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PaCern	
  processing*	
  
PaCern	
  percepIon	
  –	
  	
  
•  where	
  the	
  bo#om-­‐up	
  processes	
  of	
  feature	
  processing	
  

meet	
  the	
  requirements	
  of	
  ac3ve	
  a#en3on	
  
–  Objects	
  are	
  extracted	
  from	
  paCerns	
  of	
  features	
  

•  Learning	
  is	
  important	
  
–  “priming”	
  ;	
  once	
  we	
  recognize	
  a	
  paCern	
  it	
  is	
  easier	
  to	
  spot	
  later.	
  

•  Some	
  paCerns	
  are	
  easier	
  to	
  spot	
  than	
  others.	
  
•  Understanding	
  paCern	
  percepIon	
  provides	
  abstract	
  design	
  

rules	
  to	
  tell	
  us	
  how	
  we	
  should	
  organize	
  data	
  so	
  that	
  
important	
  structures	
  will	
  be	
  perceived.	
  	
  
–  If	
  we	
  can	
  map	
  informaIon	
  structures	
  to	
  readily	
  perceived	
  
paCerns,	
  then	
  those	
  structures	
  will	
  be	
  more	
  easily	
  interpreted.	
  

*Chapter 6, Information visualization: perception for design,  by Colin Ware  



Space	
  
•  We	
  live	
  in	
  a	
  3D	
  world….	
  

…	
  but	
  all	
  dimensions	
  are	
  not	
  equal!	
  

•  up-­‐down	
  
•  sideways	
  
•  towards-­‐away	
  

	
  Actually	
  more	
  like	
  2.5	
  
dimensions,	
  where	
  the	
  
0.5	
  is	
  the	
  away	
  
dimension	
  

or	
  even	
  2.05	
  dimensions!	
  

	
  image	
  plane	
  +	
  
depth	
  



Space	
  again	
  
To	
  get	
  informaIon	
  in	
  up-­‐down	
  and	
  sideways	
  
planes,	
  we	
  can	
  rapidly	
  sample	
  with	
  our	
  eyes	
  

•  But	
  to	
  get	
  informaIon	
  about	
  depth,	
  we	
  need	
  to	
  
move.	
  

Image	
  plane	
  sampling	
  is	
  10-­‐100x	
  more	
  efficient	
  
than	
  depth	
  sampling	
  
•  PaCern	
  processing	
  in	
  the	
  brain	
  is	
  mostly	
  devoted	
  
to	
  the	
  image	
  plane.	
  
–  This	
  secIon	
  focuses	
  on	
  2D	
  paCern	
  percepIon	
  



Higher	
  level	
  order:	
  PaCerns	
  
Human	
  visual	
  system	
  is	
  a	
  powerful	
  paCern	
  seeker	
  
•  ideas+	
  physical	
  evidence	
  =	
  paCern	
  

–  We	
  locate	
  paCern	
  with	
  rapid	
  visual	
  searches	
  
paCerns	
  are	
  the	
  essence	
  of	
  visual	
  thinking	
  

–  oben	
  to	
  perceive	
  a	
  paCern	
  is	
  to	
  gain	
  an	
  insight	
  or	
  solve	
  a	
  problem	
  
‘what’	
  pathway	
  –	
  processes	
  paCerns	
  to	
  ulImately	
  idenIfy	
  objects	
  

–  Contours,texture,	
  regions,	
  moIon	
  
–  the	
  building	
  blocks	
  of	
  objects	
  
–  or	
  relaIonships	
  between	
  objects	
  

•  understanding	
  how	
  paCerns	
  are	
  formed	
  can	
  inform	
  the	
  task	
  of	
  
organising	
  space:	
  
–  unambiguous	
  and	
  clear	
  	
  
versus	
  
–  	
  	
   mulIple	
  interpretaIons	
  mulIple	
  interpretaIons	
  



PaCern	
  examples	
  

•  [shown	
  on	
  board]	
  



Generalized	
  Contour	
  

our	
  brains	
  have	
  a	
  contour	
  extrac-on	
  mechanism	
  

Many	
  different	
  
kinds	
  of	
  boundaries	
  
acIvate	
  a	
  
generalized	
  
contour	
  

This	
  is	
  why	
  line	
  
drawings	
  are	
  so	
  
effecIve.	
  



