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Chapter II. The Travels of a Photon: Natural Image 
Statistics and the Retina 
 
Supplementary contents at http://bit.ly/3aeW07Z 
 
(Stryer 1996, Wade 1998) 

2.1. Natural images are special 
 
(Attneave 1954, David et al 2004, Felsen & Dan 2005, Lettvin et al 1968, Li 2014, 
Okazawa et al 2015, Pamplona et al 2013, Sanchez-Giraldo et al 2019, Schwartz 
& Simoncelli 2001, Simoncelli & Olshausen 2001, van der Schaaf & van Hateren 
1996)  
 

2.2. Efficient coding by allocating more resources where they are 
needed 

 
(Attneave 1954, Barlow 1972, Barlow 1953, Barlow 1958, Brenner et al 2000, 
Brunel & Nadal 1998, Dan et al 1996, Fairhall et al 2001, Ganguli & Simoncelli 
2014, Hecht et al 1942, Laughlin et al 1998, Olshausen & Field 2004, Olshausen 
& Field 1996, Simoncelli & Olshausen 2001, Smirnakis et al 1997, Smith & 
Lewicki 2006) 

2.3. The visual world is slow 
   
(Foldiak 1991, Stringer et al 2006, Wiskott & Sejnowski 2002) 

2.4. We continuously move our eyes 
 
(Andrews & Coppola 1999, Coppola & Purves 1996, Ditchburn & Protchard 1960, 
Engbert & Kliegl 2003, Irwin et al 1983, Itti & Koch 2001, Klein 2000, Kowler 
2011, Martinez-Conde & Macknik 2016, Martinez-Conde et al 2004, Martinez-
Conde et al 2006, Najemnik & Geisler 2005, O'Regan & Levy-Schoen 1983, 
Rayner 1998, Robinson 1964, Ross et al 2001, Tatler et al 2011, Wurtz 2008, 
Yarbus 1967, Zhang et al 2018) 

2.5. The retina extracts information from light 
 
(Anstis 1974, Barlow 1958, Baylor et al 1979, Darwin 1859, Dowling 2012, Field 
et al 2010, Hartline 1938, Hecht et al 1942, Helmstaedter et al 2013, Joesch & 
Meister 2016, Lee 2002, Masland 2012, Nathans 1989, Nathans et al 1986, 
Ramon y Cajal 1906, Rizzo et al 2003, Sachse et al 2017, Sacks 1997, Sakitt 
1972, Sanes & Masland 2015, Stratton 1896, Tinsley et al 2016, Weiland et al 
2005, Winter et al 2007, Yau 1994) 
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2.6. It takes time for information to reach the optic nerve 
	

(Berry et al 1999, Gollisch & Meister 2008, Levick 1973, Meister & Berry 1999) 

2.7. Visual neurons respond to a specific region within the visual field 
 
(Anstis 1974, Barlow 1953, Gollisch & Meister 2008, Hartline 1938, Keat et al 
2001, Kuffler 1953, Meister et al 1995, Pillow et al 2008, Sanes & Masland 2015, 
Warland et al 1997, Watson 2014) 

2.8. The difference-of-Gaussians operator extracts salient information 
and discards uniform surfaces 

 
(Barlow 1953, Barlow 1958, Brivanlou et al 1998, Dayan & Abbott 2001, Meister 
& Berry 1999, Shapley & Victor 1978) 
 

2.9. Visual neurons show transient responses 
 

(Berry et al 1999, Dayan & Abbott 2001, Helmstaedter et al 2013, Koch et al 
1982, Masland 2012, Sanes & Masland 2015, Wandell 1995) 
 

2.10. Onto the rest of the brain 
 
(Douglas & Martin 2004, Felleman & Van Essen 1991, Gross 1994, Jones 2006, 
Piscopo et al 2013, Sherman 2001, Sherman & Guillery 2006, Stanley et al 1999) 
(Alonso et al 1996, Dan et al 1998, Marshel et al 2012, Reinagel 2001, Stanley et 
al 1999, Sur et al 1988, Usrey et al 1998, von Melchner et al 2000, Wikipedia 
2020) 

