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User	
  Studies	
  &	
  	
  
Gestalt	
  Psychology	
  

Final	
  Project	
  Presenta=on	
  Schedule	
  
Report	
  due	
  Tue	
  April	
  24th	
  @	
  11:59pm	
  

Wed	
  April	
  25th	
  
10:00	
  Ed	
  

10:15	
  Michael	
  

10:30	
  Ben	
  

10:45	
  Dakota	
  

11:00	
  Ryan	
  &	
  Ziv	
  

11:25	
  Jeff	
  

11:40	
  Patrick	
  

Wed	
  May	
  2nd	
  
10:00	
  Calvin	
  

10:15	
  Rui	
  

10:30	
  Max	
  

10:45	
  Peter	
  

11:00	
  David	
  &	
  Josh	
  

11:25	
  John	
  

20	
  min	
  team	
  of	
  2,	
  12	
  min	
  individual	
  +	
  3	
  min	
  ques=ons	
  

Readings	
  for	
  This	
  Week:	
  

•  “LabelMe:	
  online	
  image	
  annota=on	
  and	
  applica=ons”	
  
Torralba,	
  Russell,	
  &	
  Yuen,	
  IEEE,	
  2010	
  

•  object	
  recogni=on	
  under	
  a	
  variety	
  of	
  condi=ons,	
  object	
  
class	
  recogni=on	
  rather	
  than	
  object	
  instance	
  recogni=on,	
  
not	
  just	
  canonical	
  pose,	
  learning	
  about	
  objects	
  embedded	
  
in	
  a	
  scene,	
  not	
  just	
  cap=on	
  or	
  tag	
  

•  number	
  of	
  labels,	
  number	
  of	
  objects	
  with	
  each	
  label	
  s=ll	
  
growing	
  over	
  =me,	
  who	
  are	
  the	
  labelers?	
  

•  visualize	
  closest	
  neighbors	
  to	
  a	
  specific	
  image	
  in	
  database	
  
•  visualiza=on	
  of	
  images	
  organized	
  by	
  similarity,	
  smooth	
  
transi=on	
  between	
  some	
  types	
  of	
  scenes	
  

•  what	
  types	
  of	
  images	
  are	
  present	
  in	
  the	
  database?	
  	
  lower	
  
performance	
  on	
  indoor	
  scenes	
  (fewer	
  examples,	
  more	
  
variability	
  of	
  visual	
  appearance)	
  

•  automa=cally	
  recovered	
  spa=al	
  rela=onships	
  between	
  
objects	
  (standing	
  on,	
  supported	
  by,	
  supported	
  by,	
  part	
  of)	
  

•  Current/Future	
  work:	
  extrapolate	
  scene	
  knowledge	
  to	
  
unlabeled	
  por=on	
  of	
  image,	
  infer	
  3D!	
  &	
  extend	
  to	
  video	
  

Readings	
  for	
  This	
  Week:	
  
•  “Crowdsourcing	
  Graphical	
  Percep=on:	
  Using	
  Mechanical	
  Turk	
  to	
  

Assess	
  Visualiza=on	
  Design”,	
  Heer	
  &	
  Bostock,	
  ACM	
  CHI	
  2010	
  

•  +	
  wide	
  range	
  of	
  subjects	
  
•  +	
  experimental	
  control	
  vs.	
  ecological	
  validity	
  
•  +	
  reduce	
  cost	
  &	
  =me	
  to	
  result	
  
•  -­‐	
  subject	
  mo=va=on	
  
•  -­‐	
  display	
  configura=on	
  &	
  viewing	
  environment	
  (but...	
  more	
  representa=ve	
  

sample	
  of	
  web	
  users'	
  displays)	
  
•  crowdsourced	
  leads	
  to	
  higher	
  variance	
  
•  graphical	
  percep=on:	
  ability	
  of	
  viewers	
  to	
  interpret	
  visual	
  encoding	
  and	
  decode	
  

informa=on	
  in	
  graphics	
  
•  separable	
  dimensions	
  vs	
  integral	
  dimensions,	
  redundant	
  encoding	
  