Contours	
  
	
  
Source:	
  NaIonal	
  Geographic	
  





Texture	
  regions	
  

•  Texture	
  is	
  disInguished	
  in	
  the	
  same	
  way	
  as	
  
single	
  objects	
  –	
  primary	
  factors	
  are	
  grain	
  size,	
  
orientaIon	
  and	
  contrast	
  



Textures	
  that	
  are	
  easy	
  to	
  disInguish	
  

orientaIon	
  



Textures	
  that	
  are	
  easy	
  to	
  disInguish	
  

grain	
  size	
  



Textures	
  that	
  are	
  easy	
  to	
  disInguish	
  

curved	
  versus	
  straight	
  



Textures	
  that	
  are	
  easy	
  to	
  disInguish	
  

sharp	
  versus	
  blur	
  



�Landscape	
  with	
  the	
  Wall	
  of	
  a	
  Farm	
  by	
  Vincent	
  Van	
  Gogh	
  -­‐	
  
��www.vangoghgallery.com	
  750	
  ×	
  507	
  



�Drawbridge	
  with	
  Lady	
  with	
  Parasol	
  by	
  Vincent	
  Van	
  Gogh,	
  pen	
  and	
  ink,	
  23.5	
  
×	
  31	
  cm.,	
  1888,	
  Los	
  Angeles	
  County	
  Museum	
  



�Fishing	
  Boats	
  at	
  Saintes-­‐Maries-­‐de-­‐la-­‐Mer	
  by	
  Vincent	
  Van	
  Gogh,	
  pen	
  and	
  
ink	
  and	
  pencil,	
  24.4	
  ×	
  31.9	
  cm	
  Saint	
  Louis	
  Art	
  Museum	
  



Hard-­‐to-­‐discriminate	
  texture	
  pairs	
  

•  when	
  low-­‐level	
  feature	
  differences	
  not	
  
present,	
  we	
  find	
  it	
  hard	
  to	
  discriminate	
  
between	
  textures	
  

•  for	
  design	
  purposes,	
  only	
  basic	
  texture	
  
differences	
  should	
  be	
  used	
  to	
  divide	
  space	
  



Hard-­‐to-­‐discriminate	
  texture	
  pairs	
  

spikes	
  orientated	
  
differently,	
  but	
  
field	
  of	
  orientaIon	
  
is	
  same	
  

Where is the 
border between 
textures? 



Hard-­‐to-­‐discriminate	
  texture	
  pairs	
  

spikes	
  orientated	
  
differently,	
  but	
  
field	
  of	
  orientaIon	
  
is	
  same	
  

Where is the 
border between 
textures? 



Hard-­‐to-­‐discriminate	
  texture	
  pairs	
  

spikes	
  orientated	
  
differently,	
  but	
  
field	
  of	
  orientaIon	
  
is	
  same	
  



Compare:	
  

Where is the 
border between 
textures? 



Compare:	
  

Where is the 
border between 
textures? 



Hard-­‐to-­‐discriminate	
  texture	
  pairs	
  

orange	
  circles	
  and	
  
blue	
  squares	
  
versus	
  blue	
  circles	
  
and	
  orange	
  
squares	
  



Screenshot	
  of	
  nowCOAST	
  Viewer,	
  showing	
  detailed	
  view	
  of	
  the	
  Lake	
  Superior	
  OFS	
  Surface	
  Water	
  
Currents.	
  The	
  background	
  colors	
  shown	
  indicate	
  Sea	
  Surface	
  Temperature.	
  



