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Canonical Neural Computations 
(Carrandini and Heeger, Nature Reviews Neuroscience 2011) 

 
Certain computations may be necessary  

to most if not all brain function 
 

Examples: 
 

Exponentiation 
Linear Filtering 

Divisive Normalization 



Adaptation 
 

Matching neural responses to the  
current stimulus environment 



e.g. light adaptation 







+





The many facets of adaptation 
 
 

“The Psychologist’s Electrode” 
 

Adaptation produces selective changes in perception 
 

These can be used to probe the neural mechanisms of 
vision 

 
 



 
 

e.g. Light adaptation is selective for the color  
of the light, revealing the sensitivities of the cones 



 
 



 
Adaptation across the visual hierarchy 

 
Adaptation operates in functionally similar ways at all 

levels of sensory coding. 
 

And often points to common design principles.  



Adaptation and face perception 





A demonstration of face adaptation 



A demonstration of face adaptation 



A demonstration of face adaptation 
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The adaptation partly occurs at object- and possibly  
face-specific loci 

Watson and Clifford 2003 



Adaptation to Natural Variations in 
Faces 

 
eg: gender, expression, ethnicity 
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male female 
http://i.imgur.com/opNnoOx.gif 



Other examples of “high-level” aftereffects 
 

Biological motion Scene affordances Viewpoint 

Gaze direction audio-visual 
sychrony 

Accents and voices 



Adaptation and visual experience 
 

Adaptation plays a fundamental role in  
setting perceptual norms and controlling 

visual salience 
 



“It	is	a	laboured	truth	that	all	things	and	
experiences	are	compara6ve.”	

Slavomir	Rawicz	



Lilac chaser by Jeremy Hinton 

Much of what we notice about the world is probably a visual  
aftereffect – how the world differs from our (adapted) expectations  



hue 

saturation 

colors are coded by how they differ from gray 



http://i.imgur.com/opNnoOx.gif 



identity 

strength 

Parallels between face coding and color coding 



identity 

strength 

e.g. caricatures exaggerate how an individual differs from the average  



“Fitting the mind to the world” 
 

Adaptation adjusts the brain to the environment 
 
 



 
To what extent do we see the world the same? 

 
The answer depends in part on how we are adapted. 

 
e.g. the “same” observers adapted to different worlds 

will see their worlds differently 
 



after adapting to lush scenes after adapting to arid scenes 

lush environment arid environment 



Color differences predicted by adaptation to different environments 
are similar in magnitude to observed differences across populations 

Webster Vision Res 2014 



 
To what extent do we see the world the same? 

 
The answer depends in part on how we are adapted. 

 
e.g. “Different” observers adapted to the same world 

will tend to see the world the same 



Changes in lens pigmentation with aging  



Color changes predicted by lens density changes 
as seen by  

young observer 
image filtered through  

lens of older eye 



Color changes predicted by lens density changes 
as seen by  

young observer 
image filtered through  

lens of older eye 
as seen by older observer 

adapted to their lens 



Spectral sensitivity before (red) and 
after (green) cataract surgery 

Delahunt et al. Visual Neuroscience 2004 
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Changes in the achromatic locus following surgery 
reveal a very slow recovery. 
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A demonstration of adaptation to blur 







Perceived focus and blur adaptation are set by the eye with better image quality 

Radhakrishnan et al. Current Biology 2015 

Adaptation and optical aberrations 
 
 



Why	adapt?	
	
1. Matches	responses	to	the	s3mulus	

 



Range	of	light	levels	
1	 1010	

1	

100	

re
sp
on

se
	ra

ng
e	

e.g.	dark	adapt	in	dim	light	

ambient	
light	range	
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e.g.	light	adapt	in	bright	light	

ambient	
light	range	



Why	adapt?	
	
2.	Perceptual	constancy	
	
remove	response	to	irrelevant	varia3ons	
 

 



Observer	1	 Observer	1	

White	Illuminant	 Red	Illuminant	

 
 

e.g.	color	constancy:	remove	effect	of	ligh3ng	change	
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Why	adapt?	
	
3.	Correct	errors	
	
Adjust	visual	system	to	be	consistent	with	
Expected	proper3es	
	
e.g.	to	correct	for	op3cal	or	neural	limits	
 



Why	adapt?	
	
4.	Form	of	learning	to	increase	efficiency	
	
Adapt	to	current	world	so	that	new	things	
are	more	obvious	

 



Visual search in adapted environments 



Conclusions	
	

1.  Adapta3on	is	intrinsic	to	neural	responses	and	
	manifest	at	all	stages	of	neural	processing	

	

2.	Adap3ve	adjustments	serve	a	variety	of	related		
	func3ons	

	

3.	Adapta3on	adjusts	sensi3vity	and	appearance 		
	for	most	perceptual	aOributes		

	

4.	These	adapta3on	effects	are	important	for	
	understanding	how	percep3on	adjusts	to	
	changes	in	the	environment	or	the	observer	

 
Support:	NIH	EY10834	


