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Overview	
•  Intro	
•  Our	Eye	
•  Recep&ve	Field	Model,	CSF,	Mach	Bending,	Cornsweet	

effect..	
•  What	we	really	see		
•  PreaPen&ve	Process	
•  Gestalt	Laws	
•  Percep&on	of	lines	and	areas	



Human	Visual	System	(HVS)	

•  The	Human	Visual	System	(HVS)	is	subdivided	
into	two	parts:	
– Op,cal	part	à	our	eye.	
– Visual	Percep,on	à	our	brain	(visual	cortex).	



Our	Eye	



The	Re,na	

•  The	re-na	is	composed	by	a	large	number	of	
photoreceptors	(rods	and	cones).	

•  100	millions	of	rods,	6	millions	of	cones.	
•  Cones	are	concentrated	in	the	fovea	(1.5-2	
degrees).	

•  Re,nal	ganglion	cells	send	informa,on,	
through	the	op,c	nerve,	to	the	brain.	



Rods	and	Cones	Distribu,on	



Visual	Acuity	

•  Points	–	1	minute	of	arc.	
•  Gra,ngs	–	1-2	minutes	of	
arc.	

•  LeTer	–	5	minutes	of	arc.	
•  Vernier	acuity	(the	ability	
to	see	if	two	segments	
are	colinear)	–	10	
seconds	of	arc.	



Visual	Acuity	

Snellen 
Chart 



Visual	Acuity	

Figure by Vanessa Ezekowitz under CC-SA-BY 3.0. 



Contrast	Sensi,vity	Func,on	(CSF)	

•  Our	percep,on	is	
sensi,ve	to	
paTern	contrast,	
frequency	and	
orienta,on.	

•  Also	color	
influences	the	
CSF.		

Figure by Martin Reddy. 



Contrast	Sensi,vity	Func,on	(CSF)	



Visual	Cortex	

•  LGN	(Lateral	
Geniculate	Nucleus)	
forwards	pulses	to	V1.	
It	is	also	connected	
with	V2	and	V3.	

•  V1	is	the	primary	
visual	cortex.	It	
performs	edge	
detec,on	and	global	
organiza,on	(inputs	
from	V2,	V3).	



Visual	Cortex	
•  V2	handles	depth,	
foreground,	illusory	
contours.	

•  V3	supports	global	
mo,on	understanding.	

•  V4	recognizes	simple	
geometric	shape.	

•  V5/MT:	mo,on	
percep,on	integra,on	
and	eye	movements	
guidance.	



Recep,ve	Field	(in	the	re,na)	

•  The	recep-ve	field	of	a	cell	is	the	visual	area	
over	which	a	cell	responds	to	light.	

•  Re,nal	ganglion	cells	are	organized	with	
circular	recep,ve	fields.		

•  S,mulated	on-center	they	are	excited,	
s,mulated	off-center	they	are	inhibited.			



Recep,ve	Field	(in	the	re,na)	

Inhibi&on	

Excita&on	

A	good	mathema&cal	model	is	the	Difference	of	Gaussians	(DoG):	
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Difference	of	Gaussians	(DoG)	



Difference	of	Gaussians	(DoG)	
S&mulus	for	sigma	=	5	pixels	



Difference	of	Gaussians	(DoG)	
S&mulus	for	sigma	=	10	pixels	



Difference	of	Gaussians	(DoG)	



Simultaneous	Brightness	Contrast	

Figure from the Perception course by Prof. David Heeger. 



Mach	Banding	

•  Do	you	remember	the	
problem	of	costant	
shading?	

•  This	perceptual	effect	is	
called	Mach	Banding.	

•  Abrupt	changes	are	
strongly	perceived.	



Mach	Banding	

Figure from Perception course by Prof. David Heeger. 



Hermann	Grid	Illusion	



Hermann	Grid	(stronger	s,mulus)	



Hermann	Grid	Illusions	
•  Classical	explana,ons:	

•  Other	experiments	demonstrate	that	this	
theory	is	insufficient.	

•  An	alterna,ve	theory	is	that	the	illusion	is	due	
to	the	S1	type	simple	cells.	



The	Chevreul	Illusion	
•  One	a	sequence	of	uniform	bands	is	shown,	
such	bands	appear	darker	at	one	edge.		



Greyscale	Maps	

•  These	visual	effects	can	result	in	large	errors	
when	reading	quan,ta,ve	informa,on	map	
displayed	using	a	greyscale	map.		

•  Use	greyscale	maps	to	represent	few	values	(!)	



Cornsweet	Illusion	
•  Lateral	inhibi,on	can	be	considered	part	of	an	
edge	detec,on	process	in	a	scene	under	
viewing.	

•  Pseudo-edges	can	be	seen	depending	on	the	
s,mulus.		

•  The	brain	does	perceptual	interpola,on	so	
that	regions	affected	by	such	edges	can	
appear	lighter	or	darker.	This	is	called	
Cornsweet	illusion	(also	known	as	the	Craik–
O'Brien–Cornsweet	illusion).	