Distance	
  to	
  nearest	
  grocery	
  store	
  



Interference	
  

text	
  on	
  a	
  background	
  
containing	
  similar	
  
feature	
  elements	
  will	
  be	
  
difficult	
  to	
  read,	
  even	
  if	
  
it	
  is	
  in	
  a	
  different	
  colour	
  



Interference:	
  compare	
  

text	
  on	
  a	
  background	
  
containing	
  similar	
  
feature	
  elements	
  will	
  be	
  
difficult	
  to	
  read,	
  even	
  if	
  
it	
  is	
  in	
  a	
  different	
  colour	
  



Interference:	
  compare	
  2	
  

text	
  on	
  a	
  background	
  
containing	
  similar	
  
feature	
  elements	
  will	
  be	
  
difficult	
  to	
  read,	
  even	
  if	
  
it	
  is	
  in	
  a	
  different	
  colour	
  



Feature-­‐level	
  tuning	
  

Feature-level tuning can allow 
us to attend to different 
layers of information
0	
  1	
  2	
  3	
  4	
  5	
  6	
  
7	
  8	
  9	
  



Feature-­‐level	
  tuning	
  for	
  overlapping	
  
regions	
  

•  RepresenIng	
  overlapping	
  regions	
  is	
  an	
  
interesIng	
  design	
  problem	
  	
  
– e.g.	
  a	
  map	
  that	
  shows	
  both	
  mean	
  temperature,	
  
differing	
  vegetaIon	
  types	
  etc.	
  

– Goal	
  is	
  to	
  support	
  variety	
  of	
  queries	
  based	
  on	
  
temperature	
  zones,	
  vegetaIon	
  zones	
  or	
  both.	
  

–  if	
  different	
  regions	
  are	
  display	
  to	
  be	
  as	
  disInct	
  as	
  
possible	
  in	
  terms	
  of	
  simple	
  features,	
  the	
  result	
  will	
  
be	
  easy	
  to	
  interpret	
  



Feature-­‐level	
  tuning	
  for	
  overlapping	
  
regions:	
  example	
  

heterogeneous	
  
channel-­‐based	
  
approach	
  



What	
  are	
  the	
  best	
  paCerns?	
  

•  The	
  what	
  pathway	
  idenIfies	
  paCerns,	
  which	
  
are	
  increasingly	
  complex	
  the	
  further	
  we	
  move	
  
up	
  the	
  hierarchy	
  

•  There	
  is	
  no	
  current	
  experiment	
  that	
  will	
  
determine	
  which,	
  of	
  a	
  possible	
  infinite	
  
number,	
  paCerns	
  a	
  neuron	
  responds	
  to	
  best	
  
– all	
  researchers	
  can	
  do	
  currently	
  is	
  find	
  out	
  by	
  trial	
  
and	
  error	
  which	
  paCerns	
  humans	
  respond	
  to	
  well	
  



What	
  are	
  the	
  best	
  paCerns?	
  

•  spikes	
  
•  convexiIes	
  and	
  concaviIes	
  
•  boundaries	
  between	
  
texture	
  regions	
  

•  T	
  and	
  X	
  juncIons	
  

T	
  	
  	
  	
  X	
  	
  	
  Y	
  



Natural	
  selecIon	
  for	
  symbols?	
  
• spikes	
  
• convexiIes	
  and	
  concaviIes	
  
• boundaries	
  between	
  texture	
  regions	
  
• T	
  and	
  X	
  juncIons	
  



Symbols	
  

hCp://www.rethinkcanada.com	
  



The	
  importance	
  of	
  experience	
  

•  As	
  we	
  move	
  up	
  the	
  “what”	
  pathway	
  to	
  more	
  
complex	
  paCerns,	
  the	
  effects	
  of	
  individual	
  
experience	
  become	
  apparent	
  
– much	
  of	
  the	
  training	
  in	
  V1	
  happens	
  in	
  babies	
  
– higher	
  up	
  the	
  pathway	
  is	
  later	
  life	
  training	
  



Meaning	
  of	
  paCerns-­‐	
  Gestalt	
  Laws	
  
Proximity:	
  	
  items	
  close	
  together	
  are	
  grouped	
  together.	
  
Similarity:	
  	
  similar	
  items	
  are	
  grouped	
  together.	
  
Connectedness:	
  	
  items	
  connected	
  are	
  related.	
  
Continuity:	
  	
  we	
  are	
  more	
  likely	
  to	
  construct	
  visual	
  objects	
  out	
  of	
  
elements	
  that	
  are	
  smooth	
  and	
  conInuous.	
  
Symmetry:	
  	
  symmetry	
  connects	
  items	
  into	
  enIIes.	
  