•  interac=on	
  of	
  visual	
  variables	
  
•  HIT:	
  human	
  intelligence	
  task,	
  Turkers,	
  reward,	
  assignment,	
  qualifica=ons:	
  

ensure	
  users	
  understand	
  the	
  task,	
  and	
  their	
  system	
  displays	
  correctly	
  (e.g.	
  
flash)	
  

•  avoid	
  lengthy	
  tasks,	
  more	
  suscep=ble	
  to	
  'gaming',	
  subjects	
  cannot	
  save	
  par=al	
  
work	
  

•  factorial	
  design/factorial	
  experiment:	
  all	
  combina=ons	
  across	
  all	
  such	
  factors	
  
•  sta=s=cal	
  significance,	
  p	
  value,	
  ANOVA,	
  margin	
  of	
  error	
  
•  bonferroni-­‐corrected	
  post-­‐hot	
  test	
  
•  impact	
  of	
  price	
  per	
  hit	
  on	
  study	
  comple=on	
  =me	
  
•  under	
  es=mated	
  =me	
  to	
  complete	
  task	
  -­‐>	
  underpaid	
  turkers	
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Interpre=ng	
  Physical	
  Sketches	
  
as	
  Architectural	
  Models	
  

Barbara	
  Cutler	
  and	
  Joshua	
  Nasman	
  

Department	
  of	
  Computer	
  Science	
  
Rensselaer	
  Polytechnic	
  Ins=tute	
  

“Virtual	
  Heliodon”	
  for	
  Dayligh=ng	
  Analysis	
  
camera	
  to	
  	
  

detect	
  geometry	
  

4	
  projectors	
  to	
  	
  
display	
  solu3on	
  

design	
  sketched	
  with	
  
foam-­‐core	
  walls	
  

Tangible	
  Interface	
  for	
  Architectural	
  Design	
  

Projec3on	
  geometry	
  Overhead	
  camera	
   Inferred	
  design	
  

Exterior	
  &	
  interior	
  walls	
  

Tokens	
  for:	
  

• 	
  Windows	
  

• 	
  Wall/floor	
  colors	
  

• 	
  North	
  arrow	
  

Our	
  Contribu=ons	
  

•  Algorithm	
  for	
  automa=c	
  interpreta=on	
  of	
  interior	
  
space	
  vs.	
  exterior	
  space	
  

•  Construc=on	
  of	
  a	
  water=ght	
  3D	
  mesh	
  

•  User	
  study	
  collected	
  >300	
  example	
  designs	
  

•  Valida=on	
  of	
  algorithm	
  
– Compare	
  to	
  annota=ons	
  by	
  the	
  original	
  designer	
  

•  Quan=fy	
  design	
  ambiguity	
  
– Compare	
  annota=ons	
  of	
  a	
  design	
  by	
  other	
  users	
  

Related	
  Work	
  
•  Tangible	
  User	
  Interfaces	
  [e.g.,	
  Ben-­‐Joseph	
  et	
  al.	
  2001]	
  
•  Sketch-­‐based	
  Modeling	
  User	
  Interfaces	
  	
  

[Zeleznik	
  et	
  al.	
  1996;	
  Igarashi	
  et	
  al.	
  1999;	
  Dorsey	
  et	
  al.	
  2007]	
  
•  Pen-­‐based	
  Sketch	
  Recogni=on	
  [e.g.,	
  Wacom	
  2010]	
  
•  Automated	
  Recogni=on	
  of	
  CAD	
  Drawings	
  	
  

[Aoki	
  et	
  al.	
  1996;	
  Llados	
  et	
  al.	
  1997;	
  Ah-­‐Soon	
  and	
  	
  
Tombre	
  2001;	
  Kulikov	
  2004;	
  Lu	
  et	
  al.	
  2005]	
  

•  Human	
  Vision,	
  Percep=on,	
  &	
  Gestalt	
  Psychology	
  
–  Seek	
  the	
  simplest	
  explana=on	
  	
  
for	
  an	
  incomplete	
  diagram	
  

–  Closure,	
  proximity,	
  symmetry,	
  	
  
con=nuity,	
  collinearity,	
  &	
  parallelism	
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Gestalt	
  Psychology:	
  Reifica=on	
  