The	Cornsweet	Effect	

Figure by Fibonacci user (Wikipedia) under CC-SA-BY 3.0. 



Cornsweet	Effect	

•  The	Cornsweet	effect	can	be	used	to	highlight	
bounded	regions.	

Figure from Information Visualization – Perception for Design by Colin Ware. 



Recap	–	Use	Grayscale	Wisely	

•  Does	not	use	for	maps	or	to	compare	many	
values.	

•  Use	to	highlights:	
– Bounded	regions	
–  Important	items	(by	reduce	luminance	contrast	of	
unimportant	items)	

– Adjust	background	luminance	to	obtain	beTer	
readability	



Eye	Movements	
•  Saccadic	movements:	ballis,c	movements	of	
the	eyes	that	change	the	point	of	fixa,on.	
They	can	be	voluntary	or	s,mulus-elicited.	

•  Smooth-pursuit	movements:	slow	tracking	
movements	of	the	eyes	to	keep	a	moving	
s,mulus	on	the	fovea.		

•  Vergence	movements:	align	the	fovea	of	each	
eye	to	a	target	according	to	its	distance.		

•  Ves-bulo-ocular	movements:	stabilize	the	
eyes	compensa,ng	for	head	movements.		



Saccadic	Movements	and	Fixa,ons	



Saccadic	Movements	and	Fixa,ons	
•  Saccade	takes	20-180	ms.	
•  Both	eyes	move	in	the	same	direc,on.	
•  The	movement	may	be	not	a	simple	linear	trajectory.	
•  A	fixa,on	is	composed	of	slower	and	fine	movements	
(microsaccades,	tremor	and	drih)	that	help	the	eye	
align	with	the	target.	

•  A	fixa,on	varies	between	50-600	ms.	
•  Typical	movements	during	reading:	2	degrees.	
•  Typical	movements	(in	general):	2-5	degrees.	
•  >	20	degrees	à	head	movement	is	required.	



Eye	Tracking	System	

Tobii Pro 2 Tobii Lab 



PreaTen,ve	Processes	
Count	the	number	of	8s	

12039029340239560349069305720763976039702995 
70325972057290357230572903769375252853446436 
32626435623525038053050332502934630623052305 
04604578541252323564634753257326573623576464 
32634750056032592305320590325903960954970239 
50911214723646656654573647277373737427584764 
56546346346534843975075734732739475474348972 
07639760397029957032597205721232325455677432 



PreaTen,ve	Processes	

12039029340239560349069305720763976039702995 
70325972057290357230572903769375252853446436 
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Count	the	number	of	8s	J	



PreaTen,ve	Processes	

•  Some	visual	s,mulus	“pop	up”	from	their	
surroundings.		

•  Ini,ally,	researchers	thinked	that	they	
happened	before	aTen,on	(erroneous).	

•  ATen,on	is	a	part	of	the	process.	



PreaTen,ve	Processes	

•  When	a	visual	s,mulus	is	preaTen,ve	?		

# distractors 

Response 
time 



PreaTen,ve	Processes	

•  Visual	features	that	are	preaTen,vely	
processed:	
– Orienta,on	;	Curvature	;		Shape	;	Size	;	Color	;	
Light/Dark	;	Enclosure	;	Concavity/Convexity	;	
Addi,on	

•  Some	of	them	are	not	symmetric.	
•  Visual	features	that	are	not	preaTen,vely	
processed:		
–  Juncture	;	Parallelism	



PreaTen,ve	Features	–	Orienta,on	



PreaTen,ve	Features	–	Shape	



PreaTen,ve	Features	–	Color	



PreaTen,ve	Features	–	Light/Dark	



PreaTen,ve	Features	–	Curvature		



PreaTen,ve	Features	–	Length	



PreaTen,ve	Process	–	Asymmetry	

•  Some	preaTen,ve	process	are	not	simmetric:	
– Adding	marks	is	more	efficient	than	removing	
marks.	

–  Increase	sharpness	is	more	efficients	than	
decrease	sharpness.		

– A	big	object	surrounded	by	small	objects	is	more	
efficient	than	a	small	object	surrounded	by	big	
objects.	



Asymmetric	Processes	–	Marks	



Asymmetric	Processes	–	Size	Ra,o	



Asymmetric	Processes	–	Sharpness	



Combina,on	of	PreaTen,ve	Features	

•  Note	that	the	combina,ons	of	preaTen,ve	
visual	features	may	not	be	preaTen,ve.	

•  Examples:	
– Shape	+	Color	
– Size	+	Color	
– Shape	+	Mo,on	



Combina,on	of	PreaTen,ve	Features	
Where	is	the	red	circle	?	

Figure from Perception in Visualization by Christopher G. Healey,  
North Carolina State University. 



Combina,on	of	PreaTen,ve	Features	
Where	is	the	red	circle	?	

Figure from Perception in Visualization by Christopher G. Healey,  
North Carolina State University. 



Gestalt	Laws	

•  From	Gestalt	School	of	Psychology	(founded	in	
1912	by	Max	Westhemer,	Kurt	Koqa	and	
Wolfgang	Koheler).	

