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Four	
  Levels	
  of	
  Visualiza&on	
  Design	
  	
  

•  Consider	
  the	
  situa&on	
  of	
  the	
  par&cular	
  applica&on	
  domain	
  	
  
•  Map	
  the	
  domain	
  specific	
  problems	
  into	
  what-­‐why	
  (data	
  /

task)	
  abstrac&on	
  that	
  is	
  independent	
  of	
  the	
  domain	
  	
  
•  Design	
  visualiza&on	
  idioms	
  that	
  specify	
  the	
  approaches	
  of	
  

visual	
  encoding	
  and	
  interac&on	
  	
  
•  Design	
  algorithms	
  to	
  instan&ate	
  the	
  visualiza&on	
  idioms	
  

computa&onally	
  	
  

Nested	
  level:	
  the	
  output	
  of	
  	
  
the	
  upstream	
  levels	
  is	
  the	
  	
  
input	
  of	
  the	
  downstream	
  	
  
Levels	
  

Analyze	
  the	
  four	
  levels	
  	
  
separately	
  but	
  itera&vely	
  	
  	
  



Domain	
  Situa&on	
  

•  The	
  block	
  at	
  this	
  level	
  includes	
  a	
  group	
  of	
  target	
  
users,	
  their	
  domain	
  interest,	
  their	
  ques&ons	
  
about	
  the	
  data,	
  and	
  their	
  data	
  	
  

•  The	
  methods:	
  interviews,	
  observa&ons,	
  and	
  
research	
  about	
  the	
  target	
  users	
  	
  

•  Be	
  aware:	
  the	
  target	
  users	
  typically	
  cannot	
  
ar&culate	
  their	
  analysis	
  needs	
  in	
  a	
  clear-­‐cut	
  
manner	
  	
  

•  The	
  outcome:	
  a	
  detailed	
  set	
  of	
  ques&ons	
  asked,	
  	
  
and/or	
  ac&ons	
  carried	
  out,	
  by	
  the	
  target	
  users,	
  
about	
  the	
  collec&on	
  of	
  data	
  



Task	
  and	
  Data	
  Abstrac&on	
  

•  Tasks	
  from	
  different	
  domains	
  can	
  map	
  to	
  same	
  
tasks	
  such	
  as	
  browsing,	
  comparing,	
  and	
  
summarizing	
  	
  

•  Selec&ng	
  data	
  abstrac&on	
  is	
  a	
  crea&ve	
  design	
  
step	
  rather	
  than	
  just	
  an	
  iden&fica&on	
  	
  
– Data	
  transforma&on	
  is	
  oQen	
  required	
  	
  
– Determine	
  the	
  visual	
  representa&on	
  needed	
  and	
  
transform	
  the	
  data	
  accordingly	
  	
  



Visual	
  Encoding	
  and	
  Interac&on	
  	
  

•  Idiom:	
  a	
  dis&nct	
  approach	
  to	
  arrange	
  visual	
  
encoding	
  and	
  interac&on	
  	
  

•  Two	
  major	
  concerns:	
  	
  
– How	
  to	
  create	
  a	
  single	
  picture	
  of	
  the	
  data	
  
– How	
  to	
  manipulate	
  the	
  representa&on	
  dynamically	
  	
  
–  These	
  two	
  oQen	
  need	
  to	
  be	
  considered	
  together	
  	
  

•  Idioms	
  are	
  designed.	
  They	
  are	
  the	
  outcome	
  of	
  
your	
  decision,	
  based	
  on	
  human	
  percep&on	
  and	
  
memory	
  	
  



Algorithms	
  	
  

•  Algorithm:	
  a	
  detailed	
  procedure	
  to	
  allow	
  a	
  
computer	
  to	
  carry	
  out	
  a	
  desired	
  goal	
  
automa&cally	
  	
  

•  Many	
  algorithms	
  can	
  be	
  designed	
  to	
  
instan&ate	
  the	
  same	
  idiom	
  	
  

•  The	
  main	
  concerns	
  are	
  mostly	
  computa&onal	
  
issues	
  rather	
  than	
  human	
  perceptual	
  issues	
  	
  



Vis	
  Design	
  –	
  Angles	
  of	
  AVack	
  	
  

•  Problem-­‐driven:	
  Top-­‐down	
  	
  
– Also	
  called	
  design	
  study	
  	
  
– The	
  problem	
  can	
  oQen	
  be	
  solved	
  using	
  exis&ng	
  
visual	
  encoding	
  and	
  interac&on	
  idioms	
  	
  