2.11. Digital cameras versus the eye 
(Gu et al 2020, Mahowald & Mead 1991) 

2.12. References 
 
Alonso	 J,	 Usrey	W,	 Reid	 R.	 1996.	 Precisely	 correlated	 firing	 in	 cells	 of	 the	 lateral	

geniculate	nucleus.	Nature	383:	815-19	
Andrews	 TJ,	 Coppola	 DM.	 1999.	 Idiosyncratic	 characteristics	 of	 saccadic	 eye	

movements	when	viewing	different	visual	environments	Vision	research	39:	
6	

Anstis	 SM.	 1974.	 Letter:	 A	 chart	 demonstrating	 variations	 in	 acuity	 with	 retinal	
position.	Vision	research	14:	589-92	

Attneave	F.	1954.	Some	informational	aspects	of	visual	perception.	Psychol	Rev	61:	
183-93	

Barlow	 H.	 1972.	 Single	 units	 and	 sensation:	 a	 neuron	 doctrine	 for	 perception.	
Perception	1:	371-94	



Biological	and	Computer	Vision	 	 Gabriel	Kreiman	
Chapter	II	 	 2020	

	 3	

Barlow	 HB.	 1953.	 Summation	 and	 inhibition	 in	 the	 frog's	 retina.	 The	 Journal	 of	
physiology	119:	69-88	

Barlow	 HB.	 1958.	 Temporal	 and	 spatial	 summation	 in	 human	 vision	 at	 different	
background	intensities.	The	Journal	of	physiology	141:	337-50	

Baylor	D,	Lamb	T,	Yau	K.	1979.	Responses	of	retinal	rods	to	single	photons.	Journal	
of	Physiology	288:	613-34	

Berry	MJ,	 2nd,	 Brivanlou	 IH,	 Jordan	 TA,	 Meister	 M.	 1999.	 Anticipation	 of	 moving	
stimuli	by	the	retina.	Nature	398:	334-8	

Brenner	 N,	 Bialek	 W,	 de	 Ruyter	 van	 Steveninck	 R.	 2000.	 Adaptive	 rescaling	
maximizes	information	transmission.	Neuron	26:	695-702	

Brivanlou	 I,	 Warland	 D,	 Meister	 M.	 1998.	 Mechanisms	 of	 concerted	 firing	 among	
retinal	ganglion	cells.	Neuron	20:	527-39	

Brunel	N,	Nadal	 JP.	 1998.	Mutual	 information,	 Fisher	 information,	 and	 population	
coding.	Neural	Comput	10:	1731-57	

Coppola	 D,	 Purves	 D.	 1996.	 The	 extraordinarily	 rapid	 disappearance	 of	 entoptic	
images.	Proceedings	of	the	National	Academy	of	Sciences	of	the	United	States	of	
America	93:	8001-4	

Dan	 Y,	 Alonso	 JM,	 Usrey	 WM,	 Reid	 RC.	 1998.	 Coding	 of	 visual	 information	 by	
precisely	 correlated	 spikes	 in	 the	 lateral	 geniculate	 nucleus.	 Nature	
Neuroscience.	1:	501-07	

Dan	 Y,	 Atick	 JJ,	 Reid	 RC.	 1996.	 Efficient	 coding	 of	 natural	 scenes	 in	 the	 lateral	
geniculate	 nucleus:	 experimental	 test	 of	 a	 computational	 theory.	 Journal	 of	
Neuroscience	16:	3351-62	

Darwin	C.	1859.	On	the	Origin	of	Species.	Castle	Books.		
David	 S,	 Vinje	 W,	 Gallant	 J.	 2004.	 Natural	 Stimulus	 Statistics	 Alter	 the	 Receptive	

Field	Structure	of	V1	Neurons.	The	Journal	of	Neuroscience	24:	15	
Dayan	P,	Abbott	L.	2001.	Theoretical	Neuroscience.	Cambridge:	MIT	Press.		
Ditchburn	R,	Protchard	R.	1960.	Binocular	vision	with	two	stabilized	retinal	images.	

Quarterly	Journal	Experimental	Psychology	12:	26-32	
Douglas	RJ,	Martin	KA.	2004.	Neuronal	circuits	of	the	neocortex.	Annu	Rev	Neurosci	

27:	419-51	
Dowling	 J.	 2012.	 The	 retina.	 An	 approachable	 part	 of	 the	 brain.	 Cambridge,	 MA:	

Harvard	University	Press.		
Engbert	R,	Kliegl	R.	2003.	Microsaccades	uncover	the	orientation	of	covert	attention.	