•  Construc=ve	
  or	
  genera=ve	
  aspect	
  of	
  percep=on	
  

hup://en.wikipedia.org/wiki/File:Reifica=on.jpg	
  

Pragnanz:	
  Gestalt	
  Laws	
  of	
  Grouping	
  

•  Proximity	
  
•  Similarity	
  

•  Closure	
  
•  Symmetry	
  

•  Common	
  fate	
  

•  Con=nuity	
  
•  “Good”	
  gestalt	
  (regular,	
  simple	
  &	
  orderly,	
  
eliminate	
  complexity	
  &	
  unfamiliarity)	
  

•  Past	
  experience	
  
hup://en.wikipedia.org/wiki/Gestalt_psychology	
  

Overview	
  of	
  Algorithm	
  

•  Image	
  Processing	
  (our	
  earlier	
  publica=ons)	
  
•  Lack	
  of	
  precision	
  in	
  sketch:	
  	
  Should	
  elements	
  be	
  
parallel?	
  collinear?	
  perpendicular?	
  tangent?	
  

•  Link	
  tangent	
  walls	
  to	
  form	
  con=nuous	
  	
  
chains	
  that	
  divide	
  space	
  into	
  zones	
  

•  Determine	
  interior	
  vs.	
  exterior	
  

•  Generate	
  floor	
  plan	
  diagram	
  &	
  water=ght	
  	
  
mesh	
  geometry	
  (more	
  details	
  in	
  our	
  paper)	
  

Tolerance	
  Example:	
  Collinearity	
  

Detected	
  Geometry	
   Designer’s	
  Inten3on	
  

Other	
  Users’	
  Interpreta3ons	
  

Favor	
  Collinearity	
   Favor	
  Skew	
  Lines	
  

Linking	
  Elements	
  to	
  Form	
  Chains	
  

•  If	
  A	
  	
  	
  B	
  and	
  B	
  	
  	
  A	
  are	
  best	
  matches	
  for	
  tangent,	
  
then	
  the	
  walls	
  are	
  joined	
  into	
  a	
  chain	
  

Detected	
  Geometry	
  

Wall	
  Chains,	
  Extended	
  to	
  Infinity	
  

Halfspace	
  Zones	
  &	
  Enclosure	
  

•  Further	
  subdivided	
  using	
  GraphCuts	
  (if	
  needed)	
  

Halfspace	
  Zones	
  

Densely	
  Sampled	
  Enclosure	
  (Visibility	
  Test)	
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•  Unfortunately,	
  there	
  is	
  no	
  universal	
  threshold	
  
•  Varies	
  design-­‐to-­‐design,	
  and	
  within-­‐a-­‐design	
  

Interior/Exterior	
  Enclosure	
  Threshold	
  

Automa3c	
  Interior/Exterior	
  Determina3on	
  &	
  Final	
  Floorplan	
  

Compare	
  to	
  Designer’s	
  Inten3on	
  

Interior/Exterior	
  Op=miza=on	
  
•  Analyze	
  histogram	
  of	
  point-­‐sampled	
  enclosure	
  values	
  

•  Maximize	
  usage	
  of	
  lengths	
  of	
  real	
  wall	
  elements	
  
•  Minimize	
  length	
  of	
  inferred	
  (added)	
  walls	
  

•  Minimize	
  area	
  assigned	
  in	
  opposi=on	
  of	
  simple	
  threshold	
  metric	
  

Complex	
  Boundaries	
  &	
  Varying	
  Gaps	
  

Interior/Exterior	
  Op=miza=on	
  
•  Analyze	
  histogram	
  of	
  point-­‐sampled	
  enclosure	
  values	
  

•  Maximize	
  usage	
  of	
  lengths	
  of	
  real	
  wall	
  elements	
  
•  Minimize	
  length	
  of	
  inferred	
  (added)	
  walls	
  

•  Minimize	
  area	
  assigned	
  in	
  opposi=on	
  of	
  simple	
  threshold	
  metric	
  
•  (Courtyard	
  op=on)	
  Minimize	
  total	
  enclosed	
  area	
  

Open	
  Courtyards	
  &	
  Mul3ple	
  Buildings	
  	
  