Closure:	
  	
  a	
  closed	
  contour	
  tends	
  to	
  be	
  seen	
  as	
  an	
  object.	
  When	
  an	
  
object	
  is	
  incomplete	
  or	
  a	
  space	
  is	
  not	
  completely	
  enclosed	
  we	
  percieve	
  
the	
  whole	
  by	
  filling	
  in	
  the	
  missing	
  informaIon.	
  
Relative size:	
  	
  smaller	
  components	
  of	
  a	
  paCerns	
  tend	
  to	
  be	
  
perceived	
  as	
  objects.	
  
Figure and ground Effects: figure	
  is	
  that	
  perceived	
  as	
  
foreground,	
  	
  ground	
  is	
  behind	
  the	
  figure.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Rubin's	
  Vase	
  is	
  a	
  popular	
  opIcal	
  illusion	
  used	
  to	
  illustrate	
  differences	
  
in	
  percepIon	
  of	
  figure-­‐ground	
  sImuli.	
  
	
  
Figure	
  source:	
  	
  “Introducing	
  the	
  PercepIon	
  Process.”	
  Boundless	
  Psychology.	
  Boundless,	
  20	
  Aug.	
  2015	
  



SemanIc	
  meaning	
  of	
  paCerns	
  
Basic	
  paCerns	
  

•  small	
  shapes	
  with	
  closed	
  contour	
  :	
  
–  object,	
  idea,	
  enIty,	
  node	
  

•  Spacial	
  ordered	
  graphical	
  objects:	
  
–  related	
  informaIon	
  or	
  a	
  sequence	
  
(leb-­‐to-­‐right)	
  

•  Objects	
  in	
  proximity	
  or	
  with	
  same	
  
colour/texture:	
  
–  similar	
  concepts,	
  related	
  
informaIon	
  

•  Size	
  or	
  height	
  of	
  object:	
  
– Magnitude,	
  quanIty,	
  importance,	
  
2D	
  locaIon	
  



SemanIc	
  meaning	
  of	
  paCerns	
  
More	
  complex	
  paCerns	
  

•  Shapes	
  connected	
  by	
  contour:	
  
–  related	
  enIIes,	
  path	
  between	
  

enIIes	
  
•  Thickness	
  of	
  connecIng	
  contour:	
  

–  strength	
  of	
  relaIonship	
  
•  Colour	
  and	
  texture	
  of	
  connecIng	
  

contour:	
  
–  type	
  of	
  relaIonship	
  

•  Shapes	
  enclosed	
  by	
  a	
  contour/
texture/colour:	
  
–  contained	
  enIIes,	
  related	
  enIIes	
  

•  Nested/parIIoned	
  regions:	
  
–  hierarchical	
  concepts	
  

•  ACached	
  shapes:	
  
–  parts	
  of	
  a	
  structure	
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•  Egocentric	
  space	
  	
  consists	
  of	
  up-­‐down,	
  
sideways	
  and	
  towards-­‐away	
  dimensions	
  

•  2.5	
  dimensions	
  
–  for	
  every	
  one	
  of	
  the	
  million	
  brain	
  pixels	
  recording	
  
up	
  and	
  sideways	
  informaIon,	
  there	
  is	
  only,	
  at	
  
best,	
  one	
  point	
  of	
  depth	
  informaIon	
  

•  depth	
  cues	
  are	
  pictorial	
  and	
  non-­‐pictorial	
  



•  When	
  viewing	
  a	
  
graphic,	
  we	
  
simultaneously	
  
see	
  the	
  flat,	
  2D	
  
picture	
  plane	
  
and	
  the	
  3D	
  
picture	
  space	
  

Diego	
  Rodríguez	
  de	
  Silva	
  y	
  
Velázquez,	
  Las	
  Meninas,	
  c.	
  1656,	
  
oil	
  on	
  canvas,	
  125	
  1/4	
  x	
  108	
  5/8	
  
in.	
  (Museo	
  Nacional	
  del	
  Prado,	
  
Madrid)	
  