Vision	research	43:	1035-45	
Fairhall	AL,	Lewen	GD,	Bialek	W,	de	Ruyter	Van	Steveninck	RR.	2001.	Efficiency	and	

ambiguity	in	an	adaptive	neural	code.	Nature	412:	787-92.	
Felleman	DJ,	Van	Essen	DC.	1991.	Distributed	hierarchical	processing	in	the	primate	

cerebral	cortex.	Cerebral	Cortex	1:	1-47	
Felsen	G,	Dan	Y.	2005.	A	natural	approach	to	studying	vision.	Nature	Neuroscience	8:	

1643-6	
Field	 GD,	 Gauthier	 JL,	 Sher	 A,	 Greschner	 M,	 Machado	 TA,	 et	 al.	 2010.	 Functional	

connectivity	 in	 the	 retina	 at	 the	 resolution	 of	 photoreceptors.	Nature	 467:	
673-7	

Foldiak	 P.	 1991.	 Learning	 Invariance	 from	 Transformation	 Sequences.	 Neural	
Computation	3:	194-200	



Biological	and	Computer	Vision	 	 Gabriel	Kreiman	
Chapter	II	 	 2020	

	 4	

Ganguli	D,	 Simoncelli	EP.	2014.	Efficient	 sensory	encoding	and	Bayesian	 inference	
with	heterogeneous	neural	populations.	Neural	Comput	26:	2103-34	

Gollisch	 T,	Meister	M.	 2008.	 Rapid	 neural	 coding	 in	 the	 retina	with	 relative	 spike	
latencies.	Science	319:	1108-11	

Gross	CG.	1994.	How	inferior	temporal	cortex	became	a	visual	area.	Cerebral	Cortex	
5:	455-69	

Gu	 L,	 Poddar	 S,	 Lin	 Y,	 Long	 Z,	 Zhang	 D,	 et	 al.	 2020.	 A	 biomimetic	 eye	 with	 a	
hemispherical	perovskite	nanowire	array	retina.	Nature	581:	278-82	

Hartline	H.	1938.	The	response	of	single	optic	nerve	fibers	of	the	vertebrate	eye	to	
illumination	of	the	retina.	.	American	Journal	of	Physiology	121:	400-15	

Hecht	 S,	 Shlaer	 S,	 Pirenne	M.	 1942.	 Energy,	 quanta	 and	 vision.	 Journal	 of	 General	
Physiology	25:	819-40	

Helmstaedter	 M,	 Briggman	 KL,	 Turaga	 SC,	 Jain	 V,	 Seung	 HS,	 Denk	 W.	 2013.	
Connectomic	reconstruction	of	the	inner	plexiform	layer	in	the	mouse	retina.	
Nature	500:	168-74	

Irwin	 DE,	 Yantis	 S,	 Jonides	 J.	 1983.	 Evidence	 against	 visual	 integration	 across	
saccadic	eye	movements.	Perception	&	psychophysics	34:	49-57	

Itti	L,	Koch	C.	2001.	Computational	modelling	of	visual	attention.	Nat	Rev	Neurosci	2:	
194-203	

Joesch	M,	Meister	M.	2016.	A	neuronal	circuit	 for	colour	vision	based	on	rod-cone	
opponency.	Nature	532:	236-9	

Jones	E.	2006.	The	Thalamus	Revisited.	Cambridge,	UK:	Cambridge	University	Press.		
Keat	J,	Reinagel	P,	Reid	RC,	Meister	M.	2001.	Predicting	every	spike:	a	model	for	the	

responses	of	visual	neurons.	Neuron	30:	803-17.	
Klein	RM.	2000.	Inhibition	of	return.	Trends	Cogn	Sci	4:	138-47	
Koch	C,	Poggio	T,	Torre	V.	1982.	Retinal	ganglion	cells:	a	functional	interpretation	of	

dendritic	 morphology.	 Philosophical	 transactions	 of	 the	 Royal	 Society	 of	
London.	Series	B,	Biological	sciences	298:	227-63	

Kowler	E.	2011.	Eye	movements:	the	past	25	years.	Vision	research	51:	1457-83	
Kuffler	 S.	 1953.	 Discharge	 patterns	 and	 functional	 organization	 of	 mammalian	

retina.	Journal	of	Neurophysiology	16:	37-68	
Laughlin	SB,	van	Steveninck	RRR,	Anderson	JC.	1998.	The	metabolic	cost	of	neural	

information.	Nature	Neuroscience	1:	36-41	
Lee	 C,	 Eglen,	 SJ,	 Wong,	 ROL.	 2002.	 Segregation	 of	 ON	 and	 OFF	 Retinogeniculate	

