cognitive Neuro-
science, 36(11), 2357–2367.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Distortions of space and time in and around objects and events
	Abstract
	Defining objects and events
	Distortions of space in and around objects
	Distortions of one-dimensional space around the bounds of an object
	Distortions of multidimensional space

	Distortions of time in and around events
	Distortions of time caused by the bounds of an event: Analogs to object-based effects
	Distortions of time by event hierarchy

	Object and events, space, and time—Inextricably intertwined?
	Conclusion
	References