Pictorial	
  Depth	
  Cues	
  

•  pictorial	
  (or	
  monocular)	
  depth	
  cues	
  can	
  be	
  
reproduced	
  in	
  a	
  photograph	
  or	
  painIng	
  
– defined	
  by	
  the	
  projecIon	
  of	
  points	
  on	
  a	
  plane	
  
– need	
  only	
  one	
  eye 	
  to	
  see	
  them	
  



Pictorial	
  Depth	
  Cues	
  
	
  

•  pictorial	
  depth	
  cues	
  do	
  not	
  have	
  to	
  be	
  defined	
  
in	
  an	
  all-­‐or-­‐nothing	
  fashion:	
  they	
  can	
  be	
  
applied	
  according	
  to	
  goals	
  of	
  design	
  
– choice	
  is	
  not	
  2D	
  or	
  3D,	
  but	
  which	
  of	
  the	
  depth	
  
cues	
  to	
  apply	
  

– each	
  have	
  unique	
  properIes	
  that	
  support	
  
different	
  kinds	
  of	
  visual	
  query	
  



Pictorial	
  Depth	
  Cues:	
  Occlusion	
  

strongest	
  depth	
  cue	
  
–  if	
  placed	
  in	
  compeIIon	
  with	
  
another,	
  such	
  as	
  size	
  
constancy,	
  occlusion	
  wins	
  

•  objects	
  near	
  to	
  us	
  block	
  or	
  
visually	
  occlude	
  objects	
  
further	
  away.	
  

•  an	
  object	
  that	
  occludes	
  
another	
  appears	
  closer	
  

talent	
  
hard	
  work	
  



Pictorial	
  Depth	
  Cues:	
  Occlusion	
  

a	
  method	
  and	
  metaphor	
  for	
  
ranking	
  ordered	
  informaIon	
  
– most	
  important	
  parIally	
  
occlude	
  less	
  important	
  

•  very	
  important	
  to	
  ensure	
  
that	
  the	
  occluded	
  object	
  can	
  
sIll	
  be	
  iden3fied	
  

talent	
  
hard	
  work	
  



Pictorial	
  depth	
  cues:	
  PerspecIve	
  
•  Size	
  gradients:	
  more	
  distant	
  objects	
  are	
  
smaller	
  on	
  the	
  picture	
  plane	
  than	
  similarly	
  
sized	
  nearby	
  objects	
  

•  visual	
  metaphor	
  for	
  relaIve	
  importance	
  
– advantage	
  that	
  less	
  important	
  informaIon	
  takes	
  
up	
  less	
  space	
  

hCp://art.nmu.edu/	
  



Pictorial	
  depth	
  cues:	
  PerspecIve	
  
•  Size	
  gradients:	
  more	
  distant	
  objects	
  are	
  
smaller	
  on	
  the	
  picture	
  plane	
  than	
  similarly	
  
sized	
  nearby	
  objects	
  

•  visual	
  metaphor	
  for	
  relaIve	
  importance	
  
– advantage	
  that	
  less	
  important	
  informaIon	
  takes	
  
up	
  less	
  space	
  

hCp://art.nmu.edu/	
  



Pictorial	
  depth	
  cues:	
  PerspecIve	
  

hCp://art.nmu.edu/	
  



Pictorial	
  depth	
  cues:	
  PerspecIve	
  

wordle	
  tag	
  cloud	
  for	
  
“Biological	
  components	
  of	
  sex	
  
differences	
  in	
  color	
  preference	
  
Anya	
  C.	
  Hurlbert	
  and	
  Yazhu	
  
Ling	
  



Pictorial	
  depth	
  cues:	
  PerspecIve	
  
•  Texture	
  gradients:	
  
