
Illusions of size
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The Muller-Lyer illusion



Is it about depth perception?







The “Carpentered 
world hypothesis”



The “Carpentered 
world hypothesis”

How can you 
test it?





The Ebbinghaus illusion



The 
Ponzo 
illusion



Speaking of the moon….



The moon illusion



Let’s talk about illusions 
you’ve not seen before.



Which two dots are farther apart?



Object-based warping







The one-is-more illusion



The one-is-more illusion



The one-is-more illusion



The one-is-more illusion



Illusions of size are more 
common than you think…





The left page is larger than the right page, by how much?









The left page is twice as large as the right page…



…or is it?



“A potential explanation might be the general incapability of accurately 
comparing more than one geometrical dimension at once — in everyday 
life, we solve this perceptual-cognitive bottleneck by reducing the 
complexity of such a task via aligning parts with same lengths.” 

– Carbon, 2016



Which has more cumulative area?
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What about perceived area?
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The same rules apply 

in a 3D world!
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Illusions of color

Sami Ryan Yousif



the dressthe dress







The visual system distinguishes 
between light and color.

unconscious inference



(Daddy) Hermann von Helmholtz

[Visual perception] is the result 

of an unconscious and involuntary 

activity; and for this very reason 

it strikes our consciousness as a 

foreign and overpowering force

of nature. 

(1856/1925, p. 117)





A simple inference…



Color constancy













Color 
constancy is 
everywhere!

Color 
constancy is 
everywhere!



For context, a crash 

course…









Recognition!



Action!







Big question: Where 

do these illusions occur?



+



Color
adaptation+



+

Ignaz Troxler (1780-1866)



Illusions of Motion

Sami Ryan Yousif











































Illusions of motion 

also occur naturally!







“Phi phenomenon / 

apparent motion”



The visual system distinguishes 
between light and color.

unconscious inference





But motion illusions are 

so much more than this!



Color
adaptation+











Motion-induced blindness!



Motion-induced blindness!

A perceptual scotoma?















Illusions of number
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The regular-random illusion

Ginsburg, 1976





“receptive field?”



The coherence illusion

DeWind et al., 2020







How is number perceived?



Number is perceived indirectly

It is inferred or constructed

Not a primitive, but an output

Number is perceived directly

It is processed early in cortex

Acts as a perceptual primitive

‘Domain-
specific view’

‘Domain-
general view’









“Congruency effects”



“General Magnitude 
Theory” / “A Theory of 
Magnitude” (ATOM)



Stroop effect



Numerical Stroop effect



The crowd size illusion

Waterhouse & Yousif, 2025



The crowd size illusion

Waterhouse & Yousif, 2025

But that’s not all…



The crowd size illusion

Waterhouse & Yousif, 2025



The connectedness illusion

Franconeri et al., 2009; 
He et al., 2009



Let’s talk about objects.
(and attention)



object-based attention



object-based attention



object-based attention



object-based attention



object-based attention

perceived number!



It’s not just about (overt) connections!

Yu et al., 2019



We’ve encountered object-based 
attention before!



Object-based warping



The one-is-more illusion



The one-is-more illusion





+



+



+Number
adaptation?!





But wait!



‘Old news’ hypothesis



‘Old news’ hypothesis

Two quick proofs of concept.
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What if locations are constant…
…but colors change?
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The visual system is sensitive to the 
‘newsworthiness’ of information!



What about reverse adaptation?



+



+



To see more: cogdevlab.org/number-adaptation/



To see more: cogdevlab.org/number-adaptation/



Food for thought:



Food for thought:

1. I mentioned that the domain-specific number encoding 
theory is dominant despite the evidence against it. Why?



Food for thought:

1. I mentioned that the domain-specific number encoding 
theory is dominant despite the evidence against it. Why?

2. Should we believe that number adaptation is genuine 
and/or like other kinds of adaptation? Why or why not?



Food for thought:

1. I mentioned that the domain-specific number encoding 
theory is dominant despite the evidence against it. Why?

2. Should we believe that number adaptation is genuine 
and/or like other kinds of adaptation? Why or why not?

3. What makes number worth talking about?



Illusions 
of faces Sami Ryan Yousif



The Muller-Lyer illusion



The “Carpentered 
world hypothesis”

















faces



Pareidolia

“partial hallucination”



Faces are perhaps the 

most important stimulus 
we regularly encounter.



Which of the following 
faces is more trustworthy?







attractiveness

likeability

trustworthiness

competence

aggressiveness



“Thin slicing”



“Thin slicing”

This is more 
consequential than 
you might think!







Which of the following faces is 
more attractive?