– Much	
  of	
  the	
  challenges	
  lie	
  at	
  the	
  abstrac&on	
  level	
  	
  

•  Technique-­‐driven:	
  BoVom-­‐up	
  	
  	
  
– Start	
  with	
  a	
  new	
  idea	
  for	
  visual	
  encoding	
  and/or	
  
interac&on	
  	
  

– Use	
  the	
  levels	
  above	
  to	
  refine	
  your	
  design	
  	
  



Threats	
  to	
  Validity	
  	
  



Valida&on	
  Approaches	
  	
  

•  Immediate	
  and	
  downstream	
  valida&ons	
  	
  
–  Immediate:	
  correct	
  problems	
  occurred	
  at	
  the	
  current	
  level	
  	
  
–  Downstream:	
  requires	
  results	
  from	
  downstream	
  levels,	
  i.e.,	
  
you	
  need	
  to	
  wait	
  for	
  all	
  levels	
  being	
  implemented.	
  	
  	
  



Valida&on	
  Approaches	
  	
  

Immediate	
  	
  

Downstream	
  	
  

D
om

ain	
  Situa&on	
  	
  



Domain	
  Valida&on	
  	
  

•  Threat:	
  mischaracterized	
  problems	
  	
  
– The	
  problems	
  do	
  not	
  exist	
  	
  

•  Valida&on:	
  interview	
  and	
  observe	
  	
  
–  	
  Field	
  Study:	
  go	
  to	
  where	
  they	
  work	
  instead	
  of	
  
bringing	
  them	
  to	
  your	
  lab/office	
  

•  Downstream	
  valida&on:	
  	
  
– Check	
  the	
  soQware	
  adop&on	
  rate	
  	
  



Abstrac&on	
  Valida&on	
  	
  

•  Threat:	
  the	
  data	
  and	
  task	
  abstrac&on	
  does	
  not	
  
characterize	
  the	
  specific	
  problem	
  	
  

•  Immediate	
  valida&on:	
  Jus&fy	
  the	
  abstrac&on	
  	
  
•  Downstream	
  valida&on:	
  have	
  a	
  user	
  from	
  the	
  
target	
  community	
  try	
  the	
  tool	
  	
  
– This	
  means	
  all	
  other	
  levels	
  are	
  completed	
  	
  
– Collect	
  insight	
  found	
  or	
  hypothesis	
  confirmed	
  	
  

•  Field	
  study:	
  observe	
  and	
  document	
  how	
  the	
  
users	
  use	
  the	
  deployed	
  system	
  	
  



Idiom	
  Valida&on	
  	
  

•  Threats:	
  the	
  chosen	
  idioms	
  are	
  not	
  effec&ve	
  
communica&ng	
  the	
  desired	
  abstrac&on	
  

•  Immediate	
  valida&on:	
  carefully	
  jus&fy	
  the	
  design	
  with	
  
known	
  perceptual	
  or	
  cogni&ve	
  principles	
  	
  

•  Downstream	
  valida&on:	
  carry	
  out	
  a	
  lab	
  study	
  	
  
–  A	
  controlled	
  study	
  carried	
  out	
  in	
  a	
  laboratory	
  se\ng	
  	
  
– Measure	
  human	
  performance	
  on	
  abstract	
  tasks	
  	
  

•  Time	
  spent;	
  errors	
  made;	
  logging	
  ac&ons	
  (e.g.	
  mouse	
  moves	
  and	
  
clicks)	
  ;	
  subjec&ve	
  measurement	
  (user	
  preference)	
  	
  

–  Presenta&on	
  and	
  qualita&ve	
  discussion	
  of	
  s&ll	
  images	
  or	
  
videos	
  	
  

–  Quality	
  metrics:	
  	
  e.g.	
  edge	
  crossing	
  for	
  network	
  drawing	
  	
  



Algorithm	
  Valida&on	
  	
  

•  Threat:	
  algorithm	
  is	
  subop&mal	
  in	
  &me	
  or	
  
memory	
  	
  performance	
  	
  

•  Immediate	
  valida&on:	
  analyze	
  computa&onal	
  
complexity	
  –	
  number	
  of	
  items	
  and	
  number	
  of	
  
pixels	
  	
  

•  	
  Downstream	
  valida&on:	
  measure	
  wall-­‐clock	
  &me	
  
and	
  memory	
  performance	
  
–  Scalability	
  is	
  important	
  for	
  big	
  data	
  sets	
  	
  
– Avoid	
  algorithm	
  incorrectness:	
  algorithm	
  design	
  or	
  
computer	
  program	
  bugs	
  	
  	
  