texture	
  elements	
  reduce	
  
in	
  size	
  and	
  increase	
  in	
  
density	
  with	
  distance	
  

•  	
  	
  Provide	
  a	
  size	
  reference	
  
for	
  objects	
  

•  but	
  usually	
  less	
  effecIve	
  
than	
  a	
  grid	
  for	
  making	
  
size	
  judgements	
  

•  also,	
  fine	
  textures	
  usually	
  
not	
  reproduced	
  on	
  
computer	
  displays	
  



Pictorial	
  depth	
  cues:	
  Linear	
  
perspecIve	
  

•  ProjecIons	
  of	
  parallel	
  lines	
  converge	
  on	
  the	
  
picture	
  plane	
  

•  grid	
  of	
  parallel	
  lines	
  used	
  oben	
  in	
  3D	
  layouts	
  
of	
  scienIfic	
  objects	
  to	
  provide	
  a	
  reference	
  
plane	
  for	
  layout	
  and	
  size	
  measurement	
  

visualizaIon	
  of	
  a	
  
severe	
  supercell	
  
thunderstorm	
  



Pictorial	
  depth	
  cues:	
  Shading	
  and	
  Cast	
  
Shadows	
  

•  surface	
  of	
  objects	
  reflect	
  
more	
  or	
  less	
  light	
  depending	
  
on	
  how	
  they	
  are	
  oriented	
  to	
  
a	
  light	
  source	
  

•  The	
  shadow	
  cast	
  by	
  one	
  object	
  on	
  another	
  
provides	
  informaIon	
  about	
  the	
  distance	
  
between	
  them	
  

hCp://art.nmu.edu/	
  



Pictorial	
  depth	
  cues:	
  Dropped	
  
shadows	
  



Pictorial	
  depth	
  cues:	
  Dropped	
  
shadows	
  



Pictorial	
  depth	
  cues:	
  Height	
  on	
  the	
  
picture	
  plane	
  

•  objects	
  higher	
  up	
  the	
  visual	
  field	
  are	
  generally	
  
seen	
  as	
  further	
  away	
  

Georges	
  Seurat	
  
A	
  Sunday	
  Abernoon	
  on	
  the	
  Island	
  of	
  La	
  
Grande	
  JaCe	
  
1884-­‐86,	
  oil	
  on	
  canvas	
  
	
  
	
  

hCp://art.nmu.edu/	
  



Pictorial	
  depth	
  cues:	
  Depth	
  of	
  focus	
  

•  The	
  human	
  eye	
  
focuses	
  objects	
  at	
  a	
  
specific	
  distance:	
  
– objects	
  closer	
  or	
  
further	
  away	
  are	
  
blurred	
  

– degree	
  of	
  blur	
  can	
  be	
  
used	
  to	
  direct	
  
aCenIon	
  



Depth	
  of	
  focus	
  
•  Miniature	
  faking,	
  also	
  known	
  

as	
  diorama	
  effect	
  or	
  diorama	
  
illusion,	
  is	
  a	
  process	
  in	
  which	
  
a	
  photograph	
  of	
  a	
  life-­‐size	
  
locaIon	
  or	
  object	
  is	
  made	
  to	
  
look	
  like	
  a	
  photograph	
  of	
  a	
  
miniature	
  scale	
  model.	
  	
  

•  Blurring	
  parts	
  of	
  the	
  photo	
  
simulates	
  the	
  shallow	
  depth	
  
of	
  field	
  normally	
  encountered	
  
in	
  close-­‐up	
  photography,	
  
making	
  the	
  scene	
  seem	
  much	
  
smaller	
  than	
  it	
  actually	
  is.	
  

Digitally	
  blurred	
  miniature	
  fake	
  of	
  Jodhpur	
  

Original	
  photo	
  of	
  Jodhpur	
  



Depth	
  of	
  focus	
  



Pictorial	
  depth:	
  reference	
  to	
  known	
  
objects	
  

•  objects	
  of	
  known	
  size	
  are	
  a	
  reference	
  against	
  
which	
  other	
  objects	
  are	
  judged	
  
– absolute	
  size	
  
– knowledge-­‐based,	
  but	
  one	
  of	
  the	
  most	
  important	
  
cues	
  to	
  distance	
  	
  