Peshek et al., 2011



Axelsson et al., 2018



Axelsson et al., 2018



Also, faces are weird.





Face-inversion effect





Thatcher effect





Composite face illusion



Prosopagnosia







Continuous 
variation!















attractiveness

likeability

trustworthiness

competence

aggressiveness



One more thing: 
Watch carefully.



Hollow face illusion



Food for thought:



Food for thought:

1. For number we talked about domain-specific vs. domain-
general coding. What about faces?

2. Should we believe that face adaptation is genuine and/or 
like other kinds of adaptation? Why or why not?

3. Are our judgments about faces accurate?



Illusions of sound



Illusions of faces: 

Addendum











Shepard tone



Risset Rhythm





Speech-to-song 

illusion



The one-is-more illusion





Illusions 
of faces Sami Ryan Yousif



McGurk Effect



McGurk Effect

A cross-modal 

illusion!



A related phenomenon (thanks TikTok!)





The opposite is also true: 

Semantic satiation.



Spoken language is much more 

ambiguous than we realize!



We [fɪl] in the gaps with 

our prior knowledge 







Food for thought:

1. We are mostly unaware of all the ambiguities in sound that 
we just discussed. How/why?

2. Are there any really obvious ways in which sound 
perception is not analogous to visual perception?

3. What is the deal with music?



timeIllusions 
of

Sami Ryan Yousif



The one-is-more illusion





Effects like the one-is-more illusion 

suggest deep connections between 

vision and audition, between the 

processing of space and time



Object-based warping







Other interactions between space 
and time.

Which is further? Green -> Blue or 
Blue -> Red?





The inverse…





Interactions between time and memory









“Our everyday experiences convey a powerful truth: Our perception of time often 

diverges from the reality of time. When enjoying an active vacation with family, time 

moves quickly: Hours go by in minutes. When sitting through an unnecessary 

meeting, time moves slowly: Minutes go by in hours. What is the origin of these 

phenomenologically compelling illusions of time perception? Past research has 

examined how a range of specific factors, from emotions to blinking, contributes to the 

distortion of time. Here, in contrast, we evaluated how the content and accessibility of 

our memories shape time perception. We show that context shifts, known to disrupt 

memory processing, also lead to robust contractions of perceived time.”



Events

Time







Events : time :: objects : space

Object-based attentionAttentional rhythm





Events

Time





“The North secedes from the Seven 
Kingdoms and proclaims Robb as king.”



Game of Thrones

Robust temporal expansion











“storage size” hypothesis





5 buffers at the beginning 

     of each block

5 buffers at the end 

     of each block

Alternating fillers and targets

     for the middle 40 images

…

…

Encoding phase
Did you see this image before?

When did you see it FIRST?

Testing phase

OR

Which image did you see FIRST?









Food for thought:

1. For number and faces we talked about domain-specific vs. 
domain-general coding. What about time?

2. Time perception seems really important! Why are we so bad 
at it?

3. What other factors influence perceived time?



Illusions of everything 
(Part I)

Sami Ryan Yousif



+



+



Color
(e.g., Webster, 1996)

Speed
(e.g., Anton-Erxleben et al., 2013)

Size
(e.g., Yousif & Clarke, 2024)

Motion
(e.g., Adams, 1834)

Orientation
(e.g., Paradiso et al., 1989)

Causality
(e.g., Rolfs et al., 2013)

Various facial properties
(e.g., Webster et al., 2004)

Travel direction
(Cheng et al., 2024)

Number
(e.g., Burr & Ross, 2008; 

Yousif et al., 2024)

We “adapt” to all sorts of things!



But adaptation is more 
than a visual curiosity!



Adaptation is a distinctive marker of perceptual content – thus 
a litmus test for divining what features are perceptual in nature.



Adaptation-like effects are said to pervade human 
judgment, with weighty social consequences.



Adaptation is a fundamental property of biological systems, 
and, therefore, a critical tool for studying the brain. 



Thus: claims about adaptation 
are consequential!





But I didn’t tell you everything!











This is weird, because other times, 
adaptation is highly fragile!





To see more: cogdevlab.org/number-adaptation/



Repulsivity? Phenomenology? Retinotopy? Spatiotopy? Bidirectionality? Attention? Cross-modal? Cross-stimulus?

Color — — —

Motion — — —

Orientation ? ? — —

Speed ? ? — —

Facial 
features

X — — —

Causality X * * — — —

Number ? X ? X ? ?

Size X X ? ? ? — —

Variance X — — —

Repetition 
suppression

X X X — —

PICC X — — — — —

Serial 
depend.