Our	
  Goals	
  in	
  Conduc=ng	
  User	
  Studies	
  

•  Understand	
  range	
  of	
  designs	
  possible	
  
•  Improve	
  physical	
  sketching	
  user	
  interface	
  

•  Improve	
  algorithm	
  for	
  sketch	
  recogni=on	
  	
  
of	
  interior/exterior	
  space	
  
– Learn	
  common	
  human	
  interpreta=on	
  “rules”	
  
– Quan=fy	
  design	
  ambiguity	
  

•  Measure	
  effec=veness	
  of	
  Virtual	
  Heliodon	
  	
  
as	
  an	
  architectural	
  dayligh=ng	
  design	
  tool	
  

User	
  Study	
  1:	
  Open-­‐Ended	
  Design	
  
•  30	
  par=cipants	
  	
  
(15	
  architects)	
  

•  20	
  mins	
  of	
  sketching	
  	
  

•  329	
  unique	
  designs	
  
(154	
  by	
  architects)	
  

•  Awer	
  design	
  session:	
  
•  Designer	
  annotates	
  
each	
  design	
  

•  Then,	
  we	
  reveal	
  	
  
our	
  automa=c	
  
interpreta=on	
  

Iden=fy/Quan=fy	
  Ambiguous	
  Designs	
  

Designer’s	
  	
  
Annota3on	
  

Automa3c	
  
	
  Interpreta3on	
  Re-­‐Interpreta3on	
  by	
  Other	
  Users	
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•  114	
  designs	
  from	
  Study	
  1	
  
–  All	
  ambiguous	
  designs	
  included	
  

–  Some	
  clear	
  designs	
  (as	
  controls)	
  

•  15	
  par=cipants	
  
•  Re-­‐interpreted	
  by	
  
another	
  user	
  	
  
–  3-­‐6	
  new	
  annota=ons	
  for	
  each	
  	
  
–  346	
  total	
  (124	
  by	
  architects)	
  

•  Then	
  compare	
  to	
  original	
  
designer’s	
  annota=on	
  

•  And	
  finally,	
  to	
  our	
  
automa=c	
  interpreta=on	
  

User	
  Study	
  2:	
  Re-­‐Interpreta=on	
  

•  No	
  correla=on	
  found	
  between	
  
background	
  (architecture/arts/none)	
  
&	
  interpreta=on	
  accuracy	
  

•  We	
  will	
  con=nue	
  to	
  improve	
  the	
  
robustness	
  of	
  our	
  sowware	
  

Re-­‐Interpreta=on	
  Results	
  
matches	
  the	
  original	
  
designer’s	
  inten3on	
  

mul3ple	
  
interpreta3ons	
  

possible	
  

Domain-­‐Specific	
  Knowledge	
  Required	
  

•  Standard	
  vocabulary	
  of	
  architectural	
  forms	
  
(e.g.,	
  cruciform,	
  por=co,	
  etc.)	
  

Designer’s	
  	
  
Annota3on	
  

Automa3c	
  
	
  Interpreta3on	
  

Re-­‐Interpreta3on	
  by	
  Other	
  Par3cipants	
  

Future	
  Work	
  

•  Improve/robus=fy	
  interpreta=on	
  algorithm	
  
– Detect	
  symmetry	
  &	
  repe==on	
  

– Mul=-­‐zone	
  interiors	
  &	
  circula=on	
  paths	
  	
  

•  Incorporate	
  domain-­‐specific	
  knowledge	
  

•  Enhance	
  user	
  interface	
  
– Addi=onal	
  tokens,	
  more	
  complex	
  element	
  shapes	
  

– Alterna=ve	
  to	
  sketching	
  in	
  plan:	
  
sketch	
  (double	
  height,	
  mul=-­‐floor)	
  ver=cal	
  sec=ons	
  

•  Apply	
  to	
  pen-­‐based	
  sketch	
  interpreta=on	
  

Thanks!	
  

•  Yu	
  Sheng,	
  Ted	
  Yapo,	
  &	
  Andrew	
  Dolce	
  
•  Our	
  user	
  study	
  volunteer	
  par=cipants	
  
•  Funding	
  from	
  NSF	
  &	
  IBM	
  

Designer’s	
  	
  
Annota3on	
  

Automa3c	
  
	
  Interpreta3on	
  

Re-­‐Interpreta3on	
  by	
  Other	
  Par3cipants	
  