Connectivity	Directed	by	Patterned	Spontaneous	Activity.	J	Neurophysiol	88:	
2311-21	

Lettvin	 Y,	Maturana	 H,	McCulloch	W,	 Pitts	W.	 1968.	What	 the	 frog's	 eye	 tells	 the	
frog's	brain		In	The	Mind:	Biological	approaches	to	its	function,	ed.	W	Corning,	
M	Balban,	pp.	233-58	

Levick	 WR.	 1973.	 Variation	 in	 the	 response	 latency	 of	 cat	 retinal	 ganglion	 cells.	
Vision	research	13:	837-53	

Li	Z.	2014.	Understanding	Vision.	Oxford	University	Press.		
Mahowald	MA,	Mead	C.	1991.	The	Silicon	Retina.	Scientific	American	264:	76-82	
Marshel	 JH,	 Kaye	 AP,	 Nauhaus	 I,	 Callaway	 EM.	 2012.	 Anterior-posterior	 direction	

opponency	 in	 the	 superficial	 mouse	 lateral	 geniculate	 nucleus.	Neuron	 76:	
713-20	



Biological	and	Computer	Vision	 	 Gabriel	Kreiman	
Chapter	II	 	 2020	

	 5	

Martinez-Conde	S,	Macknik	SL.	2016.	Unchanging	visions:	the	effects	and	limitations	
of	ocular	 stillness.	Philosophical	 transactions	of	 the	Royal	 Society	of	 London.	
Series	B,	Biological	sciences	372:	20160204	

Martinez-Conde	 S,	 Macknik	 SL,	 Hubel	 DH.	 2004.	 The	 role	 of	 fixational	 eye	
movements	in	visual	perception.	Nat	Rev	Neurosci	5:	229-40	

Martinez-Conde	 S,	 Macknik	 SL,	 Troncoso	 XG,	 Dyar	 TA.	 2006.	 Microsaccades	
counteract	visual	fading	during	fixation.	Neuron	49:	297-305	

Masland	RH.	2012.	The	neuronal	organization	of	the	retina.	Neuron	76:	266-80	
Meister	M,	Berry	MJ,	2nd.	1999.	The	neural	code	of	the	retina.	Neuron	22:	435-50	
Meister	M,	Lagnado	L,	Baylor	DA.	1995.	Concerted	signaling	by	retinal	ganglion	cells.	

Science	270:	1207-10	
Najemnik	 J,	 Geisler	WS.	 2005.	 Optimal	 eye	movement	 strategies	 in	 visual	 search.	

Nature	434:	387-91	
Nathans	J.	1989.	The	genes	for	color	vision.	Scientific	American	Feb:	28-35	
Nathans	J,	Thomas	D,	Hogness	DS.	1986.	Molecular	genetics	of	human	color	vision:	

the	genes	encoding	blue,	green,	and	red	pigments.	Science	232:	193-202	
O'Regan	 JK,	 Levy-Schoen	 A.	 1983.	 Integrating	 visual	 information	 from	 successive	

fixations:	does	trans-saccadic	fusion	exist?	Vision	research	23:	765-8	
Okazawa	G,	Tajima	S,	Komatsu	H.	2015.	Image	statistics	underlying	natural	texture	

selectivity	of	neurons	in	macaque	V4.	Proceedings	of	the	National	Academy	of	
Sciences	of	the	United	States	of	America	112:	E351-60	

Olshausen	 B,	 Field	 D.	 2004.	 Sparse	 coding	 of	 sensory	 inputs.	 Current	 Opinion	 in	
Neurobiology	14:	481-87	

Olshausen	BA,	Field	DJ.	1996.	Emergence	of	simple-cell	receptive	field	properties	by	
learning	a	sparse	code	for	natural	images.	Nature	381:	607-9	

Pamplona	D,	Triesch	J,	Rothkopf	CA.	2013.	Power	spectra	of	the	natural	input	to	the	
visual	system.	Vision	research	83:	66-75	

Pillow	 JW,	 Shlens	 J,	 Paninski	 L,	 Sher	 A,	 Litke	 AM,	 et	 al.	 2008.	 Spatio-temporal	
correlations	and	visual	signalling	in	a	complete	neuronal	population.	Nature	
454:	995-9	