X X X —

Rand. # gen. X — — — —

=Yes; X=No; ?=Conflicting evidence; —=Insufficient evidence

“Adaptation is not a unified kind”. 



Adaptation to value?





+



+



The idea is that perceptual 

adaptation to value isn’t possible.
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How far does this go?



Helton (2016)



Is adaptation really just a 

perceptual phenomenon?



Illusions of everything 
(Part II)

Sami Ryan Yousif



Top o-down effects



Top o-down effects

A top-down effect is any case where what 
you think affects what you perceive.



A famous example…

Wearing a heavy backpack alters your affordances, 
thereby making the hill look steeper. Presumably, this 

is your visual system saying, “Don’t climb this hill!”





• Body size influences size perception

• Emotional arousal influences height perception

• Field goal kicking performance influences size perception

• Sentences about faces affects face perception

• Glucose levels influence slant perception

• Social closeness influence spatial perception

• Parkour ability influences height perception

• Tool use influences distance perception

• Object knowledge influences color perception

• Threat influences distance perception

• Imagining danger influences distance perception

But it isn’t just hills and steepness…



• Object knowledge influences color perception

• Threat influences distance perception

• Imagining danger influences distance perception

• Ease of blocking a ball influences speed perception

• Social comparison influences face perception

• “Illusory ownership of a virtual child body” influences size perception (???)

• “The presence of comrades decreases… formidability of an opponent” (???)

• Age influences distance perception (of walks)

• Morality influences perceptual pop-out

• Political leaning influences the perception of Obama’s skin color

• Social power influences weight perception

• Self-affirmation influences distance perception

• Revealing secrets influences slant perception

But it isn’t just hills and steepness…



To make sense of top-down effects, 
we need to understand modularity.



In the broadest sense, modularity refers to the simple 
fact that the mind has parts, not unlike your computer 

has different apps and programs (Fodor, 1983) 



1. Domain specificity

2. Mandatory operation

3. Limited central accessibility

4. Fast processing

5. Informational encapsulation*

6. ‘Shallow’ outputs

7. Fixed neural architecture 

8. Characteristic and specific breakdown patterns

9. Characteristic ontogenetic pace and sequencing

Nine characteristics of modularity…

*Oft discussed as the most important feature of modularity, and sometimes discussed 
in terms of “(im)penetrability” rather than “encapsulation” (see Pylyshyn, 1999)



Informational encapsulation*

“Cognitive impenetrability of visual perception!” 
– Pylyshyn, 1999





perception vs. cognition
seeing vs. thinking



• An overly confirmatory research strategy

• Perception vs. judgment

• Demand and response bias

• Low-level differences

• Peripheral attentional effects

• Memory and recognition

Six pitfalls:



• Is there a clear divide between perception / 
cognition?

• Are there any counterexamples to modularity?

• Are there other clear pieces of mind?

• Are other parts of the mind modular? Is any part?

• Hallucination??

Food for thought:



Illusions of Memory

Sami Ryan Yousif















Illusions of Memory



What’s your 
earliest memory?











It isn’t just our visual 
memories that are “hi-def”!



“Rosy Retrospection”



“Rosy Retrospection”

Temporal Adjustments in the 
Evaluation of Events: The “Rosy View”
In a series of three investigations we examined people's anticipation of, actual 
experiences in, and subsequent recollection of meaningful life events: a trip to Europe, a 
Thanksgiving vacation, and a 3-week bicycle trip in California. The results of all three 
studies supported the hypothesis that people's expectations of personal events are more 
positive than their actual experience during the event itself, and their subsequent 
recollection of that event is more positive than the actual experience. The “rosy view” 
phenomenon is associated with an increase in the number of negative thoughts during 
the event which seem to be caused by distractions, disappointment, and a less positive 
view of the self. However, these effects are short-lived; within days after the event, 
people have much more positive evaluations of the event. We discuss alternative 
interpretations for our findings and implications for group and organizational settings.

Mitchell et al., 1997



Our memories aren’t nearly 
as reliable as we think!



For example: Where was 
the mushroom?



Where was the 
mushroom?



Where was the 
mushroom?

What did you see?

vs.







Did you ever get lost in the mall?









Mandela effect:

Vivid, shared 
false memories.





UNC alum – PhD, 2011



“Serial reproduction”

















Memory errors 
are a tool!



Present

Absent, 
Same topology

Absent, 
Diff. topology

0 0.2 0.4 0.6 0.8

Proportion ‘Yes’

4000ms

1000ms

“Was this one of the 
items you saw before?”

This is an illusion of memory!



Imagine that all of your memories are 
distorted as robustly and systematically



What would that mean 
about what you know?



We must be epistemically vigilant.
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