We	
  see	
  the	
  	
  duck	
  
as	
  closer	
  than	
  the	
  
elephant	
  

hCp://art.nmu.edu/	
  



Pictorial	
  depth:	
  Degree	
  of	
  contrast	
  

•  Because	
  air	
  and	
  water	
  are	
  not	
  completely	
  
transparent,	
  the	
  contrast	
  between	
  an	
  object	
  
and	
  its	
  background	
  is	
  reduced	
  as	
  distance	
  
increases	
  

•  “atmospheric	
  perspecIve"	
  

hCp://art.nmu.edu/cognates/concepts/175_depthcues.html	
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Non-­‐pictorial	
  depth:	
  stereoscopic	
  
depth	
  

•  Not	
  captured	
  in	
  a	
  staIc	
  
image	
  

•  V1	
  has	
  mechanisms	
  to	
  
extract	
  small	
  differences	
  in	
  
images	
  on	
  two	
  eyes	
  to	
  get	
  
distance	
  informaIon	
  

•  stereoscopic	
  informaIon	
  is	
  
used	
  for	
  guiding	
  our	
  hands	
  

•  for	
  objects	
  at	
  nearly	
  the	
  
same	
  depth	
  

The	
  diagram	
  indicates	
  a	
  leb	
  and	
  
right	
  eye.	
  Both	
  eyes	
  converge	
  on	
  
a	
  box	
  but	
  due	
  to	
  reInal	
  disparity,	
  
the	
  angle	
  of	
  viewing	
  is	
  slightly	
  
different	
  for	
  each	
  eye.	
  The	
  brain	
  
combines	
  the	
  two	
  images	
  to	
  
create	
  the	
  percepIon	
  of	
  a	
  three-­‐
dimensional	
  object.	
  
	
  



Non-­‐pictorial	
  depth:	
  stereoscopic	
  
depth	
  



Non-­‐pictorial	
  depth:	
  depth	
  from	
  
moIon	
  

•  beCer	
  depth	
  from	
  steropsis	
  
•  brain	
  takes	
  advantage	
  of	
  series	
  of	
  views	
  to	
  
interpret	
  depth	
  informaIon	
  



2.5	
  design	
  

•  treat	
  depth	
  very	
  differently	
  from	
  other	
  two	
  
dimensions:	
  
– depth	
  cues	
  used	
  selecIvely	
  to	
  support	
  design	
  
goals	
  

– objects	
  laid	
  out	
  with	
  minimum	
  of	
  occlusions	
  –	
  
minimize	
  depth	
  

– ensure	
  criIcal	
  informaIon	
  not	
  occluded	
  –	
  use	
  
transparency	
  where	
  necessary	
  

– display	
  text	
  in	
  the	
  image	
  plane	
  



2D	
  or	
  3D?	
  

•  when	
  deciding	
  whether	
  as	
  
display	
  should	
  be	
  2D	
  or	
  
3D,	
  the	
  nature	
  of	
  what	
  is	
  
displayed	
  is	
  very	
  
important:	
  
– some	
  data	
  already	
  has	
  3D	
  
spaIal	
  properIes	
  
•  architectural	
  designs	
  	
  and	
  
physical	
  and	
  biological	
  data	
  



2D	
  or	
  3D?	
  

•  many	
  other	
  kinds	
  of	
  data	
  are	
  not	
  inherently	
  
spaIal	
  	
  	
  

•  business	
  staIsIcs,	
  social	
  networks,	
  abstract	
  concepts	
  

•  some	
  people	
  have	
  tried	
  to	
  use	
  three	
  
dimensional	
  representaIons	
  for	
  these,	
  with	
  
the	
  jusIficaIon	
  that,	
  as	
  we	
  live	
  in	
  a	
  3D	
  world,	
  
3D	
  must	
  be	
  beCer	
  than	
  2D	
  

	
  



2D	
  or	
  3D?	
  

•  BUT	
  –	
  we	
  don’t	
  perceive	
  3	
  dimensions	
  
– 2.5D	
  or,	
  more	
  realisIcally,	
  2.05	
  D	
  

•  The	
  cost	
  of	
  ge~ng	
  a	
  good	
  viewpoint	
  in	
  3D	
  is	
  
almost	
  always	
  higher	
  than	
  clicking	
  	
  to	
  follow	
  a	
  
hypertext	
  link	
  or	
  zooming	
  in	
  2	
  dimensions	
  

•  eye	
  movements	
  are	
  the	
  lowest	
  cogniIve	
  cost	
  
method	
  we	
  have	
  for	
  ge~ng	
  informaIon	
  on	
  
our	
  environment	
  