Piscopo	 DM,	 El-Danaf	 RN,	 Huberman	 AD,	 Niell	 CM.	 2013.	 Diverse	 visual	 features	
encoded	 in	 mouse	 lateral	 geniculate	 nucleus.	 Journal	 of	 Neuroscience	 33:	
4642-56	

Ramon	y	Cajal	S.	1906.	The	structure	and	connexions	of	neurons.	Nobel	Lecture		
Rayner	K.	1998.	Eye	movements	in	reading	and	information	processing:	20	years	of	

research.	Psychol	Bull	124:	372-422	
Reinagel	P.	2001.	How	do	visual	neurons	respond	in	the	real	world?	Current	Opinion	

in	Neurobiology	11:	427-42	
Rizzo	 JF,	3rd,	Wyatt	 J,	 Loewenstein	 J,	Kelly	S,	 Shire	D.	2003.	Perceptual	 efficacy	of	

electrical	 stimulation	 of	 human	 retina	 with	 a	 microelectrode	 array	 during	
short-term	 surgical	 trials.	 Investigative	 ophthalmology	 &	 visual	 science	 44:	
5362-9	

Robinson	 DA.	 1964.	 The	 mechanics	 of	 human	 saccadic	 eye	 movement.	 Journal	 of	
Physiology	174:	9	

Ross	 J,	Morrone	MC,	Goldberg	ME,	Burr	DC.	2001.	Changes	 in	visual	perception	at	
the	time	of	saccades.	Trends	Neurosci	24:	113-21	



Biological	and	Computer	Vision	 	 Gabriel	Kreiman	
Chapter	II	 	 2020	

	 6	

Sachse	 P,	 Beermann	 U,	 Martini	 M,	 Maran	 T,	 Domeier	 M,	 Furtner	 MR.	 2017.	 "The	
world	 is	 upside	 down"	 -	 The	 Innsbruck	 Goggle	 Experiments	 of	 Theodor	
Erismann	(1883-1961)	and	Ivo	Kohler	(1915-1985).	Cortex	92:	222-32	

Sacks	O.	1997.	The	Island	of	the	Colorblind.	New	York:	Alfred	A.	Knopf,	Inc.		
Sakitt	B.	1972.	Counting	every	quantum.	The	Journal	of	physiology	223:	131-50	
Sanchez-Giraldo	LG,	Laskar	MNU,	Schwartz	O.	2019.	Normalization	and	pooling	 in	

hierarchical	models	 of	 natural	 images.	Current	 Opinion	 in	 Neurobiology	 55:	
65-72	

Sanes	JR,	Masland	RH.	2015.	The	types	of	retinal	ganglion	cells:	current	status	and	
implications	for	neuronal	classification.	Annu	Rev	Neurosci	38:	221-46	

Schwartz	O,	Simoncelli	EP.	2001.	Natural	signal	statistics	and	sensory	gain	control.	
Nature	Neuroscience	4:	819-25	

Shapley	RM,	Victor	JD.	1978.	The	effect	of	contrast	on	the	transfer	properties	of	cat	
retinal	ganglion	cells.	The	Journal	of	physiology	285:	275-98	

Sherman	S.	2001.	Tonic	and	burst	firing:	dual	modes	of	thalamocortical	relay.	Trends	
in	Neurosciences	24:	122-26	

Sherman	S,	Guillery	R.	2006.	Exploring	the	Thalamus	and	its	Role	in	Cortical	Function.	
Cambridge,	MA:	MIT	Press.		

Simoncelli	 E,	 Olshausen	 B.	 2001.	 Natural	 Image	 Statistics	 and	 Neural	
Representation.	Annual	Review	of	Neuroscience	24:	193-216	

Smirnakis	 SM,	 Berry	 MJ,	 Warland	 DK,	 Bialek	 W,	 Meister	 M.	 1997.	 Adaptation	 of	
retinal	processing	to	image	contrast	and	spatial	scale.	Nature	386:	69-73	

Smith	EC,	Lewicki	MS.	2006.	Efficient	auditory	coding.	Nature	439:	978-82	
Stanley	 G,	 Li	 F,	 Dan	 Y.	 1999.	 Reconstruction	 of	 natural	 scenes	 from	 ensemble	

responses	in	the	lateral	geniculate	nucleus.	Journal	of	Neuroscience	19:	8036-
42	

Stratton	G.	1896.	Some	preliminary	experiments	on	vision	without	inversion	of	the	
retinal	image.	Psychological	Review	3:	611-17	