•  The	first	serious	aTempt	to	understand	
paTern	percep,on.	

•  The	neural	mechanisms	proposed	do	not	pass	
the	test	of	the	,me..	

•  ..	BUT	the	laws	have	proven	to	be	valid.	



Gestalt	Laws	

•  Proximity	
•  Similarity	
•  Connectedness	
•  Con,nuity	
•  Symmetry		
•  Closure	
•  Common	fate	
•  Figure-ground	



Proximity	
•  Objects	close	to	each	other	are	perceived	to	
form	a	group.	



Similarity	
•  Similar	objects	are	perceived	to	from	a	group.	



Connectedness	

•  Connected	objects	are	perceived	as	related.	
•  Connec,ng	different	objects	with	a	line	is	a	
powerful	way	to	express	that	there	is	some	
rela,onship	between	them.	



Con,nuity	
•  We	expect	 that	a	 line	or	an	edge	con,nue	to	
follow	its	direc,on	and	does	not	deviate	from	
it.			

is	perceived	as	

not	as	



Con,nuity	



Simmetry	
•  Objects	arranged	simmetrically	are	perceived	as	
forming	a	visual	whole	instead	of	being	preceived	
as	separated	en,,es.	

	

•  Simmetry	is	best	perceived	for	horizontal	and	
ver,cal	axes.	





Closure	
•  We	tend	to	perceive	the	complete	appearance	
of	an	object.	Our	brain	fills	the	gap	in	case	of	
missing	parts.	



Illusory	Contour	



Common	Fate	

•  We	tend	to	perceive	as	a	group	objects	that	
moves	in	the	same	direc,on.	



Figure-Ground	
•  This	perceptual	effect	regards	the	forma,on	
of	a	figure	from	the	background.		





Müller-Lyer	Illusion	

•  These	two	lines	
have	equal	length	
but	we	perceive	
that	they	have	
different	length.	

•  Two	explana,ons:	
– Perspec,ve	
explana,on	

– Centroid	
explana,on	



Wundt	Illusion	

•  Wilhelm	Wundt	(1832-1920)	
(“father	of	experimental	
psychology”).	

•  Not	completely	explained.	



Hering	Illusion	

•  Another	similar	illusion	
(inverted	effect	of	
Wundt	illusion).	

•  Possible	explana,ons:	
– Lateral	inhibi,on	
– Perspec,ve	effect	
– Temporal	delays	in	
visual	processing	



Horizontal–Ver,cal	Illusion	
•  Another	simple	illusion	
discovered	by	Wundt.	

•  The	ver,cal	line	is	perceived		
30%	more	length	than	the	
horizontal	line.		

•  Cross-cultural	(small)	
differences	have	been	
no,ced.	

•  This	is	true	also	for	
intersec,ng	lines.	



Comparing	Area	
•  Comparing	area	is	difficult	(remember	the		area	of	
circles	just	men,oned).	

•  When	we	compare	areas	the	propor,ons	are	
underes,mated	(worst	for	volumes).		

•  Flannery	(1970)	proposed	to	compensate	the	
percep,on	by	applying	a	perceptual	scaling	factor.	

•  Tuhe,	in	his	famous	The	Visual	Display	of	Quan-ta-ve	
Informa-on	(2001),	opposed	to	anything	but	absolute	
scaling,	i.e.	to	excludes	compensa,on	for	human	
perceptual	failings.	

J. J. Flannery, “The Relative Effectiveness of Some Common Graduated Point  
Symbols in the Presentation of Quantitative Data”,  Symposium on the Influence  
of Map User on Map Design, 1970. 



Flannery’s	Perceptual	Scaling	



Comparing	Area	
•  Perceptual	scaling	may	be	insufficient.	Things	
are	more	complex	from	a	perceptual	point	of	
view	à	Heidenberg	illusion.	



Weber’s	Law	

•  Ernst	Heinrich	Weber	(1795–1878)	conducted	
studies	on	the	percep,on	of	physical	s,mulus	
by	human	senses	(vision,	hearing,	taste,	touch	
and	smell).		

•  Weber’s	Law:	
	

S,mulus	

Just	No,ceable	Difference	(JND)	



Weber’s	Law	

•  Percep,on	depends	by	the	ini,al	s,mulus.		
•  Ra,os	are	more	important	than	absolute	
values.	



What	about	color	?	

•  We	will	see	something	about	color	in	the	next	
lesson...	



Summary	
•  Visual	designers	take	in	great	considera,on	
visual	percep,on	à	the	same	has	to	be	done	
for	data	visualiza,on.	

•  Grayscale	should	be	used	wisely.		
•  PreaTen,ve	processes	are	powerful	to	drive	
the	aTen,on	and	to	avoid	confused	
visualiza,on.	

•  Gestalt	Laws	are	powerful	allies	(to	group	
elements,	to	show	rela,onships,	to	make	
paTerns	comparison,	in	an	effec,ve	way).	



	
Ques&ons	?	