Stringer	 SM,	 Perry	 G,	 Rolls	 ET,	 Proske	 JH.	 2006.	 Learning	 invariant	 object	
recognition	 in	 the	 visual	 system	 with	 continuous	 transformations.	 Biol	
Cybern	94:	128-42	

Stryer	 L.	 1996.	 Vision:	 from	 photon	 to	 perception.	 Proceedings	 of	 the	 National	
Academy	of	Science	in	the	USA	93:	557-59	

Sur	M,	Garraghty	PE,	Roe	AW.	1988.	Experimentally	induced	visual	projections	into	
the	auditory	thalamus	and	cortex.	Science	242:	1437-41	

Tatler	BW,	Hayhoe	MM,	Land	MF,	Ballard	DH.	2011.	Eye	guidance	in	natural	vision:	
reinterpreting	salience.	Journal	of	vision	11:	5	

Tinsley	 JN,	 Molodtsov	 MI,	 Prevedel	 R,	 Wartmann	 D,	 Espigule-Pons	 J,	 et	 al.	 2016.	
Direct	 detection	 of	 a	 single	 photon	 by	 humans.	Nature	 Communications	 7:	
12172	

Usrey	WM,	Reppas	JB,	Reid	RC.	1998.	Paired-spike	interactions	and	synaptic	efficacy	
of	retinal	inputs	to	the	thalamus.	Nature	395:	384-7	

van	 der	 Schaaf	 A,	 van	 Hateren	 JH.	 1996.	 Modelling	 the	 power	 spectra	 of	 natural	
images:	statistics	and	information.	Vision	research	36:	2759-70	

von	 Melchner	 L,	 Pallas	 SL,	 Sur	 M.	 2000.	 Visual	 behaviour	 mediated	 by	 retianl	
projections	directed	to	the	auditory	pathway.	Nature	404:	871-76	



Biological	and	Computer	Vision	 	 Gabriel	Kreiman	
Chapter	II	 	 2020	

	 7	

Wade	N.	1998.	A	natural	history	of	vision.	Cambridge,	Mass.:	MIT	Press.	xvi,	466	p.	
pp.	

Wandell	BA.	1995.	Foundations	of	vision.	Sunderland:	Sinauer	Associates	Inc.		
Warland	 DK,	 Reinagel	 P,	 Meister	 M.	 1997.	 Decoding	 visual	 information	 from	 a	

population	of	retinal	ganglion	cells.	Journal	of	Neurophysiology	78:	2336-50	
Watson	AB.	2014.	A	formula	for	human	retinal	ganglion	cell	receptive	field	density	

as	a	function	of	visual	field	location.	Journal	of	vision	14	
Weiland	 J,	 Fink	W,	Humayun	M,	 Liu	W,	Rodger	D,	 et	 al.	 2005.	 Progress	 towards	 a	

high-resolution	 retinal	 prosthesis.	 Conference	 proceedings	 :	 ...	 Annual	
International	 Conference	 of	 the	 IEEE	 Engineering	 in	 Medicine	 and	 Biology	
Society.	IEEE	Engineering	in	Medicine	and	Biology	Society.	Conference	7:	7373-
5	

Wikipedia.	2020.	Superior	colliculus.	In	Wikipedia	
Winter	JO,	Cogan	SF,	Rizzo	JF,	3rd.	2007.	Retinal	prostheses:	current	challenges	and	

future	outlook.	J	Biomater	Sci	Polym	Ed	18:	1031-55	
Wiskott	 L,	 Sejnowski	 TJ.	 2002.	 Slow	 feature	 analysis:	 unsupervised	 learning	 of	

invariances.	Neural	Comput	14:	715-70	
Wurtz	RH.	2008.	Neuronal	mechanisms	of	visual	stability.	Vision	research	48:	2070-

89	
Yarbus	A.	1967.	Eye	movements	and	vision.	New	York:	Plenum	Press.		
Yau	K.	1994.	Phototransduction	mechanism	in	retinal	rods	and	cones.	Investigative	

Opthalmology	and	Visual	Science	35:	9-32	
Zhang	M,	Feng	J,	Ma	KT,	Lim	JH,	Zhao	Q,	Kreiman	G.	2018.	Finding	any	Waldo:	zero-

shot	invariant	and	efficient	visual	search.	Nature	Communications	9:	3730	
 


